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ABSTRACT
Glide snow avalanche activity is expected to increase in the future due to climate change. Half of the deadly avalanches on traffic routes 

in Switzerland between 2001 and 2021 can be attributed to glide snow avalanches. Currently used tools to assess the glide snow avalanche 

hazard demand thorough data collection and/or intensive field work on the scale of a single slope. Meaning that glide snow avalanche 

hazard assessment on a regional level by an engineering office is either expensive or neglected. This paper presents a spatial snow glide 

model (SSGM) applicable on a regional scale, that is capable of indicating slopes susceptible to glide snow avalanches by incorporating 

a digital elevation model and a landscape model. Both datasets are openly available throughout the European alps. The validation of this 

model with mapped glide snow avalanches indicated probabilities of detection (POD) of up to 90%. The model provides a first assessment 

and can act as a basis when doing regional glide snow avalanche hazard assessments.

INTRODUCTION
Gliding and creeping of snow as well as glide snow avalanches are natural hazards gaining importance not only within the scientific commu-

nity but also among professionals in local municipality-based avalanche committees, ski patrollers as well as with safety officers for railroad 

operations (Etter et al. 2011, Techel et al. 2013). The database registering deadly avalanche incidents in Switzerland by the Swiss avalanche 

research institute (SLF 2022) lists eight deadly incidents on traffic routes (streets, ski slopes etc.) in the past twenty years (01.10.2001 – 

30.09.2021). According to the accident reports in the winter reviews, four out of these eight incidents were caused by glide snow avalanches 

(Etter et al. 2008, Etter et al. 2011, Techel et al. 2013, Winkler et al. 2018, Zweifel et al. 2019). The importance of glide snow avalanches 

in such statistics is expected to increase in the future due to climate change, which could be creating conditions favourable towards the 

disposition and release of glide snow avalanches (Maggioni et al. 2019). So far, typical avalanche mitigation techniques such as the use of 

explosives to trigger avalanches did not prove to be a reliable technique applicable to this kind of avalanche. As a consequence the miti-

gation work mainly focused on the erection of structural barriers preventing the snow from gliding and creeping down slope (Leuenberger 

2003). In order to identify these areas where such structures should be erected two workflows are already established. (1) By Margreth 

(2013) which follows a checklist assigning points to different factors (e.g. ground roughness, slope type, soil humidity etc.) that influence 

the susceptibility of the slope to glide snow avalanches. After a certain threshold of these summed up points is reached this single slope 

is declared a possible release area for glide snow avalanches. (2) The model by Leitinger et al. (2008) analyses six different properties of 

a slope in order to estimate a possible snow glide distance in mm for a slope. Factors for this are for example the presence of forests, the 

winter precipitation sum (Dec - Mar) as well as the static friction coefficient measured on sight. Both of these techniques demand intensive 

and time consuming field work for each slope that is analysed. This makes these approaches burdensome when applied on a regional scale. 

As a result of that, this work attempted to create a model that is applicable on a regional level, is less time consuming and demands as little 

input data as possible in order to identify slopes that are susceptible to glide snow avalanches.

METHODS
The authorities of the Cantons of Bern, Grisons and Valais maintain georeferenced datasets where all avalanche mitigation measures are 

stored. For the development of this spatial snow glide model (SSGM) only mitigation structures that specifically focus on glide snow ava-

lanches were considered, such as wooden tripods, berm steps and ground impalements. These mitigation structures were saved in different 

data structures depending on the Canton they were coming from, therefore the dataset had to be homogenized. This standardized dataset 

resulted in 1164 polygons of glide snow mitigation structures projects, covering an area of 917’637 m2. For each polygon representing a 

glide snow mitigation structures project the mean elevation, mean slope angle and the mean aspect of the polygon was calculated using a 

digital elevation model with a spatial resolution of 2 m (Swisstopo 2021).

The developed SSGM builds on a semi-probabilistic part and a deterministic part. The insights gained with this glide snow mitigation struc-

tures analysis constructs the basis of the semi-probabilistic part. For this the normalized probability density function of each polygon char-

acteristic (mean elevation, mean slope angle and mean aspect) was calculated (fig. 1) and summed up resulting in the term SSGMp (eq. 1).
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Figure 1: Probability density functions resulting out of equation 1. Dotted line is a possible climate change adaptation due to the rise in the zero-degrees Celsius temperature line (NCCS 

2018).

Equation 1: The formula driving the SSGM. Made out of the SSGMp and the SSGMexclusion part.

The deterministic part builds on the ideas of Leitinger et al. (2008) and is the binary exclusion of slopes that, according to a literature review, 

are not possible release zones for glide snow avalanches. These include the following surface characteristics: x1 the presence of forests, x2 

a 10 m buffer around single trees, x3 high friction surfaces and x4 glaciers (eq. 1). The information about these surface characteristics for 

Switzerland can be extracted by the publicly available dataset SwissTLM3D (Swisstopo 2021b). The 10 m radius around single trees builds on 

the findings by Höller (2001) that trees standing closer than 20 m together can prevent snow gliding. High friction surfaces prevent the snow 

from gliding down slope and relies on the surface classes in the SwissTLM3D that provide the classes “rock”, “loose rock”, “unconsolidated 

rock” and “loose unconsolidated rock”. 

The combination of these two parts constructs the SSGM (eq. 1). By now applying this formula to a DEM and the SwissTLM3D, it is possible 

to calculate the SSGM for the area of interest. Values can range from 0 (low susceptibility to glide snow avalanches) up to 3 (high suscep-

tibility to glide snow avalanches).

In order to validate this dataset the avalanche database of the SLF was used. There, avalanches seen by their researchers, professional ob-

servers, other experts as well as from recreational enthusiasts are stored. This dataset consists of 10’048 glide snow avalanches in the Cantons 

of Bern, Grisons and Valais, stored as point data and spanning from 01. Jan 1941 until 27. Mar 2023. In order to validate the SSGM, the SLF 

point data was buffered by a radius of 10 m. In a next step, the maximum value of the SSGM within this 10 m buffered radius was extracted. 

If this maximum value of the SSGM was ≥1.8 this glide snow avalanche release zone was seen as a true positive. If the value of the glide 

snow avalanche was <1.8 it was marked as a false negative. By dividing the true positives by the sum of observations (true positives + false 

negatives) in this dataset the probability of detection (POD) can be calculated.

RESULTS AND DISCUSSION
The results when applying the SSGM can be seen in figure 2, this is the area of the Dorfberg (Switzerland), a well-known glide snow ava-

lanches slope. For this specific map extent there are 257 mapped glide snow avalanches. The SSGM classified 243 (94.6%) of these with a 

value ≥1.8, three (1.1%) were classified with a value of zero, while 11 (4.3%) showed values between zero and 1.8. 
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Figure 2: Map of the Dorfberg, colored shading indicates the SSGMs results, blue stars indicates the 257 glide snow avalanches from the SLF dataset.

When applying the SSGM to the Cantons of Bern, Grisons and Valais the calculated POD is 0.747. The POD for the Canton of Bern by itself 

is 0.905, for the Canton of Grisons it is 0.769 and for the Canton of Valais it is 0.569. One explanation for the better PODs in the Cantons 

of Bern and Grisons is, that in the Cantons Valais there were 261 glide snow mitigation structures projects mapped, while in the Canton of 

Bern 477 and in the Canton of Grisons 426 glide snow mitigation structures projects were mapped. Meaning that there are almost twice as 

many glide snow mitigation measures structures projects mapped in each of these Cantons compared to the Canton of Valais. Resulting in 

a preference of the model to better illustrate the glide snow avalanche problematic in the Cantons of Bern and Grisons. Additionally, when 

looking at the elevation part of the SSGM in figure 1, it becomes clear that the SSGM is indicating a raster cell above 2500 m a.s.l. to be less 

susceptible to glide snow avalanches in terms of its elevation. The Canton of Valais has a higher mean elevation compared to the Cantons 

of Bern and Grisons, resulting in a diminished performance of the SSGM in such areas. Furthermore the validation dataset must be treated 

with caution, although the first glide snow avalanche in this dataset is from 1941, 97.5% of these mapped glide snow avalanches occurred 

between 2016 and 2023. Resulting in the realisation that not all slopes that are susceptible to glide snow avalanches are depicted in this 

dataset. To emphasize this incompleteness of the validation dataset a picture published by Bebi and Ulrich (2008) shows the Dorfberg in 

1945 where at least 19 glide snow avalanches are visible (fig. 3). However, in the validation dataset not a single glide snow avalanche was 

mapped during this winter. When looking at the slopes indicating glide snow avalanches, these slopes have all been identified by the SSGM 

to be susceptible to glide snow avalanches, stressing the correct functioning of the model (fig. 4). Due to the fact that the validation dataset 

is not complete, a probability of false detections (POFD) is not feasible to calculate. 

As an additional measure to test the model, the SSGM was also applied to the Canton of Uri (Switzerland), an area that has not been taken 

into account during the development of the model. By applying the same validation method as with the other Cantons, a POD of 0.853 for 

the Canton of Uri has been achieved.

Figure 3: Picture of the Dorfberg from 1945 (Bebi and Ulrich 12008), where at least 19 glide snow avalanches are visible (blue areas indicated with green arrows). Meanwhile the SLF dataset 

indicate no glide snow avalanche activity in this period.
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Figure 4: Pseudo 3D image of the Dorfberg. Blue areas and green arrows indicate the glide snow avalanches seen in the picture in figure 3. Purple to orange shading indicate the results of 

the SSGM.

CONCLUSIONS
The goal of this work was to create a model that is capable of identifying slopes susceptible to glide snow avalanches on a regional scale. 

The intensive testing showed that this goal has been achieved and that the SSGM is a tool which can be applied by engineering offices or 

any other hazard assessing entity. However, it also needs to be highlighted that expert knowledge when working with this model is still 

needed. This due to the fact that it is not feasible to calculate a POFD, thus potentially including too many areas. Consequently, the SSGM 

is intended to be used as a first assessment and basis when evaluating the glide snow avalanche hazard on a regional scale. 

The POD of 0.853 for the Canton of Uri indicates, that the model is not only applicable to the three Cantons on which’s data it is built on 

but also on areas that share similar climatological and topographic characteristics, for example the European Alps. However, testing the 

applicability of the SSGM’s methodology to another region such as Norway for example, where similar data is available could be done in a 

later phase. Additionally, further development of this SSGM will be less focused on the incorporation of more detailed geospatial data but 

rather to improve the processing of existing, widely available data. One reason for this is the goal of having a tool that is broadly applicable 

to many areas and the other being the lack of knowledge about the processes leading to glide snow avalanches. 

A probable further application for the SSGM could be to investigate the impact of climate change on the occurrence of glide snow ava-

lanches. The report by the NCCS (2018) expects a rise in the zero-degrees Celsius temperature line of 400 to 650 m in Switzerland by the 

year 2060 compared to the period of 1981 to 2010. This upward shift could be incorporated into the SSGM by moving the elevation curve in 

figure 1a by 400 to 650m (dotted line) and then applying it to a DEM. This could be especially helpful in identifying slopes that are newly 

susceptible to glide snow avalanches due to climate change. This could help authorities or engineering offices to estimate future areas where 

mitigation measures must be applied.

REFERENCES
Bebi, P., & Ulrich, M. (2008). Gibt es immer mehr wirksamen Lawinenschutzwald. Informationsblatt Wald, 24, 1-3.

Etter, H. J., Zweifel, B., & Dürr, L. (2008). Schnee und Lawinen in den Schweizer Alpen. Hydrologisches Jahr 2007/08. WSL Berichte, Birmensdorf.

Etter, H. J., Zweifel, B., & Dürr, L. (2011). Schnee und Lawinen in den Schweizer Alpen. Hydrologisches Jahr 2008/09. WSL Berichte, Birmensdorf.

Höller, P. (2014). Snow gliding and glide avalanches: a review. Natural hazards, 71(3), 1259-1288.

Leitinger, G., Höller, P., Tasser, E., Walde, J., & Tappeiner, U. (2008). Development and validation of a spatial snow-glide model. Ecological Modelling, 211(3-4), 363-374.

633CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024



Maggioni, M., Godone, D., Frigo, B., & Freppaz, M. (2019). Snow gliding and glide-snow avalanches: recent outcomes from two experimental test sites in Aosta Valley 

(northwestern Italian Alps). Natural Hazards and Earth System Sciences, 19(11), 2667-2676.

Margreth, S. (2013). When should a hazard map show the risk of small avalanches or snow gliding. In International Snow Science Workshop (pp. 679-683).

NCCS (Pub.) (2018). CH2018 - Climate Scenarios for Switzerland. National Centre for Climate Services, Zurich.

SLF (2022). Tödliche Lawinenunfälle der letzten 20 Jahre. 1. Oktober 2001 – 30. September 2021. <https://www.slf.ch/de/lawinen/unfaelle-und-schadenlawinen/

toedliche-lawinenunfaelle-20-jahre.html#tabelement1-tab2> (State: 2022) (Accessed: 31.05.2022).

Swisstopo (2021). SwissAlti3D. Kartenblatt: Schweiz. Wabern, Schweiz.

Swisstopo (2021b). Swiss-TLM Karte, Kartenblatt: Schweiz. Wabern, Schweiz.

Techel, F., Pielmeier, C., Darms, G., Teich, M., & Margreth, S. (2013). Schnee und Lawinen in den Schweizer Alpen. Hydrologisches Jahr 2011/12. WSL Berichte, Bir-

mensdorf.

Winkler, K., Zweifel, B., Marty, C., & Techel, F. (2018). Schnee und Lawinen in den Schweizer Alpen, Hydrologisches Jahr 2017/18. WSL Berichte, Birmensdorf.

Zweifel, B., Lucas, C., Hafner, E., Techel, F., Marty, C., & Stucki, T. (2019). Schnee und Lawinen in den Schweizer Alpen: Hydrologisches Jahr 2018/19. WSL Berichte, 

Birmensdorf.

634CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024


