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Sediment production vs. sediment export

There is excess sediment available
for transport in modern

/’ Western Himalaya mountainous landscapes
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Sediment production vs. sediment export T4 =
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Sediment production vs. sediment export

Contral Thrust Radiocarbon Ages
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Sediment production vs. sediment export

Hokkaido earthquake, 2018

The Guardian




Sediment production vs. sediment export

Wenchuan earthquake, 2008

www.chinasource.org/resource-library/chinasource-blog-posts/the-wenchuan-
earthquake-10-years-later



Sediment production vs. sediment export

Wenchuan earthquake, 2008
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Sediment production vs. sediment export

2008-2018 sediment budget Wenchuan earthquake, 2008
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Extreme rainfall events

Q TOPICS EXPLORE PROJECTS D I E th Ep— D
Severe convective storms, lalogue Ear “

atmospheric rivers,
cloudbursts, Heavy-
Precipitation Events are
becoming more frequent.
Events with precipitation
>500 mm are recorded all
over the world every year.

When only water, it is
problematic enough...

In July 2021, Zhengzhou, a city of 13 million, saw al
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Catastrophic Remobilization of Sediment During Extreme Rainfall Events

St-Martin-Vesubie, France, Oct. 2020

R

18 deaths,

€1bn losses,

4 Mm? sediment mobilized
(Liebault et al., 2024)
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St-Martin Vesubie, France, 2020
Precipitation > 500 mm / 24h
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St-Martin Vesubie, France, 2020
Precipitation > 500 mm / 24h




Catastrophic Remobilization of Sediment During Extreme Rainfall Events

Morche and Schmidt, 2012

Partnach River (Reintal Valley,
Bavarian Alps)

PRE- AND POST-DAMBREAK SEDIMENT TRANSPORT IN THE PARTNACH RIVER
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Melamchi, Nepal, June 2021

Nepal

Grafet al., 2024
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Melamchi, Nepal, June 2021
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Catastrophic Remobilization of Sediment During Extreme Rainfall Events

Grafet al., 2024

Yangri Valley

>~ - Sedimentation

in Bremthang

“— Gorge incision

No direct link to co-
seismic landslides
(Gorkha 2015): 64%
of all the sediment
came from Bremthang
(Chen et al., 2025)




Catastrophic Remobilization of Sediment During Extreme Rainfall Events

Melamchi, Nepal, 2021




Identification and mitigation of risks Grafet al., 2024
Melamchl Neal June 2021

Beware:
- Extreme precipitation
- “Sediment bombs”!

' ,';'-f - Points of
failure?

- Engineering
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Identification and mitigation of risks

Beware:
- Extreme precipitation
- “Sediment bombs”!

- Engineering can make things worse...

WILEY

RESEARCH ARTICLE

The impact of sediment flux and calibre on flood risk in the
Kathmandu Valley, Nepal

Saraswati Thapa®?© | Hugh D. Sinclair® | Maggie ). Creed® | Simon M. Mudd?® |
Mikael Attal® | Alistair G. L. Borthwick**© | Bhola N. Ghimire? | C.Scott Watson®

Woater Resources Research’
RESEARCH ARTICLE  Sediment Transport and Flood Risk: Impact of Newly
10-1029/2024WR037742 Constructed Embankments on River Morphology and Flood

Key Polnts: Dynamics in Kathmandu, Nepal
o Inclusion of sediment processes is very 5
important in predicting the effect of Saraswati Thapa'* ©, Hugh D. Sinclair', Maggie J. Creed’, Alistair G. L. Borthwick®*

embankments on river flood risk

C. Scott Watson® (), and Manoranjan Mu[husamy’
For the embanked Nakkhu, predicted

Kathmandu, Nepal, Sep. 2024
Precipitation up to 320 mm / 24h

Thapa et al., 2023, 2024

Figure 1| Floeding of che Nakkhu River in Lalicpur, Nepal. Record rainfall in late September caused extreme flooding of the Nakkhu Rivi

R e N
er,asmallriver in the

Kathmandu Valley. The water flowed over the embankments that are designed to mitigate therisk of flooding, seen here In the middle of the river.

Environmental science

Shifting sands threaten
flood-mitigation measures

Kristen L. Cook

land available for urbanization, municipali-
ties often turn to river engineering, building
embankments that are designed to dimin-
ish this risk. But flooding is a multifaceted
problem, and seemingly small factors can have
dire consequences. Writing in Water Resources
Research, Thapa er al > modelled the effects
of embankments on flooding of the Nakkhu
River, asmall river in the Kathmandu Valley,
and found that sediment movement has a
profound impact on the effectiveness of these

Cook, 2024



Identification and mitigation of risks
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Fig. 2 Observed distribution of deposits in a Banzigou and b Cutougou (satellite image: Google Earth shot by CNES/Airbus in October 2019)
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2010 Flow

Flow direction

Min River

(A) debris flows in the Luoquanwan catchment.
(B-C) simulations with changing depth of erodible
sediment and degree of saturation, respectively

—> Availability of sediment is the main control on b/
Whether a debriS fIOW becomes “Catastrophic” or nOt' Fig. 2 Observed distribution of deposits in a Banzigou and b Cutougou (satellite image: Google Earth shot by CNES/Airbus in October 2019)
Are check dams “fuelling” these debris flows?
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Village in the French Alps

* Avery small fraction of the sediment produced
by earthquake and storms is exported in the
following decade. Glacial retreat also makes
glacial sediment stores available for erosion and
transport > Sediment is widely available in
modern mountainous landscapes.

* Extreme rainfall events are becoming more
frequent.

* They can cause catastrophic flooding, but also
mobilize huge amounts of sediment, including
sediment stores that have been stable historically.
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SUMMARY

* Avery small fraction of the sediment produced
by earthquake and storms is exported in the
following decade. Glacial retreat also makes
glacial sediment stores available for erosion and
transport > Sediment is widely available in
modern mountainous landscapes.

* Extreme rainfall events are becoming more
frequent.

* They can cause catastrophic flooding, but also
mobilize huge amounts of sediment, including Elevation (m)
Yangri
sediment stores that have been stable historically. **] () -

4000+

* Mitigation relies on predicting extreme rainfall . "
events, identifying “sediment bombs” and ensuring - y {L
engineering measures are effective on the long- ' i
term.
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