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Remote detection of snow avalanches is an appealing instrument for monitoring snow avalanche activity 
during periods of bad visibility. It supports local avalanche management professionals with information on 
avalanche activity in a specific avalanche track, supporting them in verifying the results of artificial 
avalanche releases. Additionally, it provides a regional avalanche activity index for avalanche danger 
assessment. During summer 2009, we instrumented several sites in the Swiss Alps with infrasound 
microphones, Doppler radars or geophones. For each site, a local observer reported and documented all 
avalanche events, which enabled verification and tuning of the detection algorithms. Despite the rather 
dry winter 2009/10 in central Europe we recorded a number of avalanche events at different sites. We 
report on the technical and organizational structure of the test sites and we show details on the acquired 
data and its post-processing. 
 
 
1. INTRODUCTION 
 
Traditionally, avalanches are detected visually by 
observers who inspect the area of interest from an 
appropriate location and estimate avalanche paths 
and deposits. This method, however, requires 
good visibility and the possibility to reach the 
observation point even at high levels of avalanche 
danger. At places where avalanches are triggered 
artificially, the result of avalanche blastings should 
be verified even when no visual inspection is 
possible. This could help to prevent the 
accumulation of snow leading to large, artificially 
triggered avalanches and possibly liability law 
suits. Therefore, there is a need for avalanche 
detection methods independent of weather and 
danger level. Applications include efficiency 
control of avalanche blastings in ski resorts and for 
road safety (Rice 2002), as well as real-time 
monitoring of avalanche paths endangering traffic 
infrastructure. Additionally, systematic 
observations offer a regional index of avalanche 
activity helpful to professionals estimating the 
avalanche danger level. 
In 2009, we started a project evaluating three 
methods of remote avalanche detection in 
Switzerland. The following systems were installed: 
infrasound monitoring, Doppler radars and 
geophones. The systems were installed at 
different places in the Swiss Alps, in cooperation 
with local avalanche professionals. 
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Such systems have been used previously in the 
context of avalanches. Scott (2007, 2008) has 
used buried porous hoses measuring the 
infrasound signal that penetrates through the snow 
cover. Measurements are used on an operational 
basis for highway avalanche forecasting. 
Microphones have also been placed above the 
snow surface, where they tend to be more 
exposed to noise induced by wind (Adam 1998). 
Doppler radars have been used for measuring 
avalanche front velocities as well as entrainment 
processes by burying them in an avalanche path 
(Gubler 1984, Gauer 2007). Seismic signals 
generated by avalanches have been measured 
with geophones and analyzed (Nishimura 1998, 
Biescas 2003) and have helped to determine 
avalanche velocities (Vilajosana 2007). 
 
 
2. INSTALLED SYSTEMS 
 
Systems were provided and installed by 
commercial suppliers, some of them being small 
start-up companies. For most of the locations, we 
chose avalanches paths which were regularly 
controlled by avalanche blasting in order to 
maximize the number of avalanche events. An 
other advantage of such a location is the presence 
of a local observer being able to check the terrain 
for new events on a regular basis. Observers were 
provided a notification form where they could put 
on record the estimated time of the event, sketch 
the avalanche path on a map and classify the 
events according to size of the avalanche, type 
(slab, loose snow, dry and wet) and whether the 
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avalanche was triggered naturally or artificially by 
blasting or by a person. 

2.1 Infrasound monitoring 
Arrays of four infrasound microphones spaced by 
a few ten meters were installed at Lavin (Canton 
Graubünden), Belalp and Blatten (both Canton 
Valais). They were connected to a computer 
recording the signals at a sampling rate of 80 Hz 
and performing an on-line analysis of the 
infrasonic spectrum. 
 
In Lavin (Fig. 1), the avalanches form in a large 
basin below a ridge and threaten the main road of 
the Engadin valley about 1500 m height difference 
below. Eight pylons with explosives located on the 
ridge are used regularly to prevent the 
accumulation of snow in the release zone. The 
microphones were mounted in trees a few meters 
above ground in order to reduce noise generated 
by wind. 
 

 
Figure 1: Avalanche paths and detection system in 
Lavin. 
 
 
In Blatten and Belalp the situation is different: 
avalanches form on a several kilometre wide 
precipice, about 1000 meters high (Fig. 2), and 
endanger the main road to the Blatten village as 
well as parts of the Blatten-Belalp ski resort. 
Avalanche control is performed using Gas-Ex 
chutes in one part of the precipice. Microphones 
were mounted on poles approximately 2 meters 
above the snow surface on a small hill opposite 
the precipice. The distance between the 
avalanche area and the microphones was 
between 0.5 and 3 km. 
 
 
 

 
Figure 2: Photo and map of avalanche area and 
detection in Belalp (detection 1) and Blatten 
(detection 2). 

2.2 Doppler Radars 
Two different Radar systems from two suppliers 
have been installed at the Limmernsee (Canton 
Glarus) and at Lenzerheide (Canton Graubünden). 
Both systems are equipped with computers that 
perform a real-time analysis of the signal and 
could trigger an immediate alarm. However, this 
functionality has not been used yet. 
 
At Limmernsee (Fig. 3), a large construction site 
operated year-round requires extensive avalanche 
control activities. The radar used was a 24 GHz 
rain radar operating at a power of 50 mW. The 
beam width was 2° and the radar was located at 
approx. 300 m distance from the avalanche path. 
The radar was operated in frequency-modulated 
continuous-wave mode (FM-CW) and a spectrum 
was evaluated every 10 seconds. 
 
The CW-radar in Lenzerheide has a frequency of 
approximately 10 GHz and an antenna with an 
opening angle of 6°. It was directed at a steep 
coulouir subject to regular avalanche control 
activities. 
 

2.3 Geophones 
An avalanche gully close to Liddes (Canton 
Valais) was instrumented with three geophones. 
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Figure 3: Precipice under observation at 
Limmernsee. The radar is aimed at the red dot. 

 

2.4 Centralized data acquisition 
All systems except for Liddes and Limmernsee 
were connected to the Internet via a GPRS 
connection or via fixed infrastructure. The systems 
were polled for new events every 5 minutes by a 
server located at SLF. Local observers and 
avalanche professionals at ski resorts could 
access the central server and check for recent 
detected events. An automatic alert via text 
messages was also implemented but not yet 
activated due to many false alarms. 
 
 
 
3. RESULTS 
 
The winter 2009/2010 was rather dry, with about 
50% of normal precipitation at some locations. As 
a result, no avalanches were observed in Liddes 
and in Lenzerheide. 

3.1 Infrasonic events 
Fig. 4 shows three events detected in Lavin. Both 
in the raw data (voltage signal, upper panel) of the 
microphones as well as in the frequency domain 
(lower panel), a signal that can be associated with 

an avalanche release is measured. The signal is 
easy to identify in the case of the event of 
27.02.10, because the explosions of the 
avalanche blastings generate a wide-band noise 
over the whole spectrum. However, there is no 
obvious indicator in neither the raw nor the 
processed data that could serve as a reliable 
trigger for the detection of an avalanche. 
Therefore, a combination of different criteria 
involving the signals from all four microphones is 
used: A minimum coherent sound pressure level 
on all microphones, a minimum amount of 
coherent sound energy in the low frequency bands 
below 10 Hz and a minimum duration of the event. 
Secondly, the source of the infrasonic signal can 
be located and both azimuth and elevation are 
computed every 2 seconds. Knowing the terrain 
and possible avalanche paths, additional criteria 
are defined on the evolution of both azimuth and 
elevation during an event. Fig. 5 shows a plot of 
the localized infrasonic signal during the event of 
27.02.10. At the end of the winter 2009/2010, the 
criteria were optimized such that all ten 
avalanches were detected and no false alarm 
would be triggered. 
 
In Belalp, only two avalanche events happened in 
winter 2009/2010. One of them, in the very early 
morning of 17.01.10 was detected using similar 
criteria as described for the system in Lavin. The 
second event happened during daytime and was 
masked by an interfering infrasonic signal that was 
present on all four microphones. Further 
investigations showed that this signal correlated 
with the operation hours of the chairlift of which a 
pylon was located a few ten meters away from the 
microphones. 
 
The system in Blatten was aimed at the same 
avalanche paths as the one in Belalp. It was 
placed close to a digital television broadcasting 
(DVB) antenna operating on four frequencies 
between 570 and 810 MHz. As a consequence, an 
interfering signal was present on all four 
microphone channels. This was later resolved by 
using cables with better shields, such that better 
measurements are expected for next winter. 
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Figure 4: Three avalanche events detected in Lavin. Upper panels: raw data from one of the four 
microphones. Lower panels: time-dependent Fourier spectrum of each event. The events of 22.01.10 and 
22.03.10 were spontaneously triggered loose snow avalanches, while the event of 27.02.10 was triggered 
by the first of two avalanche blastings. The signal generated by the avalanche is well visible in both the 
raw and the Fourier data, between the two peaks generated by the explosions. 
 
 
 

3.2 Radar events 
At Limmernsee, five avalanche releases were 
documented and could be associated with signals 
measured by the radar. Fig. 6 shows two selected 
events. In Fig. 6a, the velocity spectrum of the 
three range gates within the avalanche path is 
plotted, both 10 seconds before (dashed lines) 
and during (solid lines) the avalanche release. A 
peak around zero velocity is observed both before 
and during the release. This is attributed to wind-
induced vibrations of the radar mast that appear to 
the radar as if the terrain it is aimed at would be 
moving slowly. The avalanche causes an 
enhanced velocity signal between 1 m/s and 6 m/s 
well above the background noise. The time-
evolution of this signal is shown in Fig. 6b and c. 
The signals of the three range gates have been 
summed-up and are plotted as a function of time 
in 10 second intervals. The duration of an 
avalanche is between 20 and 50 seconds. The  

 
event of 07.03.2010 appears to be the larger of 
the two, involving higher velocities and a longer 
duration. No live-observations are available to 
verify this assumption. 
 
To test the system in Lenzerheide, it was moved 
to the SLF test site at Weissfluhjoch. A snow 
blower was operated in front of the institute’s 
building on 2860 meters above sea level. The 
radar was placed approx. 500 meters away on 
2530 meters above sea. Despite the small 
quantities of snow and strong winds, a small peak 
in the velocity spectrum at the matching range 
gate was identified. 
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Figure 5: The infrasonic signal during the event of 
27.02.10 originated from the yellow area. Blue 
markers indicate the positions of pylons with 
explosives. 
 
 
4. CONCLUSIONS 
 
The first winter of this project has proved that 
infrasound monitoring and Doppler radars can 
detect avalanches independent of current visibility 
conditions. Without doubt, this is true also for a 
geophone-based system, even though no 
avalanche was measured at the system’s location. 
 
The choice of an appropriate location for any of 
the systems is crucial for a successful project. A 
local observer has to be present to document all 
avalanche events, since no system works ‘out of 
the box’. Its sensitivity and detection criteria have 
to be adapted to the local situation. The possibility 
to connect the system to a power line and to the 
Internet facilitates supervision and maintenance 
considerably. 
 
For infrasound systems, the environment of the 
microphones has to be quiet in the infrasonic part 
of the spectrum. This is not always obvious, since 
the human ear is not sensitive to these sounds. 
Moreover, wind generates high noise amplitudes 
that can mask infrasonic emissions by an  
 

 
Figure 6: Two avalanche events measured by the 
FM-CW radar. (a) Velocity spectrum of the three 
range gates covered by the avalanche path. Solid 
lines indicate the signal during the avalanche 
event, dashed lines the background signal right 
before the event. (b,c) Time-evolution of the 
integrated velocity spectra of the three range 
gates covered by the avalanche path. Each time 
step lasts 10 seconds. 
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avalanche and impede its detection. Choosing a 
wind-protected location and mounting the 
microphones in trees has turned out to be a good 
approach to this issue. Electromagnetic 
interference from antennas or power lines should 
also be considered a disturbing influence and can 
be countered with properly shielded cables. 
The radar-based detection systems proved to be 
less prone to environmental perturbations. It is, 
however, limited to localized avalanche paths and 
not suitable, in contrast to infrasound monitoring, 
for the surveillance of wide precipices or complex 
terrain with multiple avalanche paths. 
Nevertheless, we will test radar antennas with a 
larger aperture angle (> 10°) suitable for wider 
slopes next winter. 
 
Further improvements for next winter include the 
choice of improved locations both for infrasound 
and radar-based systems. We will test the refined 
detection criteria for the infrasonic systems and we 
will define operational detection criteria for the 
radar systems. 
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