Asian Journal of Engineering Geology, 2026, Vol. 3 Special Issue, INJSEG 2026, Abstract No.: 380

Climatic Preconditioning and Catastrophic Slope Failure
in High Mountain Asia: A Multiscale Assessment of the
2026 Langtang Lirung Event

Dhiraj Pradhananga'", Kumar Aryal?, John Pomeroy®, Aakriti Dhakal', Reshu Karki', Ashok
Ghimire"?, Sushant Dhital"*, Susa Manandhar’, Tribikram Basnet', Nir Y. Krakauer®

' The Small Earth Nepal, Kathmandu, Nepal
2 Department of Meteorology, Tri-Chandra Multiple Campus, Tribhuvan University, Kathmandu, Nepal
® Centre for Hydrology, University of Saskatchewan, Canada
* Institute of Engineering, Tribhuvan University, Lalitpur, Nepal
® City College of New York, USA

(‘Corresponding E-mail:

Abstract: On 26 August 2026, a catastrophic rock-ice-
sediment failure at Langtang-Lirung, Nepal, triggered a
debris-flow and flood cascade through the Bhote Koshi.
ERA5/ERA5-Land reanalysis, precipitation-phase and trend
analyses (Mann-Kendall and Sen’s slope), gravitational
energy estimation, and 2 m WorldView-3 DEM differencing
assessed climatic conditions and geomorphic impacts.
Annual temperature increased by 0.31 °C decade™ (1940-
2025), while rainfall rose by 64.8 mm decade™" (1980-2025),
with no significant snowfall trend. August 2026 was
exceptionally warm and wet across the Hindu Kush
Himalaya. Approximately 130 million m® of detached
material had an estimated gravitational potential energy of
2.6 x 10" J over a 2300 m descent. DEM differencing at
Syabrubesi and Rasuwagadhi indicated 33.2 million m® of
scour, 5.0 million m° of deposition, and 28.3 million m° of

net sediment export. Findings indicate climatic
preconditioning and downstream geomorphic
transformation without establishing direct climatic

causation, highlighting the importance of integrated
atmospheric, cryospheric, terrain, and hydrological
monitoring.
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The 26 August 2026 Langtang-Lirung collapse triggered
rapidly propagating debris flow and flooding through the
Bhote Koshi and downstream river system (The
Kathmandu Post, 2026; ReliefWeb, 2026). The study
examines long-term climatic preconditioning, event-
month anomalies, energy available to the cascade, and
downstream terrain change, rather than assigning a
deterministic climatic trigger.

Temperature conditions were evaluated using ERA5S
(Hersbach et al., 2020) and ERA5-Land reanalysis data
(Munoz-Sabater et al., 2021), while precipitation phase
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was assessed from ERA5-Land precipitation and
snowfall fields. Long-term trends were quantified using
the Mann-Kendall test (Mann, 1945) and Sen's slope
estimator (Sen, 2012). Event-scale conditions were
compared with historical August variability in the
Langtang region (Steiner et al., 2021) and Hindu Kush
Himalaya. Geomorphic changes were assessed using 2
m WorldView-3 DEMs and downstream visual
observations (CLaSH, 2026).

The first-order energy assessment used detached
volume of approximately 130 million m® (HimalPress,
2026), representative bulk density of 900 kg m~, and
approximate descent of 2300 m:

M

Where, E, = Gravitational potential energy, m = Mass,
p = Bulk density, V= volume, g= gravitational
acceleration, and h=vertical descent.

Ep = mgh = pVgh

Annual temperature at Langtang-Lirung increased at
+0.31 °C decade™’ during 1940-2025, an approximately
2.58 °C rise between the 1940s and 2016-2025 (The
Small Earth Nepal, 2026). Warming was significantin all
seasons and strongest in winter. Total precipitation
increased 62.9 mm decade™" in 1980-2025, with rainfall
increasing 64.8 mm decade‘1; snowfall had no
significant trend (-0.6 mm decade™"; p = 0.872), and the
snowfall fraction declined by approximately one
percentage point decade™ (Krogh & Pomeroy, 2021;
Pradhananga & Pomeroy, 2022).

The Hindu Kush Himalaya experienced its warmest
August in the 1980-2026 record (C3S, 2026), with area-
weighted temperature anomaly near +1.85 °C. The local
site recorded its second-warmest August (9.38 °C), 0.72
°C above its 1980-2025 August climatology. Regional
August precipitation reached 339 mm, about 50 mm
above climatology, predominantly as rainfall (The Small
Earth Nepal, 2026). The estimated detached mass was
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1.17 x 10" kg, with gravitational potential energy near
2.6 x 10"® J. Most of this energy was dissipated through
fragmentation, friction, deformation, entrainment, and
channel interaction rather than remaining as bulk
translational motion (Lei et al., 2025; Wei et al., 2024).

DEM differencing identified 22.2 million m°® of scour
and 4.4 million m® of deposition at Syabrubesi (17.8
million m® net export), and 11.1 million m® of scour and
0.6 million m® of deposition at Rasuwagadhi (10.5
million m® net export). Combined reported values were
33.2 million m® of scour, 5.0 million m® of deposition,
and 28.3 million m® net sediment export. Channel
aggradation and floodplain disturbance were
documented downstream (CHWRR, 2026; CLaSH,
2026).

Table 1, Reported downstream sediment budget
(million m3)

Reach Scour Deposit Net Export
Syabrubesi 22.2 4.4 17.8
Rasuwagadhi 11.1 0.6 10.5

Total 33.2 5.0 28.3
(reported)

Conclusion and recommendations

Sustained warming, declining snowfall fraction, and
anomalously warm and rainfall-dominated August
conditions provide a coherent preconditioning context
for the Langtang-Lirung event, not proof of direct
causation. Integrated atmospheric  monitoring,
precipitation-phase observations, cryospheric
indicators, terrain change detection, and downstream
hydrological observations can improve assessment of
cascading high-mountain hazards.

Reference

C3S. (2026). August 2026 was the joint warmest month
ever recorded globally. Copernicus Climate Change
Service. https://datawrapper.dwcdn.net/mzxpH/6/

CLaSH. (2026). Center for Land Surface Hazards,
August 2026 Nepal Trishuli flood [Story map]. ArcGIS
StoryMaps.
https://storymaps.arcgis.com/stories/f2b2425eac54
4929a7d18f4c90b41d66

CHWRR. (2026). IgaT-HIH =M STet TeT 2043 Taht ufdde
(Assessment Report Il). Water Resources Research
and Development Center.
https://wrerc.gov.np/content/57/report-on-rasuwa-
bhotekoshi-flood-incident-2083-assessment/

Hersbach, H., Bell, B., Berrisford, P., Hirahara, S.,
Horanyi, A., Mufioz-Sabater, J., Nicolas, J., Peubey,
C.,Radu, R., Schepers, D., Simmons, A., Soci, C.,
Abdalla, S., Abellan, X., Balsamo, G., Bechtold, P.,
Biavati, G., Bidlot, J., Bonavita, M., ... Thépaut, J.-N.
(2020). The ERAS global reanalysis. Quarterly Journal

32

of the Royal Meteorological Society, 146(730), 1999-
2049. https://doi.org/10.1002/qj.3803

HimalPress. (2026). Aug 26 flood may have swept 142
million m® of ice, rock, debris: Study. HimalPress |
English. https://en.himalpress.com/aug-26-flood-
may-have-swept-142-million-m%C2%B3-of-ice-rock-
debris-study/

Krogh, S. A., & Pomeroy, J. W. (2021). Simulating site-
scale permafrost hydrology: Sensitivity to modelling
decisions and air temperature. Journal of Hydrology,
602, Article 126771.
https://doi.org/10.1016/j.jhydrol.2021.126771

Lei, X., He, S., Qin, C., Zhao, J., Zhou, G. G. D., & Ming,
L. (2025). ATHM-coupled MPM framework for
modelling rock-ice avalanches. Computers and
Geotechnics, 188, Article 107603.
https://doi.org/10.1016/j.compge0.2025.107603

Mann, H. B. (1945). Nonparametric tests against trend.
Econometrica, 13(3), 245-259.
https://doi.org/10.2307/1907187

Mufioz-Sabater, J., Dutra, E., Agusti-Panareda, A.,
Albergel, C., Arduini, G., Balsamo, G., Boussetta, S.,
Choulga, M., Harrigan, S., Hersbach, H., Martens, B.,
Miralles, D. G., Piles, M., Rodriguez-Fernandez, N. J.,
Zsoter, E., Buontempo, C., & Thépaut, J.-N. (2021).
ERA5-Land: A state-of-the-art global reanalysis
dataset for land applications. Earth System Science
Data, 13(9), 4349-4383.
https://doi.org/10.5194/essd-13-4349-2021

Pradhananga, D., & Pomeroy, J. W. (2022). Recent
hydrological response of glaciers in the Canadian
Rockies to changing climate and glacier
configuration. Hydrology and Earth System Sciences,
26(10), 2605-2616. https://doi.org/10.5194/hess-26-
2605-2022

ReliefWeb. (2026, August 27). Nepal flash floods: Rapid
situation overview (27 August 2026) — Nepal.
https://reliefweb.int/report/nepal/nepal-flash-floods-
rapid-situation-overview-27-august-2026

Sen, Z. (2012). Innovative trend analysis methodology.
Journal of Hydrologic Engineering, 17(9), 1042-1046.
https://doi.org/10.1061/(ASCE)HE.1943-
5584.0000556

Steiner, J. F., Gurung, T. R., Joshi, S. P., Koch, I.,
Saloranta, T., Shea, J., Shrestha, A. B., Stigter, E., &
Immerzeel, W. W. (2021). Multi-year observations of
the high mountain water cycle in the Langtang
catchment, Central Himalaya. Hydrological
Processes, 35(5), Article e14189.
https://doi.org/10.1002/hyp.14189

The Kathmandu Post. (2026, August 27). How the
Bhotekoshi flood unfolded over 10 hours.
https://kathmandupost.com/national/2026/08/27/ho
w-the-bhotekoshi-flood-unfolded-over-10-hours


https://datawrapper.dwcdn.net/mzxpH/6/
https://storymaps.arcgis.com/stories/f2b2425eac544929a7d18f4c90b41d66
https://storymaps.arcgis.com/stories/f2b2425eac544929a7d18f4c90b41d66
https://wrerc.gov.np/content/57/report-on-rasuwa-bhotekoshi-flood-incident-2083-assessment/
https://wrerc.gov.np/content/57/report-on-rasuwa-bhotekoshi-flood-incident-2083-assessment/
https://doi.org/10.1002/qj.3803
https://en.himalpress.com/aug-26-flood-may-have-swept-142-million-m%C2%B3-of-ice-rock-debris-study/
https://en.himalpress.com/aug-26-flood-may-have-swept-142-million-m%C2%B3-of-ice-rock-debris-study/
https://en.himalpress.com/aug-26-flood-may-have-swept-142-million-m%C2%B3-of-ice-rock-debris-study/
https://doi.org/10.1016/j.jhydrol.2021.126771
https://doi.org/10.1016/j.compgeo.2025.107603
https://doi.org/10.2307/1907187
https://doi.org/10.5194/essd-13-4349-2021
https://doi.org/10.5194/hess-26-2605-2022
https://doi.org/10.5194/hess-26-2605-2022
https://reliefweb.int/report/nepal/nepal-flash-floods-rapid-situation-overview-27-august-2026
https://reliefweb.int/report/nepal/nepal-flash-floods-rapid-situation-overview-27-august-2026
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000556
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000556
https://doi.org/10.1002/hyp.14189
https://kathmandupost.com/national/2026/08/27/how-the-bhotekoshi-flood-unfolded-over-10-hours
https://kathmandupost.com/national/2026/08/27/how-the-bhotekoshi-flood-unfolded-over-10-hours

Asian Journal of Engineering Geology, 2025, Vol. 2 No. 1, 31-40

The Small Earth Nepal. (2026). When warming weakens
a mountain: The story behind the Langtang-Lirung
collapse — An ERAS analysis, 1940-2026.

https://smallearth.org.np/activities/when-warming-
weakens-mountain/

Wei, H., Liu, E., Wei, X., He, C., Chen, L., & Li, Q. (2024).
Thermo-hydro-mechanical (THM) analysis of rock-ice
avalanches: Considering the effects of particle
breakage in the sliding zone. Cold Regions Science
and Technology, 219, Article 104123.
https://doi.org/10.1016/j.coldregions.2024.104123

33


https://smallearth.org.np/activities/when-warming-weakens-mountain/
https://smallearth.org.np/activities/when-warming-weakens-mountain/
https://doi.org/10.1016/j.coldregions.2024.104123


   E P = mgh =   ρ Vgh

