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Abstract. We show the use of Distributed Acoustic Sensing for analyzing seismic signals from snow avalanches. For three
winter seasons, we continuously recorded seismic data using Distributed Acoustic Sensing (DAS) on a standard telecommuni-
cation fiber along a mountain road in Grasdalen, western Norway. Multiple snow avalanches were registered, alongside various
other signals, such as road traffic and detonations from remote avalanche triggering. We describe the signal characteristics of
natural and manually triggered avalanches and present a comparison with other observed signals in both time and frequency
domain. Our frequency analysis shows that avalanche signals are most visible between 20-50 Hz.

For larger avalanches, we observe weak low-frequency precursor signals, which correspond to the avalanches approaching to-
wards the fiber. The more prominent high-amplitude signals appear to be produced by the snow masses impacting the stopping
cones or the steep terrain near the road. For a smaller, naturally released avalanche, we observe impulsive signals, interpreted
as the snow mass stopping. These results agree with earlier studies that used geophone measurements.

Automatic detection, tested with simple STA/LTA thresholds in the 20-50 Hz range, presents challenges due to false positives
from road traffic. Further refinement and testing are required to improve detection reliability in this complex environment.
Our study represents an initial exploration into the application of Distributed Acoustic Sensing for snow avalanche detection,

showcasing its potential as an effective monitoring tool for long road networks in mountainous regions.

1 Introduction

Snow avalanches and landslides pose a considerable risk to road safety and infrastructure in Norway (Bjordal and Larsen,
2009). According to Lunde and Nja (2019), this problem will become even more prevalent in the following years with ongoing
climate change. Avalanche monitoring systems can help improve road safety by enabling immediate and automatic road clo-
sures when necessary. By gathering real-time observational data about avalanche activity, these systems can reduce the risk of
vehicles entering avalanche-prone areas. In addition, assessing whether vehicles were present near the danger zone during an
avalanche helps determine whether a rescue mission is required.

Avalanche detection and monitoring have previously been done using either optical remote sensing or acoustic/seismic meth-
ods. Optical systems such as doppler-radar (Schreiber et al., 2001) or webcams (Fox et al., 2024) require direct line of sight and

are limited in their spatial coverage. In the case of webcams the detection capability can be strongly decreased by bad weather
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conditions such as heavy snowfall. The second type of detection systems makes use of acoustic or seismic waves generated
by avalanches (Surifiach et al., 2001). They offer long detection distances up to a few kilometers (Marchetti et al., 2019) and
immunity to bad weather conditions. Additionally, no direct line of sight is necessary.

Seismic signals of snow avalanches were first recorded by St. Lawrence and Williams (1976). Using observations from Vallée
de la Sionne in Switzerland, Surifiach et al. (2001) showed that seismic sensors can be used for studying avalanche character-
istics. Analyzing seismic data from the same test site, Biescas et al. (2003) demonstrated that running frequency spectra show
a gradual increase in higher frequency signals as the avalanches approach the geophone placed in a bunker at the valley floor,
resulting in a triangular shaped spectrum. This was observed for large avalanches that reached the sensor. Smaller avalanches
which stopped 1000 m or further away from the sensor did not exhibit this triangular shape. Pérez-Guillén et al. (2016) studied
frequency signatures of both dry and wet avalanches using geophones. For powder snow avalanches, the majority of seismic
energy was found below 10 Hz, produced by the turbulent flow part at the front of the avalanche. For wet snow avalanches
however, most of the seismic energy was generated by the dense flow regime, resulting in signals with a frequency content
mainly above 10 Hz. Recording and locating multiple avalanche signals can be achieved by utilizing a geophone array in com-
bination with beam-forming algorithms (Lacroix et al., 2012) or statistical models (Heck et al., 2018).

Distributed Acoustic Sensing (DAS) is a technology that utilizes optical fibers for measuring dynamic strain or strain rate along
the cable’s axial direction. This is achieved by sending laser pulses into the fiber and recording the backscattering, subsequently
extracting phase differences between different back-scattered light bits. The phase difference measurement can either be per-
formed between the backscattering response from adjacent regions of fiber for the same incident pulse or between successive
pulses but for the same region of fiber. Phase differences are then converted to strainrate or strain (Waagaard et al., 2021). DAS
has been successfully tested and proven useful in a wide range of seismic applications, from oil and gas exploration (Liu et al.,
2024) over monitoring of wells (Horst et al., 2015), urban activity (Lindsey et al., 2020), tides (Buisman et al., 2023), whales
(Bouffaut et al., 2022) to microseismic events (Walter et al., 2020). It offers both high spatial and temporal resolution, with
sensing distances in the meter range (Waagaard et al., 2021) and a frequency resolution between 0.01 Hz (Taweesintananon
et al., 2023) and 50 kHz (Parker et al., 2014), depending on the interrogator. Since existing telecommunication fibers can be uti-
lized there is a great potential for monitoring applications without the immediate need of new installations. The key advantage
over local installations like radar, geophones, and infrasound systems is that with a single interrogator, more than 100 km of
fiber can be monitored continuously (Waagaard et al., 2021), potentially enabling the observation of multiple snow avalanche
sites using just one setup.

First detection tests of triggered snow avalanches with DAS were conducted by Prokop et al. (2013). Using a fiber following
an avalanche path, Fichtner et al. (2021) were able to observe snow avalanche signals and differentiate between flow regimes.
Paitz et al. (2023) employed an unsupervised clustering algorithm (Bayesian Gaussian Mixture Model) on a set of features ex-
tracted from DAS avalanche recordings from the same test site. Amongst other findings, they could recognize seismic far field
signatures before the avalanche hit the fiber. This gives hope for a realistic monitoring system where the sensor position does

not necessarily lie in the avalanche path but is instead situated some distance away from it, such as a telecommunication fiber
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in a valley. Within this paper, we present results from a seismic avalanche test monitoring system in western Norway based on

Distributed Acoustic Sensing (DAS), utilizing a standard telecommunication fiber along a mountain road as the receiver.

2 Monitoring Site Description

During the winter seasons of 2021/2022, 2022/2023 and 2023/2024 we recorded DAS data in the mountain valley of Grasdalen
in the region of Innlandet, Norway. The measurement period was approximately 4 months for each season. The DAS survey
was conducted on a 2 km section of a single mode standard telecommunication fiber buried next to the road.

The environment surrounding the road changes throughout the array: At both ends, the road is going into tunnels. In the middle
section it is housed in a concrete gallery that shields it from rockfall and snow avalanches.

On the part southwest of the bridge, the road runs next to 10 m high conical breaking mounds protecting it from avalanches
(labeled as cones). On both sides of the gallery, steel cattle grids are embedded into the road. Due to the changing surroundings
we expect to observe different noise levels throughout the array. The setup is displayed in Figure 1 and in Figure A1l (bird’s
eye perspective).

The DAS array is monitoring the avalanche prone east face of the mountain called Satreskarsfjellet. It stretches from 1300
m.a.s.l. down to the valley floor at 875 m.a.s.l. Between 950 m.a.s.l. and 1250 m.a.s.l. the slope is mostly between 30 and
35 degrees steep, with rocky bands in between that are up to 45 degrees steep (Norges vassdrags- og energidirektorat, 2024).
Avalanches can be manually triggered by setting off explosives. The detonation point is located at the top of the mountainside
at 1300 m.a.s.1. (see Figure 1).

The mountainside is simultaneously monitored with a commercial, infrasound-based avalanche detection system located 100
m east of the bridge. We do not have direct access to the infrasound data and can only use the event entries that are available
on Varsom Regobs (2024). Additionally, a webcam located near the bridge was used for verification of avalanche activity and
extent of avalanche runout zones.

Based on previous avalanche reports from Grasdalen on Varsom Regobs (norwegian web portal for registering and sharing
natural hazard warnings), the altitude difference and slope, we expect avalanches of up to size 3 (size level based on European
Avalanche Warning Services (3/1/2024)). This means avalanches of a length over several 100 m with a total volume of 10000
m?>, capable of crossing the road and destroying cars.

We recorded strain rate with an ANS OptoDAS interrogator with 2 m channel spacing, variable gauge lengths between 3.1 m
and 5.1 m and sampling rates of 250 and 500 Hz for different seasons. The gauge length in our system is defined as the length
of fiber over which phase measurements of the backscattered optical signal are spatially averaged (Waagaard et al., 2021). The
acquisition parameters utilized for each season can be found in Table Al. The interrogator is located at a service point inside

the southern tunnel (see Figure 1).






