A UNIVERSAL WARNING SYSTEM FOR DEBRIS FLOWS, DEBRIS FLOODS
AND SNOW AVALANCHES
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ABSTRACT

The automatic detection and identification of alpine mass movements like debris flows, landslides or snow avalanches has been of in-
creasing importance for mitigation measures in densely populated and intensively used alpine regions. Since these mass movements emit
characteristic seismic and acoustic waves in the low frequency range, several approaches for detection and warning systems based on these
signals have already been developed. Yet a combination of both methods, which can increase detection probability and reduce false alarms,

is still used rarely.

This work presents an approach for a detection and identification system based on a combination of seismic and infrasound sensors, which
can detect mass movements in real time directly at the sensor site, identify the process type and estimate the magnitude of the event. This

system setup is low cost and easy to install and can therefore be extended to an early warning system for different applications.

INTRODUCTION

The automatic detection and identification of sediment related disasters like landslides, debris flows and debris floods, as well as snow
avalanches is an important task for hazard mitigation and early warning. Although different warning systems like wire sensors, radar, ultra-
sonic sensors (flow depth) etc. already exists, most of the present methods need sensors placed in or above the process itself, which leads
to expensive structures and continuous maintenance to ensure steadiness and stability. Past studies showed that such processes induce
characteristic seismic signals (e.g. Burtin et al. 2014) and acoustic signals in the infrasonic spectrum (e.g. Kogelnig et al. 2014) which can
be used for event detection from a remote location unaffected by the process. So already many works has been done on signal processing
and detection methods based on seismic (e.g. Walter et. al. 2017) or infrasound sensors (e.g. Marchetti et al. 2015). But the combination of
seismic and infrasound signals has been researched rarely and up to date no system has been developed which uses a combination of both

technologies for an automatic detection of the three different mass movements: debris flows, debris floods and snow avalanches.

So this work presents an approach for a detection and identification system based on a combination of seismic and infrasound sensors for
alpine mass movements (Schimmel et al. 2017, 2018). The benefits of these methods include independence from weather conditions with
regard to visibility, no structural need for sustainability, same system for different kind of mass movements and monitoring from a remote
location unaffected by the process. This approach can also offers a first estimate of the peak discharge and the total volume of debris flows
and debris floods based on the infrasound and seismic signals (Schimmel and Berti 2023). The results of this method are presented in exam-

ple of a debris flows at the test site Illgraben (Valais, Switzerland) and a snow avalanche recorded at Dischma (Graubiinden, Switzerland).

METHODS

System setup

The MAMODIS system (MAss MOvement Detection and Identification System) is based on a modular setup to offer an inexpensive and
practical solution for different applications. The infrasound sensor used for the MAMODIS system is a modified differential pressure sensor
of the type Sensirion SDP816 with a measurement range from 12.5 to 125 Pa. As seismic sensors, we use the Sensor NL SM-6 with a sen-
sitivity of 28.8 V/m/s and a natural frequency of 4.5 Hz. The system offers the possibility for a second geophone input, which can be used
for an estimation of the mass movement velocity. The process velocity is calculated via cross-correlation of booth seismic signals (Schimmel
et al. 2022).

The sensor signals have to be adapted for the input of the microcontroller, which is done by a non-inverting OPV circuit and band pass
filtering. These input signals are sampled by the microcontroller ADC (analog-to-digital converter) with a sample rate of 100 Hz. A Texas
Instruments development board with the microcontroller TM4C129X is used for the data processing and as data-logger. The development
board has two 12-bit ADC modules, eight UARTs (Universal Asynchronous Receiver Transmitters), several GPIOs (General Purpose Input/
Output), which can be used as alarm outputs, and a Liquid Crystal Display (LCD) with touchscreen function. It also offers the possibility
of an Ethernet connection. The data can be stored on a micro SD card where sizes of 8 GB, 16 GB or 32 GB can be used, and up to eight
months (32 GB, one geophone) of data can be recorded continuously. Besides the input of the sensor signals, the free ADCs offer the

possibility to log the flow height measured by a radar or ultrasonic gauge (input 4-20 mA), which can be used for event verification. If the
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test site is equipped with a standard internet connection, the communication with the system can be conducted via the Ethernet interface.
If there is no router available, we use a GSM module of the type Adafruit FONA. The system is designed to send a status message to a
server every hour, whereby the dates of the event detections or error messages are included. This server creates e-mail alerts in the case of
an event. A web-server is installed on this server as well, where the status and events of all stations can be checked (http://mamodis.ddns.
net/). The time synchronization of the station is done by either a connection with a time server via Ethernet or GSM module, or by a GPS
module. The alarm output can be done by Relays or via a radio link (LoRA) or as SMS. An overview of the hardware components and the
inputs and outputs of the system is given in Figure 1.

The system operates at a voltage of 5 V, provided by a DC-DC converter, which needs a power connection at a voltage range from 6.5 to 32

V. The system has low power consumption between 0.7 to 1.2 W which makes it very useful for standalone systems with solar power supply.
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Figure 1: System setup

Detection method

The developed detection algorithm analyses the evolution in time of the frequency content from the infrasonic and seismic mass movement
signals. Different frequency bands are used to analyse the infrasound signal, whereby a 3 to 15 Hz band characterises debris flows and a 15
to 45 Hz band is used for debris floods. For snow avalanches a 2 to10 Hz band is used for powder avalanches and a band from 11 to 40 Hz
is used for wet snow avalanches. For the seismic signals a frequency band from 10 to 30 Hz is used for sediment related mass movements
and a frequency band from 5 to 25 Hz is used for avalanches (Kogelnig et al. 2012). Three criteria have to be fulfilled for a specified Detec-

tion-Time (20 s for debris flow and debris flood; 8 s for snow avalanches) to identify events:

e The average infrasound and seismic amplitudes of the debris flow/debris flood or avalanche frequency bands have to exceed a certain
threshold (to distinguish between different event sizes, two limits are used: Level 1 (L1) and Level 2 (1L2)).

e  The average infrasound amplitudes of the debris flow/debris flood or avalanche frequency band has to be at least above a third (for
debris flows and powder avalanches) or a fourth (for debris floods or wet snow avalanches) of the amplitudes of the frequency band
below (to avoid false alarms due to wind).

e The variance of the seismic and infrasound amplitudes have to be under a certain limit (to avoid false alarms from artificial sources)

e The map in Figure 2 shows an overview of the currently equipped sites (blue dots: snow avalanches, red dots: debris flow). Data and

further information of these sites are available at http://mamodis.ddns.net.
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Figure 2: MAMODIS in the Alps (2023)

RESULTS AND DISCUSSION
Detection example: Debris flow

Since 2015 the system is installed a

t the Illgraben, near Leuk in the canton Vallis in Switzerland. The catchment area of 9.5 km? extends from

the summit of the Illhorn at 2716 m a.s.l. down to the Rhone valley at 610 m a.s.l. and is one of the most active debris flow catchments in

the Alps. The debris flow used as
39.738 m3 (de Haas et al. 2022).
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Figure 3: (a) Infrasound time series, (b) Seismogram; (c) Average amplitude of the three frequency bands of the infrasound signal; (d) Average amplitude of the frequency band of the seismic

signal; (e) Running spectrum of the infrasound

base of time.

signal; (f) Running spectrum of the seismic signal; Lines: time of detection for Level 1 and Level 2. Signals are represented with a common
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The event was detected at sec. 2337 for Level 1 and at 2479 s for Level 2. So the time between detection and passing of the first surge at
the sensor site (2561 s) was 224 s for Level 1 and 82 s for Level 2 which is an adequate time for early warning. The total volume calculated
based on the infrasound and seismic signal was 15.445 m3 which underestimate the measured total volume, but the estimation of the peak

discharge of 50 m3/s fits very well with the measured peak discharge.

In total, 33 Level 1 events and 58 Level 2 events (debris flows, debris floods as well as high discharge with sediment transport) have been
detected since 2015 on all sites listed in the map at Figure 2. A total of 19 events were not detected on the Illgraben and Gadria sites because
there were temporary problems with the power supply or with the infrasound sensor. At the stations Gadria, Torrente Ble, Torrente Cobello
and Lattenbach a series of false alarms occurred, which were all caused by construction work in the channel close to the station (construc-
tion of riprap, work on protection structures or clearing of retention basins). However, since this work can be delimit in time, it is possible
to clearly identify these false alarms and they can be avoided by temporarily increasing the threshold values of the detection algorithm. No

false alarms occurred at the other stations during the entire runtime.

Detection example: Snow avalanche

Dischma is an avalanche exposed valley close to Davos in Graubtinden, Switzerland. Due to the high frequency of avalanches this valley
has been chosen as avalanche test site by the SLF (WSL Institute for Snow and Avalanche Research). Since the Winter 2019/20 a MAMODIS
system is installed in cooperation with the SLF on the northern hillslope. The system is placed in a height of 2300 m a.s.l. close to an ava-
lanche path which has a starting zone around 2600 m a.s.l. at the Sattelhorn and goes down to Diirrboden at 2007 m a.s.l.. The avalanche

used as example here occurred in the evening of the 02.02.2022.
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Figure 4: (a) Infrasound time series, (b) Seismogram, (c) Average amplitude of the three 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 detection. Signals are represented with a common base of time.
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The event was detected at 187 s for Level 1 and at 188 s for Level 2, which is already after the avalanche passed the sensor site (183 s). The
main problem of this detection method is the short event duration of avalanches compared to the longer duration of debris flows and the
lower amplitudes. Due to this short duration and the low amplitudes, a lower detection time and lower amplitude thresholds are necessary
which results in a higher susceptibility to false alarms compared to the method for sediment related mass movements.

Due to the previous low-snow winters and the rather low location of the Lichtenberg and Hechenberg stations, there have been no events
at the stations and there also occurred no false alarms there. A total of six avalanches were recorded at the Dischma station in the season
2019/2020 and 2020/2021, whereat five avalanches were rather small events that were only detected in the infrasound spectrum. There were

also four false alarms, but the source could not be precisely assigned.

CONCLUSIONS

This paper presents an approach of a debris flow/debris flood and avalanche detection system based on a combination of seismic and infra-
sound sensors. The combination of both sensor technologies increases the detection probability and minimizes false alarms. So with these
complementary technologies it will be possible to build up a reliable warning system which can detect avalanches as well as debris flows/
debris floods in real time directly at the sensor site and comes along with only one seismic and one infrasound sensor (co-located). The use
of a microcontroller for the calculation of the detection algorithm makes the system very flexible, low energy consuming and cost-efficient
and opens the possibility for several applications. So future applications of this system could be protection of infrastructure like traffic lines
by controlling a traffic light, information about events to check the status of technical protection measure (e.g. fill level of a retention basin
or debris-flow net), protection of construction sites inside the channel (e.g. for cleaning up a basin after an event), or at regions where a
temporary protection is sufficient. Since the material cost of such a system is low and the installation is very easy, this setup may be used
especially at sites, where the necessary founding for expensive torrent and avalanche barriers are not available, or where immediate pro-

tection measure are necessary.

However, the application of seismic and infrasound sensors for monitoring and detection of alpine mass movements is not a straightforward
task. Understanding the propagation and attenuation mechanisms of seismic and infrasonic waves and the background noise characteristics
in the study conditions is crucial for the interpretation of the recorded seismic and infrasonic signals and the development of a detection
algorithm. The equipment and the placement of the sensors have to be chosen carefully.

In summary this work shows, that the combination of one infrasound and one seismic sensor and the use of a microcontroller can offer a

good basis for an easy to install, and inexpensive warning system for different kind of alpine mass movements.
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