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Debris-Flow Seismology: 

A Playground or a Construction Site?

Fabian Walter     Bozen / Debris Flows 

M. Phillips

Machine learningEarly warning Autonomous dronesSeismic detections
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Illgraben Debris Flow Torrent (Valais, Switzerland)

Slope erosion

Debris flows during

heavy precipitation
2 m

5-6 debris flows per year
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Illgraben Debris Flow Torrent (Valais, Switzerland)
Nice to have

• Early warning time

• So far not instrumentation

Infrasound

(E. Marchetti)

Flow depth

(WSL)

Geophones

(WSL)

Operational: In-torrent instrumentation
Time (s)
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Conclusion

Drone Data (Tjalling de Haas, Utrecht)

• Repeated flights

• Structure from motion, DEM difference

• Disadvantage: time consuming
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+ 6 m deposition

- 2 m erosion

vegetation

10 m

Terrain Changes:

Example of 15 July 2019 Debris Flow
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Outline Question: Can we automatically monitor 

an inaccessible debris flow catchment? 

1.

Seismology: Temporal Detection2.

Drones: Spatial Detection3.

4. Data Processing

17.10.2019Bozen / Debris Flows 
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Amplitude Source Location of Debris Flow Front

Rhone Valley

Chandolin Side

Within Canyon

17:31:42 17:40:02 17:58:22

Debris Flow in 2011

(Walter et al., 2017)

Time (s)

• 20 minutes before leaving Illgraben canyon.

• BUT: Too many false detections 
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Waveform features (e.g., duration, 

amplitude, …)

Spectral features (e.g., frequency at 

maximum, central frequency, …)

Provost et al., 2017

From Physics to

Machine Learning
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No simple decision rule

Seismic Feature Extraction



||
Placeholder for organisational unit name / logo

(edit in slide master via “View” > “Slide Master”)
17.10.2019Fabian Walter     Bozen / Debris Flows 9

- Multiple trees out of random 

subset of attributes

- Majority vote for classification

Max. Amplitude > X Dominant Frequency < Y

Duration > Z

Rise Time < XY

Class A Class B Class B Class C Class D Class A

Random Forest Algorithm



||
Placeholder for organisational unit name / logo

(edit in slide master via “View” > “Slide Master”)
17.10.2019Fabian Walter     Bozen / Debris Flows 10

200 seconds

• Goal: monitor rock avalanche activity (small and large)

• 2017 Piz Cengalo rock avalanche

• Seismic monitoring in valley

Detection: From Physics to Machine Learning

Bondasca Valley, 

Grisons, Switzerland

• Collaboration with U Strasbourg (Clément Hibert)

• Supported by Canton Grison (Martin Keiser)



||
Placeholder for organisational unit name / logo

(edit in slide master via “View” > “Slide Master”)
17.10.2019Fabian Walter     Bozen / Debris Flows 11

- 2000 decision trees

- Training data: ca. 250 signals per class

- Test data: ca. 85 signals per class

To be applied to Illgraben 
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Drone-Derived Digital Elevation Models

1 km

Autonomous Drone

• Self-charging

• Shielded from weather

• Powerful enough

• Flight length

• Elevation difference

• Flight permission (BVLOS)

 Meteobase by Meteomatics
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• First completed flight paths last week

• Daily flights planned for summer 2020

... Work in progress

Meteobase:

First Experiences
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Swisscom Data Platform
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Swisscom Data Platform
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During event

Plan: Use platform for «Internet of Things»
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Can we automatically monitor an inaccessible

debris flow catchment?  

Seismology: Temporal Detection

Drones: Spatial DetectionData Processing

17.10.2019Bozen / Debris Flows 

Not there yet ... but some recent progress.


