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Identification of debris flow and debris flood with 
 infrasound and seismic signals
Andreas Schimmel, Dipl.-Ing.1; Johannes Hübl, Prof. DI Dr.1

INTRODUCTION
Due to the fast socio-economic development of 
mountain areas, processes like debris flows, debris 
floods, or bed load transport, constitute an increas-
ing hazard to lives and property. Monitoring debris 
flow torrents is essential for warning issues and 
gaining more knowledge about the processes.
Debris flows and debris floods induce, by the 
collision of stones and by the friction of the flow to 
the channel, waves in the low-frequency infrasonic 
spectrum and seismic waves. The characteristic 
frequency range in which the largest amplitudes 
occur varies for infrasound signals depending on 
the viscosity from 5 to 10 Hz for debris flows with 
high sediment content up to 15-30 Hz for debris 
floods with lower viscosity (e.g. Chou et al. 2010, 
Kogelnig et al. 2014) and from 10 to 30 Hz for 
seismic signals (e.g. Arattano et al. 2003). The fact 
that debris flows have a characteristically pattern in 
the time-frequency range for the infrasound and 
seismic signals, permits an early detection and iden-
tification of these events, even before a surge passes 
the sensor location.
Several approaches to detect debris flows with 
infrasonic or seismic sensors are already existing 
(e.g. Zhang et al. 2004; Chou et al. 2010) but so far 
no warning system based on a combination of 
seismic and infrasound sensors has been developed 
and no approach for identifying mass movement 
processes in respect to their process-type, and 
-magnitude based on this both signals has been 
considered.

METHODS
By the combination of infrasound and seismic 
signals advantages can be taken of both technolo-
gies and the disadvantages can be minimized  
(e.g. seismic: lower disturbances due to wind and 
weather but strong dependency on the geology  
of the site and high attenuation with increasing 
distance between mass movement and sensor; 

infrasound: little attenuation in the air at local 
distances, but high background noise induced by 
wind).
This concept aims to build up a warning system for 
detecting and identifying alpine mass movements 
by analysing the seismic and infrasound waves.  
The developed system is build up on a minimum of 
one seismic and one infrasound sensor which are 
co-located and a microcontroller which runs a 
detection algorithm to detect debris flows and 
debris floods with high accuracy in real time 
directly on-site. The developed detection algorithm 
analyses the evolution in time of the frequency 
content from the infrasonic and seismic mass 
movement signals. Therefore four different fre-
quency bands are used to analyse the infrasound 
signal, whereby a 5 to 15 Hz band characterises 
debris flows and a 15 to 35 Hz band is used for 
debris floods. The frequency bands below (manly 
dominated by wind) and above are used to elimi-
nate false alarms. The advantage of the combina-
tion becomes clear by looking at the number of 
detections: e.g. test site Farstrinne 2014: 176 
detections based on seismic signals, 6 detections 
based on infrasound, 2 correct detections with the 
combination of both signals.

RESULTS
Figure 1 shows an example of the seismic and 
infrasound signals, amplitudes of the frequency 
bands and the spectrum of a debris flood occurred 
at the Tyrolean test site Farstrinne on 31.07.2014. 
The time between detection and passing of the 
main surge for this event was 98 s which is an 
adequate time for early warning.
The System has been tested in 2013 and 2014 at 
five different test sites in Austria. Although no 
larger debris flows occurred in that time at this test 
sites, the system has detected all medium sized 
events (9 events) with infrasound amplitudes great-
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er than 400 mPa and also over 70% of smaller 
events, while only 7 false alarms were registered.
Further work will compare the data of recorded 
events with information of other measurement 
systems at several test sites, to define a common set 
of identification rules for event-type and magnitude 
identification. The detection system will be extend-
ed by this identification rules and the developed 

process identification system will then be tested on 
several test sites in Austria, Switzerland and Italy.
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Figure 1. Infrasound and seismic data of the debris flood at the Farstrinne test 
site on 31.07.2014. Signals are represented with a common base of time. (a) 
Infrasound time series; (b) Seismogram; (c) Average amplitude of the four 
frequency bands of the infrasound signal; (d) Average amplitude of the frequency 
band of the seismic signal; (e) Running spectrum of the infrasound signal; (f) 
Running spectrum of the seismic signal; Line: time of first detection based on 
infrasound and seismic data.
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