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ABSTRACT: The seemingly simple questions of when and where avalanches have released are difficult to
answer for large avalanche forecasting regions, especially during severe weather conditions. This imposes
significant uncertainty to the regional avalanche forecasts. We have developed an innovative solution to
this problem. We built an automatic processing chain that within roughly one hour after Sentinel-1 image
acquisition downloads the radarsatellite images, runs an avalanche detection and tracking algorithm and
outputs detected avalanches and information on location, timing and extent. Sentinel-1 data is freely and
consistently available and independent of light and weather conditions. Therefore, operational avalanche
activity monitoring became feasible and was tested in four forecasting regions in Norway. In this paper,
we introduce the technical solutions behind our automatic processing chain, evaluate the avalanche detection
algorithm’s performance (82 % maximum correct detection rate) and show results from two forecasting regions
in Northern Norway from the winters of 2016-2017 and 2017-2018. As the Sentinel-1 constellation covers the
entire planet, we evaluate the feasibility of avalanche detection in any snow-covered mountain area worldwide.
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1. INTRODUCTION

In conventional avalanche forecasting, avalanche
occurrences are considered as class 1 stability data
of low uncertainty (McClung, 2002). This implies
that consistent and reliable spatio-temporal infor-
mation on avalanche occurrences exist. However,
the seemingly simple question of when and where
avalanches have released in a given forecasting re-
gion is with conventional field monitoring not an-
swerable.

We have developed an innovative solution to this
problem by building an automatic avalanche detec-
tion algorithm that detects avalanche debris in radar
satellite images provided by the Sentinel-1 constel-
lation (Vickers et al., 2017). This detection algorithm
is built into a near-real time processing chain that
within roughly an hour after radar image download
produces a geodatabase with detected avalanches
and associated metadata on timing, location and
size.

This paper presents our operational avalanche
detection processing chain and evaluates its per-
formance. Following this technical description, we
briefly present the algorithm’s raw data output ex-
emplified on two winters of avalanche detections
in Northern Norway. Finally we assess if opera-
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tional avalanche detection using Sentinel-1 is fea-
sible globally.

2. DATA AND METHODS

2.1. Automatic avalanche detection processing chain

We have developed an automatic avalanche detec-
tion processing chain that (1) downloads Sentinel-1
images, (2) pre-processes them, (3) runs them
through an avalanche detection algorithm and a
(4) tracking algorithm and (5) outputs detected
avalanches and meta-information on avalanche
extent and location (Figure 1). Avalanches are
detectable due to their high surface roughness
compared to undisturbed snow surrounding them
(Eckerstorfer and Malnes, 2015) (Figure 1).
(1) Downloading of Sentinel-1 images is
done via the Copernicus Open Access Hub
(https://scihub.copernicus.eu/).

(2) Pre-processing involves geocoding and terrain
correction of single backscatter images and the con-
struction of change detection image pairs showing
changes in backscatter within a 6-days period (Fig-
ure 1b). It also involves the construction of masks
that delimit areas where avalanche debris can oc-
cur, thus areas affected by radar shadow and lay-
over effects, water bodies, dense forests and too
steep slopes are masked out.

(3) The avalanche detection algorithm applies dy-
namic thresholding, filtering and segmentation to
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the change detection images and outputs a binary
geotiff-file with avalanche and non-avalanche areas,
with a minimum avalanche size of 10 pixel. A de-
tailed description of the algorithm is given in Vickers
et al (2017).

(4) The tracking algorithm then transforms the
avalanches into vectors and stores meta information
on avalanche size and location. It also associates
repeated detection of the same avalanche within a
6-days repeat cycle and aggregates them over time,
updating the meta information (Figure 1c, d). Due to
variable observation geometries the avalanche out-
line may be slightly changed from the first to the last
observation.

(5) We delivered the automatic avalanche detec-
tions to the Norwegian Avalanche Warning Service
on a daily basis during the winter 2017-2018 in four
forecasting areas in Norway.

3. RESULTS

3.1. Operational avalanche detection in Norway

We have provided the Norwegian Avalanche Warn-
ing Service with avalanche detections in an oper-
ational manner for the last two winters (2016-2017
and 2017-2018) in four different forecasting regions.
The data was made available via a FTP-server. In
the winter 2018-2019, the processing chain will be
run by the Norwegian Avalanche Warning Service,
incorporating the avalanche detections in their tech-
nical data information system that is used by the
forecasters in their decision making process.

Here we present raw results from two forecasting
areas (Troms and Lyngen) in Northern Norway. We
re-ran both winters with the newest versions of the
detection and tracking algorithms. The study area
encompassing both forecasting regions is roughly
120 x 90 km large, located at around 70 deg N.

3.2. Sentinel-1 coverage

Due to the high latitude of the study area, 477 and
486 Sentinel-1 images were available in the winters
2016-2017 and 2017-2018 respectively, resulting in
two images per day. These images covered the area
partly or completely. In Figure 2 we show the cov-
erage i.e. the number of satellite acquisitions per
pixel in the avalanche runout areas within a 6-days
repeat cycle. There is a general inhomogeneity in
coverage, however, a minimum of 4 images within
6 days is given. Steep terrain can be covered as
little as 1-2 times every 6 days due to layover and
radar shadow effects. The average coverage is 5.9
observations per cycle with a small fraction of pixels
(0.8%) having no coverage within 6 days.

Figure 1: The principle of avalanche detection with radar sensors
and a graphic representation of the steps involved in the auto-
matic processing chain from raster-based avalanche detection to
vectorization and storage in a geodatabase.

Figure 2: Sentinel-1 image coverage in avalanche runout areas
per 6 day repeat cycle.

3.3. Algorithm performance

We validated the performance of the detection and
tracking algorithm against manual interpretation in
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Figure 3: Topographic map of the study area around the city of Tromsø, Northern Norway with detected avalanche activity colored
according to winter.

six images. The probability of detection (POD)
ranged between 82.0% and 55.7% with correspond-
ing false alarm rates (FAR) of 26.4% and 13.8%.
Heidke Skill Scores (HSS) ranged between 0.599
and 0.425 respectively. The variation in detection
performance stems largely from the algorithm’s de-
pendency on the snow conditions in the change
detection images. If snow went from dry to wet,
which resulted in a net decrease in backscatter in
the change detection image, avalanches were de-
tectable with POD’s ranging in the 80% range. The
reason is the large backscatter difference between
avalanches and surrounding undisturbed wet snow,
as avalanches exhibit relative high backscatter due
to their rough surface. Vice versa, a net decrease
in backscatter as a consequence of wet snow turn-
ing dry, resulted in a small relative backscatter dif-
ference between avalanches and surrounding snow.
The algorithm then tended to overdetect and falsely
delineate large slopes as avalanches.

3.4. Automatically detected avalanche activity

With these shortcomings in mind, we present a
map with detected avalanche activity from two win-

ters (2016-2017 and 2017-2018) without any post-
processing to eliminate known false alarms (Figure
3). A qualitative examination of the meteorological
records reveal quite different meteorological condi-
tions in both winters. 2016-2017 was character-
ized by highly fluctuating air temperatures accom-
panied with either heavy rain or snow from frequent
low-pressure activity. 2017-2018 on the other hand
was characterized by a prolonged dry and cold spell
from mid January to end of March. This resulted
in nearly 80% more avalanches detected in winter
2016-2017 than in winter 2018-2019. Due to the
higher avalanche activity in 2016-2017, the spatial
occurrence of avalanche activity was larger in ex-
tent, affecting more slopes (Figure 3). A quantita-
tive comparison of both winters, however, yields no
differing spatial trend in avalanche activity between
winters. In fact, nearly 70% of all avalanches in
2018-2019 overlapped with detections from 2016-
2017, indicating annually avalanche prone locations
(yellow markers in Figure 3). Note that a large
portion of avalanche activity occurred along the ex-
posed road network.

Proceedings, International Snow Science Workshop, Innsbruck, Austria, 2018

335



4. DISCUSSION AND CONCLUSION

4.1. The Sentinel-1 radar-satellite constellation

The Sentinel-1 constellation (S1A S1B) flies in a
sun-synchronous near polar orbit around the globe.
The satellites fly towards and from the North Pole in
an ascending and descending orbit respectively. As
a result, all global land masses are covered within
6 days using unique repetitive satellite paths. Us-
ing multiple satellite paths and geometries that over-
lap results in revisit frequencies of roughly 3 days in
equatorial regions and 1 day at high latitudes.

Using radar satellite data for avalanche detection
is advantageous in a number of ways. Active radar
sensors illuminate Earth’s surface using microwave
radiation and are thus independent of weather and
light conditions. The Sentinel-1 constellation de-
livers free radar data in a consistent manner, en-
abling near-real time monitoring of medium sized
avalanches almost anywhere on Earth (Figure 4).

Figure 4: Key characteristics of Sentinel-1 avalanche detection.

4.2. Worldwide avalanche detection using Sentinel-1

The Sentinel-1 constellation covers all snow-
covered mountain regions worldwide with the ex-
ception of the Transantarctic Mountains (Figure 5).
For avalanche activity monitoring, the availability of
ascending and descending orbit data is important.

Only then, all slope aspects can be monitored due to
the side-looking geometry of the radar sensors. All
avalanche warning services in Europe can expect
Sentinel-1 data with a maximum revisit frequency of
6 days, with Iceland suffering from only single orbit
data. The North American avalanche forecasting re-
gions are all covered by ascending and descending
orbits with a revisit frequency of 12 days (Eckerstor-
fer et al., 2018).

Figure 5: Relative amount of mountain regions divided by conti-
nent covered by Sentinel-1 data. Coverage frequency of multiple
orbits is not considered here.

4.3. Limitations of remote sensing and road ahead

Remote sensing has its limitations. An accurate as-
sessment of the probability of detection compared to
real-world avalanche activity suffers from the com-
parison of datasets of very different size. We are
therefore unsure how many avalanches we are not
detecting. A comparison with field observations of
45 avalanches (wet and dry, D1.5-D4) in Northern
Norway reveals a POD of 75%. The improvement of
our understanding of which type of avalanche is de-
tectable under which conditions is critical in improv-
ing automatic avalanche detection. We are currently
collecting a dataset on surface roughness and snow
parameters from different avalanche types that can
be incorporated in microwave emission models of
snow. We are furthermore experimenting with the
use of machine learning techniques in automatically
detecting avalanches in radar images in order to
confidently boost the POD (see companion paper
in these proceedings by Kummervold et al.).
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