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ABSTRACT: 

Avalanche risk management in ski resorts, along traffic routes, and for exposed buildings relies mainly on 

point-based measurements, field observations, avalanche cadastres, avalanche bulletins, and expert 

judgment, particularly during storms with limited visibility. At Brämabüel (Davos), three major avalanche 

paths threaten a cross-country ski track and the Dischma road, requiring timely operational decisions 

such as road closures or avalanche control, which could have considerable economic impact. During the 

2025/26 winter season, we implemented and tested an operational workflow that generates daily, spatially 

explicit probability indication maps of avalanche runout for direct use by local experts. The approach 

relies on an avalanche dynamics model that simulates both snow entrainment and the powder cloud. The 

model is driven by snowpack simulations forced by meteorological station data, low-cost lidar sensor 

and camera imagery. By coupling dynamic avalanche modeling with measurement-based information 

on snow cover, the framework provides a practical tool for near-real-time hazard assessment. During a 

storm event from 16–22 February, a spontaneous avalanche released at night, significantly depleting the 

release area. A subsequent artificial release remained small. Such changes in snow depth, which strongly 

affect avalanche formation and release, are not captured by station-based modeling. The lidar information 

helps to interpret the probability indication maps of the following days or even provides the basis to update 

them. This case study demonstrates how integrating modeling and remote sensing improves situational 

awareness and supports more robust decision-making under challenging observational conditions such 

as snowfall. The approach adds a complementary perspective for practitioners and will be tested across 

larger regions and different climatic conditions, while its effective use depends on defining robust decision 

thresholds (e.g., for road closures) in close collaboration with practitioners.
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1. INTRODUCTION

Operational avalanche control during prolonged 

snowfall events remains challenging, particularly 

when visibility is low or absent and direct assess-

ment of snow conditions in release zones is not 

possible. In such situations, local experts must 

decide whether ski runs, transport routes, or ex-

posed infrastructure can remain open, need to 

be closed, or require active avalanche control 

(Margreth, 2021). An important parameter is the 

amount of recent new snow stored in the release 

areas and avalanche tracks.

Probabilistic approaches have long been used to 

account for variability in avalanche occurrence and 

runout. For example, Keylock et al., 1999 used 

extreme-value statistics and frequency–magnitude 

relationships to estimate exceedance probabili-

ties for avalanche runout distances. More recent 

approaches increasingly combine observations, 
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snowpack information, and numerical avalanche 

simulations to estimate potential runout under cur-

rent conditions (Vera Valero et al., 2016; Sheng et

al., 2022; Mariani et al., 2024). Such approaches 

provide a basis for moving from long-term haz-

ard assessment towards model-based support for 

operational avalanche decisions.

In this paper, we apply a probabilistic frame-

work that combines meteorological station data, 

weather forecasts, snowpack simulations, and 

avalanche-dynamics simulations to provide daily 

forecasts of potential avalanche runout. The ap-

proach uses information from several meteoro-

logical stations in the Davos region to estimate 

the amount and properties of snow available for 

release. These estimates are used as input for 

avalanche-dynamics simulations, resulting in daily 

probability indication maps of potential avalanche 

runout.

Building on the frequency-based approach of 

(Glaus, Kleinn, et al., 2026), we implemented the 

methodology operationally during winter 2025/26 

at Brämabüel, Davos. Probability indication maps 

were calculated once per day using the snow and 
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weather information available at the time of cal-

culation. Each map represents the 24-h period 

from 12:00 on the respective day to 12:00 on the 

following day.

We focus on the snowfall period from 16–22 Febru-

ary 2026. During the night from 16 to 17 Febru-

ary, a large spontaneous avalanche released on 

the Brämabüel slope, followed by an artificial 

release five days later. These events provide 

a test case for comparing the simulation-based 

avalanche probability indication maps with the ob-

served avalanche activity.

2. METHODS

2.1. Study area and observations

The Brämabüel slope is located above the Dis-

chma valley near Davos, Switzerland. Several 

avalanche paths descend towards a cross-country 

track and the Dischma road. The cross-country 

track lies within the runout area above the road, 

while avalanches reaching the road subsequently 

flow into the counter-slope. We focus on the Wildi 

(track 1) and Rüchi (track 2) avalanche paths, 

shown in Figure 1. The location is described 

in more detail in (Glaus, Wikstrom Jones, et al., 

2025). Forest is not represented in the avalanche 

simulations. Runout in track 3 is therefore over-

estimated, as the braking effect of the forest is 

neglected. We show the results for completeness 

but focus mainly on track 1 and 2 in the discussion.

2.2. Daily snow and weather conditions

Meteorological observations were obtained from 

measurement stations in the Davos region (Ta-

ble 1). In addition, hourly terrestrial lidar mea-

surements were available for the Brämabüel slope 

based on the setup presented in (Ruttner, Voor-

dendag, et al., 2025). Differences between lidar 

measurements before and after an avalanche pro-

vide spatial information on changes in snow height 

in the release areas, avalanche tracks, and depo-

sition areas.

For each prediction day, we used SNOWPACK 

(Bartelt et al., 2002) simulations from seven IMIS 

stations (Table 1). We evaluated the snowpack 

simulations using information available before the 

respective prediction period. Meteorological fore-

cast data were then added for the following 24 h. 

We represented potential additional loading from 

wind-drifted snow with different wind-drift scenar-

ios. For each station, we considered two potential 

weak layers: the interface between the new snow 

and the old snowpack and the most unstable weak 

Figure 1: Overview of the Brämabüel slope with 

the four avalanche paths. Track 0 is protected by 

avalanche fences, track 1 is called Wildi, track 2 

Rüchi and track 3 Chaiseren. The road is shown 

as a white line with black borders, while the cross-

country ski-trail network is represented schemati-

cally by a single violet line.

layer in the old snowpack.

Table 1: Overview of the IMIS stations used to 

derive the daily snowpack scenarios at Brämabüel 

including the distance to the Brämabüel slope.

Station

Elevation

m a.s.l.

Distance

km

SLF 1563 3.0

Weissfluhjoch 2536 5.6

Bärentälli 2558 9.9

Hanengretji 2455 5.6

Frauentobel 2330 4.8

Lukschalp 2290 3.4

Kreuzweg 2290 8.0

2.3. Frequency approach

The probability indication maps were calculated 

using the frequency approach described by Glaus, 

Kleinn, et al. (2026). The fracture depths ob-

tained from the different stations, weak-layer types, 

forecast conditions, and wind-drift scenarios were 

grouped into 0.1 m bins. Their relative frequency 

defines the weight assigned to each fracture-depth 

class. The predicted snow temperatures were as-

signed to the corresponding temperature classes 

in the same way.
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2.4. Avalanche simulations and probability

indication maps

Avalanche runout was obtained from pre-

calculated RAMMS::Extended simulations 

covering the considered fracture-depth and 

snow-temperature bins as defined above. The 

simulations include snow entrainment and the 

powder-snow component. The maximum en-

trainment depth was assumed to correspond 

to the deepest detected weak layer. Snow 

density in the release area was estimated from 

SNOWPACK and assumed to be constant along 

the entire avalanche path. The simulations were 

performed on a 5 m grid. The simulated powder 

clouds remained weak throughout the simulation 

scenarios and are therefore not shown.

For each day, simulations corresponding to the 

predicted fracture depth and snow-temperature 

distributions were selected and weighted by their 

respective frequencies. The weighted simulation 

results were combined to generate a spatial prob-

ability indication map for the following 24 h. The 

procedure was repeated each day from 16–22 

February 2026.

Two potential release area (PRA) scenarios were 

considered, denoted Small and Medium PRA (Büh-

ler et al., 2018). In addition to the spatial maps, 

the probability that the simulated avalanche core 

reaches the Dischma road was extracted along 

the road. This provides the probability indication 

directly at the area of interest.

2.5. Predicted snow conditions

The predicted fracture-depth distributions vary 

throughout the event, with most scenarios between 

approximately 0.5 and 1.5 m. Snow temperatures 

are mainly between −9 and −5 ◦C.

The distributions change as new snow accumu-

lates, the existing weak layers are loaded, and the 

forecast temperature and wind conditions change. 

Avalanche activity within the Brämabüel slope 

does not automatically modify these input distribu-

tions.

3. RESULTS

3.1. Daily probability indication maps

A persistent weak layer had dominated the snow-

pack structure throughout the winter season up 

to the analysed event. Snowfall beginning on 14 

February in the evening added load to this snow-

pack and continued during the following days. Fig-

ure 2 shows the evolution of total snow height, 12-h 

new snow height, and air temperature at Weiss-

fluhjoch. At the beginning of the event, total snow 

height was approximately 105 cm. Snowfall inten-

sified during 16 February and continued through 17 

and 18 February, increasing the total snow height 

to approximately 180 cm. The largest 12-h new-

snow amounts reached approximately 30–35 cm, 

while air temperature remained well below 0 ◦C. Af-

ter a temporary decrease in snow height on 18 and 

19 February, further snowfall occurred on 19–20 

February and again on 21–22 February. Total 

snow height reached approximately 190 cm during 

the latter period, while air temperature increased 

and approached 0 ◦C on 22 February.

The resulting probability indication maps are 

shown in Figure 4. The two map columns show the 

Small and Medium PRA scenarios; the avalanche 

bulletin and observed avalanche activity are given 

in the right column. For both PRA scenarios, the 

largest probabilities occur within the established 

avalanche tracks, and the probability indication in-

creases during the first part of the snowfall period.

The calculation for 16 February represents the pe-

riod from 12:00 on 16 February to 12:00 on 17 

February. During this prediction period, a spon-

taneous avalanche released on the Brämabüel 

slope. The avalanche largely depleted the Wildi 

release area, leaving little snow in place, and also 

removed part of the snow cover in the Rüchi re-

lease area. Direct observation was not possible 

because of the ongoing snowfall and poor visibil-

ity. Comparison of lidar measurements before and 

after the event indicates that large parts of the 

snow cover in the release areas were removed 

and constrains the occurrence of the avalanche to 

before approximately 02:00 on 17 February. The 

measurements are presented in detail in (Ruttner, 

Wieser, et al., 2024).

Snowfall continued after the avalanche, and the 

meteorological measurements therefore indicated 

further loading. The probability indication maps 

calculated after the event continued to use the 

snow conditions derived from the station data and 

not from the Lidar. The calculations shown in Fig-

ure 4 do not account for the reduced snow depth 

in the release zones.

3.2. Probability indication along the road

The spatial maps show whether individual 

avalanche paths approach or reach the road, but 

the differences between days are easier to quantify 

directly along the road. Figure 3 therefore shows 

the probability that the avalanche core reaches 

each position along the analysed road section. 

Proceedings, International Snow Science Workshop, Whistler, BC, Canada, 2026

278



0

50

100

150

200

Sn
ow

 h
ei

gh
t [

cm
]

Total snow height
12 h new snow height

15 Feb 16 Feb 17 Feb 18 Feb 19 Feb 20 Feb 21 Feb 22 Feb 23 Feb
Date

15

10

5

0

Ai
r t

em
pe

ra
tu

re
 [°

C]

Figure 2: Measurements at IMIS station Weissfluhjoch of total snow height, 12-h new snow height, and 

air temperature from 15–23 February 2026.

The shaded areas denote four sections in which 

avalanche tracks intersect the road.

For the Small PRA, the largest values occur in 

track 3 at approximately 2.35 km along the road. 

The maximum probability indication reaches about 

60–65% on 17 and 18 February. Tracks 0–2 show 

lower values, generally below approximately 35%. 

The probability indication decreases during the 

later part of the snowfall period till the 21st as 

there was an increase in temperature.

The Medium PRA produces higher values along 

the road and affects a larger fraction of the road 

section. The temporal development remains simi-

lar to the Small PRA, with the largest values during 

the first part of the snowfall period.

4. DISCUSSION

The daily probability indication maps provided spa-

tially and temporally varying estimates of potential 

avalanche runout during the snowfall period from 

16–22 February 2026 as shown in Figure 4 The 

highest calculated probabilities occurred during 

the period with the largest observed avalanche ac-

tivity the 17 February 2026, and the maps identified 

the sections of the Dischma road most exposed to 

the individual avalanche paths.

The probability indication maps cannot yet be 

directly translated into a threshold for road clo-

sure. Their interpretation also depends on infor-

mation that is currently not included in the calcula-

tion, such as recent avalanche activity and local 

changes in the snow cover. In future implementa-

tions, such information could be incorporated by 

updating the fracture depth in individual release 

areas from lidar observations. Where the remain-

ing snow cannot be quantified reliably, recently 

Figure 3: Probability that the avalanche core 

reaches the Dischma road for the small PRA 

(top) and the medium PRA (lower) scenarios from 

16–22 February 2026. The shaded areas indicate 

the avalanche-track sections intersecting the anal-

ysed road section. The labels for track 0 and 1 are 

hidden behind the legend.

active avalanche paths could instead be indicated 

directly on the probability indication maps.

The calculated probabilities further depend on how 

well the avalanche-dynamics simulations repre-

sent the individual avalanche paths. This is partic-

ularly evident for track 3 (Chaiseren), where the 

simulated probability of reaching the road is con-

siderably higher than for the other paths. Forest 

and low vegetation within this path are not repre-
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Small PRA(a) Medium PRA 15 Feb 12:00 16 Feb 12:00

Avalanche bulletin
08:00 Danger 4-

New snow, old snow

17:00 Danger 4-New snow, old snow

Small PRA(b) Medium PRA 16 Feb 12:00 17 Feb 12:00

Avalanche bulletin
08:00 Danger 4-

New snow, old snow

17:00 Danger 4-New snow, old snow

Observed:
Spontanous avalanche during night 
Track 1 and 2

Small PRA(c) Medium PRA 17 Feb 12:00 18 Feb 12:00

Avalanche bulletin
08:00 Danger 4-

New snow, old snow

17:00 Danger 4-New snow, old snow

Observed:
Person-triggered avalanche
Track 2

Small PRA(d) Medium PRA 18 Feb 12:00 19 Feb 12:00

Avalanche bulletin
08:00 Danger 4-

New snow, old snow

17:00 Danger 4-New snow, old snow

Small PRA(e) Medium PRA 19 Feb 12:00 20 Feb 12:00

Avalanche bulletin
08:00 Danger 4-

New snow, old snow

17:00 Danger 4-
Wind slab, old snow

Observed: Small spontaneous avalanche
Track 1

Small PRA(f) Medium PRA 20 Feb 12:00 21 Feb 12:00

Avalanche bulletin
08:00 Danger 4-

Wind slab, old snow

17:00 Danger 4-
Wind slab, old snow

Observed: Small spontaneous avalanche
between Tracks 1 and 2

Small PRA(g) Medium PRA 21 Feb 12:00 22 Feb 12:00

Avalanche bulletin
08:00 Danger 4-

Wind slab, old snow

17:00 Danger 3+New snow, old snow

Observed:
08:00 artificial release
Tracks 1 2

0 25 50 75 100
Hit probability [%]

Road
Core outline

Figure 4: Daily probability indication maps with the avalanche bulletin and observed avalanche activity.
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sented in the simulations, although they increase 

the friction to avalanche flow. Simulations using 

the standard friction parameters therefore tend 

to overestimate runout in this path. Such path-

specific limitations need to be considered when 

interpreting the probability indication values.

The probability indication maps presented here 

were calculated from pre-calculated RAMMS::Ex-

tended simulations. The tool includes snow en-

trainment and the powder-snow component, but 

requires a comparatively detailed parameteriza-

tion of the avalanche dynamics. The probability-

mapping framework itself is not restricted to a spe-

cific simulation tool. In principle, other avalanche-

dynamics models can be used to feed the in-

puts files. For applications focusing on cold-snow 

avalanches, simpler avalanche-dynamics models 

that include snow entrainment, such as MoT-PRA 

(Vicari et al., 2025) or com1DFA (Tonnel et al., 

2023), could therefore also be considered.

5. CONCLUSIONS

The probability indication maps provide spatial in-

formation on potential avalanche runout under the 

predicted snow conditions. This is particularly use-

ful during prolonged snowfall and poor visibility, 

when direct observation of the release areas and 

avalanche tracks is limited or impossible. The 

maps also identify the sections of the road that 

are most exposed to individual avalanche paths 

and therefore provide local experts with additional 

information for the operational assessment.

For operational application, the maps need to be in-

terpreted together with observations of avalanche 

activity and local snow-cover conditions. The anal-

ysed event showed that lidar observations can 

provide information that is not contained in station-

based snowpack simulations and could in future 

be incorporated directly into the probability indica-

tion maps. Further evaluation over snowfall pe-

riods with different levels of avalanche activity is 

required before probability levels can be related to 

operational measures such as road closure.
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