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Sediment production vs. sediment export

→ Sediment residence 
time within the mountain 
realm up to 100 ky

There is excess sediment available 
for transport in modern 
mountainous landscapes



Sediment production vs. sediment export

Stolle et al., 2017
148-km2 fan, 5 km3 of debris…



Sediment production vs. sediment export

Stolle et al., 2017
… related to three great earthquakes



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

Sediment production vs. sediment export

Francis et al., 2022



Wenchuan earthquake, 2008

Sediment production vs. sediment export

Francis et al., 2022

2008-2018 sediment budget

→ There is excess sediment available for 
transport in modern mountainous 
landscapes



Extreme rainfall events

Severe convective storms, 
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…
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Cloudburst in Dharali, 
India, August 2025
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St-Martin-Vesubie, France, Oct. 2020

Precipitation > 500 mm / 24h
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18 deaths, 

€1bn losses,

4 Mm3 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
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Morche and Schmidt, 2012

Partnach River (Reintal Valley, 

Bavarian Alps)
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La Berarde, 

Ecrins Massif

Alpinemag



Nepal

Melamchi, Nepal, June 2021

Graf et al., 2024

Catastrophic Remobilization of Sediment During Extreme Rainfall Events

Nepal



Melamchi, Nepal, June 2021

Catastrophic Remobilization of Sediment During Extreme Rainfall Events



Melamchi, Nepal, June 2021

No direct link to co-

seismic landslides 

(Gorkha 2015): 64% 

of all the sediment 

came from Bremthang

(Chen et al., 2025)
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Melamchi, Nepal, 2021

Photos courtesy Basanta Raj Adhikari
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Identification and mitigation of risks Graf et al., 2024

Beware:

→ Extreme precipitation

→ “Sediment bombs”!

Melamchi, Nepal, June 2021

→ Points of 

failure?

→ Engineering 

solutions?

→ Early warning 

systems?



Beware:

→ Extreme precipitation

→ “Sediment bombs”!

→ Engineering can make things worse…

Kathmandu, Nepal, Sep. 2024

Thapa et al., 2023, 2024

Cook, 2024

Precipitation up to 320 mm / 24h

Identification and mitigation of risks
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Harvey et al., 2025, in press

(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 

whether a debris flow becomes “catastrophic” or not. 

Are check dams “fuelling” these debris flows?

Identification and mitigation of risks



SUMMARY

• A very 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.



SUMMARY

• A very 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.

• Mitigation relies on predicting extreme rainfall 
events, identifying “sediment bombs” and ensuring 
engineering measures are effective on the long-
term.

Graf et al., 2024




