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Abstract 
This study addresses the complex nature of snow avalanches and how their location can be 

predicted, and thus avoided, when navigating through mountainous terrain during winter 

recreations. The avalanche risk in the ski area of Nuolja, in northern Sweden, was evaluated 

by an experimental implementation of the Avalanche Terrain Exposure Scale (ATES) which 

is a model for pre-trip planning and assessment of exposure to avalanches. The model 

includes a high level of subjectivity and thus requires some background knowledge in 

avalanche science. The parameters in ATES consider terrain characteristics and avalanche 

history to determine the exposure. Analysis was carried out by the use of GIS software which 

is a departure from the intended usage method. The model was implemented two times: 

Firstly, according to the original model and, secondly, through modifying ATES by including 

an altitude parameter which is a terrain factor that is not included in the original model. The 

results indicated that the highest exposure mainly residues in areas that have experienced 

avalanches in the past. Including altitude did not show any clear improvements, mainly due to 

difficulties in evaluating the results from a model that already includes the “ground truth”, 

which in this case were previous avalanches. It was concluded that ATES can be a valuable 

tool for avalanche prediction but the current model is not very well suited for GIS. 

Furthermore, the subjectivity in the model makes the results highly dependent on the 

producer. 
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Sammanfattning 
Denna studie behandlar den komplexa karaktären hos snölaviner och hur de kan förutsägas, 

och därmed undvikas, vid navigering genom fjällterräng under vinteraktiviteter. Risken för 

laviner i skidområdet Nuolja, i norra Sverige, utvärderades genom en experimentell 

tillämpning av The Avalanche Terrain Exposure Scale (ATES) som är en modell utvecklad 

för planering och bedömning av lavinexponering. Modellen innehåller en hög grad 

subjektivitet och kräver därför en viss bakgrundskunskap inom lavinämnet. Parametrarna i 

ATES behandlar terrängen och lavinhistoria för att bestämma exponeringen. Analysen 

utfördes med hjälp av GIS-programvara vilket är en avvikelse från den avsedda 

användningsmetoden. Modellen genomfördes två gånger: först enligt den ursprungliga 

modellen och sen även genom en modifiering av ATES med hjälp av att inkludera en 

höjdparameter, vilket är en terrängfaktor som inte ingår i den ursprungliga modellen. 

Resultaten visade att den högsta exponeringen huvudsakligen förekommer i områden som har 

utsatts laviner förut. Inkluderingen av höjdparametern visade inte några tydliga förbättringar, 

främst på grund av svårigheterna att utvärdera resultaten från en modell som redan omfattar 

utvärderingsdata, som i det här fallet var historiska laviner. Det konstaterades att ATES kan 

vara ett värdefullt verktyg för att förutsäga lavinriskområden, men den nuvarande modellen 

är inte väl lämpad för GIS. Vidare gör subjektiviteten i modellen att resultaten i hög grad 

beroende på användaren. 

 

Nyckelord: Laviner, Terränganalys, ATES, Höjdparameter, GIS, Nuolja  
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1. Introduction 
Avalanches are snow masses, driven by gravity, moving rapidly down mountain slopes. Each 

winter there is a considerable amount of both triggered avalanches and potential avalanche 

risk areas in the Swedish mountains. Around one million individuals reside in these areas 

each winter. Since the beginning of the 21st century, 9 people have died in avalanche 

accidents in the Swedish mountains (SMHI 2014). In the future, this number might increase 

due to the growing interest in off-pist skiing, off road snowmobile usage and a general 

increase in tourism (Naturvårdsverket 2014a).  
Varying climatic conditions during winter and spring leads to stratification in the 

snowpack where the snow layers have different mechanical properties such as cohesion and 

shear strength. This structure makes the snowpack susceptible to internal slides between the 

layers. The stability of the snow cover depends on many different factors that can be divided 

into fixed (e.g. slope and aspect) and varying factors (e.g. wind and precipitation)(Ancey 

2001). According to Mcclung and Schaerer (2006), snowpack instability evaluation “involves 

aspects of both science and art” and that there is no precise equations available. Furthermore, 

it is explained how field observations and experience are crucial.    
The exceedingly complex nature of avalanches has led to the development of several 

predictive models with different approaches (Ancey 2001). Predictive models are favourable 

for detection of instability that is a direct result of weather changes over large areas. For a 

specific backcountry avalanche hazard analysis however, it is crucial to investigate the terrain 

(Mcclung and Schaerer 2006).  

Parks Canada has developed the Avalanche Terrain Exposure Scale (ATES) which is 

a method of evaluating avalanche risk based on the terrain and past avalanches. The end 

product of the model leads to a categorization of the terrain into simple, challenging and 

complex exposure to avalanches. The initial goal with this method was to create a system for 

“pre-trip” planning, or to get an overview of the terrain, in contrast to “in-slope” decision 

making that backcountry visitors might encounter. A fundamental parameter of the terrain, 

aspect, is excluded in ATES since it is deemed irrelevant to larger scale applications the 

method originally was intended for. Aspect should however be considered on a slope scale 

(Statham et al. 2007). The 11 parameters that are treated in ATES include a high degree of 

subjectivity, with its frequent use of terms like mostly, generally and primarily when 

describing how parameters should be managed (Campell et al. 2012). The developers 

(Statham et al. 2007) describe how the next logical step would be to present ATES as 

polygons directly on terrain maps, instead of text in columns, which improves the way of 

presenting avalanche exposure to the public. Furthermore, according to Statham et al. (2007), 

attempts of doing this by implementing geographical information system (GIS) are in 

development. Large scale ATES-analysis has been carried out in avalanche risk areas in 

Sweden that are commonly visited by skiers and snowmobile users (Fjällsäkerhetsrådet 

2015). In this study, an attempt will be done to make an ATES analysis of the Swedish off-

pist mountain of Nuolja, with the use of GIS software. 

1.1 Aim 
The avalanche risk areas in Nuolja will be assessed through: 

 Implementation of high resolution, slope-scale, ATES analysis to classify the off-pist 

areas in Nuolja, Sweden 

 Comparison between ATES with and without altitude 

 Method development for including altitude in ATES 
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1.2 Assumptions and Limitations 

The lack of field experience, other than a general description of locations of past avalanches, 

creates difficulties implementing ATES accurately. Also, the high subjectivity is not well 

suited for a GIS-system that implements mathematical algorithms which need a quantitative 

input. The method tested in this study is also relatively new (2006) and amount literature 

about implementing GIS in the analysis is low. With this in mind, this study has to be 

considered an experimental ATES-analysis of avalanche exposure in Nuolja.  
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2. Background and Theory 

2.1 Avalanches 
The area in which avalanches move is called an avalanche path. This can then be divided in 

to start zone, track and runout zone. The start one is the upper part of the path where 

avalanches initiate, or are “triggered”. The avalanches then run along the track, until they 

reach the runout zones that are the lower area where the snow deposits and the avalanche 

stop. The general inclination angle for runout zones are 10° when looking at it statistically 

worldwide. The length of an avalanche path may vary between less than 50 meters to several 

thousand meters depending on avalanche size (Ancey 2001;  Mcclung and Schaerer 2006). 

The release of an avalanche can occur as two different types, loose snow release or 

slab release. These two can further be divided into wet or dry avalanches. The loose snow 

avalanches start in a point or area near the surface of a snow cover with little or no cohesion. 

From this point it then spreads out in a triangular pattern as snow beneath the starting point is 

integrated into motion. The cause for the initiation of a loose snow avalanche is that the 

critical angle of static friction is exceeded by the slope angle. The slab avalanche is a result 

from a collapse of a deep weak layer in the snowpack when the shear strength is exceeded by 

the shear stress, thus, leading to a fracture in the aloft cohesive layer and the dislodge of a 

unit of snow, a slab, that slide down the slope (Schweizer 1999)(Figure 1). The majority of 

dry slab avalanche release is due to high amounts of new snow that induce stress on a weak 

underlying snow layer by loading (Mcclung and Schaerer 2006).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An increase in the liquid water content in the snow leads to reduced shear strength and thus 

increased avalanche activity (Ancey 2001). Wet avalanche occurrence is still not well 

understood leading to challenges in predicting them (Baggi and Schweizer 2009). The dry-

slab avalanche is the most hazardous for backcountry activities and is responsible for most 

accidents both in Sweden and internationally, thus it is the most studied type (Göransson et 

al. 1984;  Mcclung and Schaerer 2006), and also the main focus in this study. 

The triggering of an avalanche can be divided into natural and artificial release where 

the artificial is caused by humans, e.g. explosives or skiing (Mcclung and Schaerer 2006).  

The majority of avalanches release naturally during or shortly after storm events. However, 

Figure 1: Slab avalanche release. 1: Shear stress on snow pack, 2: Weak layer collapse, 3: Fracture 

in upper snow cover, 4: Slab that slide down the slope. Modified from Sjölander (2004). 
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most avalanche victims are skiers that trigger the avalanche themselves where the snowpack 

is too weak to support the additional pressure applied by the skier (Schweizer 1999).  

2.2 The formation of an avalanche 
The complex interaction between meteorological conditions, terrain and snowpack are the 

basis of formation of weak deficit zones that could result in an avalanche (Schweizer 1999;  

Schweizer et al. 2003). According to Schweizer et al. (2003), there are a lot of uncertainties 

of where and when an avalanche will occur and there are no definite answers about all the 

involved processes given by current science. However, Schweizer et al. (2003) describes five 

essential factors for predicting avalanche occurrence; terrain, precipitation, temperature, wind 

and snowpack stratigraphy. 

2.2.1 Meteorological factors 

Precipitation 

Precipitation is mainly considering new snow deposition which is the most frequent cause of 

avalanches. This is due to the new additional weight influencing the balance between shear 

stress on any weak layer’s shear strength, leading to an increased risk for slab avalanche 

(Mcclung and Schaerer 2006). The intensity of the precipitation is also important to study 

since the weight of the new snow is slowly compressing the weak layer and increasing its 

stability. Therefore there is a competition between loading rate and stabilization rate 

(Schweizer et al. 2003). Another thing to consider with the precipitation of new snow is its 

density. The density can be an indicator of how the snowpack stratigraphy will develop. For 

slab formation the optimal density on the new snow is between 100 and 250 kg/m³, but they 

can also occur outside this density range (Mcclung and Schaerer 2006). 
 

Wind 

The way wind affect avalanche formation is through its impact on snow deposition. 

Prevailing wind direction in combination with snow precipitation is a way of finding 

favourable sites for avalanche release. Irregular deposition of snow (leading to locally high 

loading rate) and a higher amount of snow in general are common on the leeward sides of a 

mountain or a ridge (Schweizer et al. 2003). An example of this is the cornice, which is an 

accumulation of snow on the leeward side of a ridge, which can collapse and form an 

avalanche (National Avalanche Center). High wind speeds can also lead to wind packing of 

the snow on the windward side which can result in slab formation depending on the type of 

snow precipitation. If there is high winds without snow precipitation, winds might instead 

export weak surface layers from the windward side to rid the snowpack of future exposure to 

avalanches (Mcclung and Schaerer 2006). The wind direction can also change on several 

scales due to local temperature gradients or terrain features, which has to be considered 

(Schweizer et al. 2008). 

 

Temperature 

The main influence of on avalanche occurrence is snow metamorphism in which the 

temperature gradient plays a vital role (Logan 1992;  McClung 1996). The formation of 

bonds in the snow occurs both by molecular motion on crystal surfaces between neighbouring 

grains and by diffusion of water vapour through porosities in the snow. This process is called 

sintering (Mcclung and Schaerer 2006). Cold temperatures can lead to weakness in the snow 

due to slow sintering, while warmer temperatures enhance the sintering (Osborn 1982). Due 

to the low thermal conductivity of snow, these processes mainly affect the surface layer 

(Sturm et al. 1997).  

The most important thing to study when making temperature observations is the trend, 

or the rate of change. Rising temperature during heavy snowfall can lead to cohesive layers of 
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snow on top of weaker layers (that was deposited during colder temperatures) which creates 

suitable conditions for slab avalanches (Schweizer et al. 2003;  Mcclung and Schaerer 2006). 

2.2.2 Snowpack factors 

Snowpack instability is the result of successive snowfalls  and varying climatic conditions 

leading to stratigraphy and thus susceptibility to slides between the layers (Ancey 2001). 

Weak layers are most commonly formed at the snow surface and are then subsequently 

covered with new snow (Colbeck and Jamieson 2001). There are several drivers behind this 

stratigraphy and spatial variability in the snow pack, such as radiation and wind (Schweizer et 

al. 2008). The snowpack characteristics are mainly determined by the mechanical properties 

to withstand applied pressure, the shear strength. The physical properties of a snowpack that 

determine the shear strength includes, among others, density, temperature and bonding to 

adjacent layers. Generalizing, the two components of shear strength are friction and cohesion 

in the snow.  

The cohesion is the bond strength of neighbouring crystals and grains in the snow 

which is dependent on grain shape, grain size and density of bonds. Some examples of 

development of low cohesion snow layers are: i) during snowfalls with cold temperatures and 

relatively windless conditions, ii) when snow crystals have rounded or faceted shapes that 

stagnate bond formation or iii) when the snow becomes wet, leading to melting of bonds.  

Friction is the resistance to movement between grains in one layer and grains in a 

neighbouring layer, which is important in slab avalanche formation. Snow friction foremost 

depend on water content, texture and weight of snow layers above. Therefore friction 

increase with snow depth (Mcclung and Schaerer 2006). 

2.2.3 Terrain Factors 

Terrain is the only avalanche factor that is constant with time (Schweizer et al. 2003). 

Avalanches can occur on any slope with certain topographic characteristics, with the 

exception of slopes occupied by dense forest that function as anchors, holding the snowpack 

in place (Schneebeli et al. 1999;  Maggioni and Gruber 2003;  Mcclung and Schaerer 2006). 

According to BC NRS (2011), the forest density need to prevent avalanches is 1000 trees per 

hectare. 

Inclination 

For triggering of an avalanche, the slope inclination generally have to be in the range of 25° 

to 55° (Mcclung and Schaerer 2006). The majority of dry slab avalanches occur when the 

slope is >30° (Fjällsäkerhetsrådet) and the typical value is 38° (Perla 1977;  Schweizer 1999). 

For slopes inclining less than 25°, the shear stress and shear deformation is not sufficient 

enough to cause fractions and failures in the snowpack. For inclinations >55°, natural release 

of sluffs (loose-snow avalanches) prevents slab formation (Mcclung and Schaerer 2006). 

Slope inclination is one of, if not the most influencing parameter in avalanche occurrence 

(Maggioni and Gruber 2003;  Haegeli and Schweizer 2015). 

 

Aspect 

The direction of a slope, aspect, is another terrain parameter.  With aspect, the snow cover 

will vary in characteristics due to different exposure to wind and sun radiation (Mcclung and 

Schaerer 2006). In winter times, north aspect slopes (on the northern hemisphere) receive 

little direct heat from the sun and lose heat due to long wave radiation, leading to slow 

stabilization and a tendency to form weak layers. On the same time the melting during the 

day and freezing during the night, in the south aspect slopes, increase stability in the 

snowpack.  
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During spring, the snowpack in the north aspect slopes might instead be more stable since it 

is stabilizing at a steady rate with the air temperature increase and is shielded from the sun. 

The sun exposed south aspect slopes might instead experience instability due to rapid 

melting, leading to wet slab avalanches (Conway and Raymond 1993;  Mcclung and Schaerer 

2006). The orientation to prevailing wind  can also change snow pack properties (see section 

2.2.3) (Mcclung and Schaerer 2006). Statistics show that most avalanche accident occurs in 

north facing slopes. However, this is not based on slope usage which has to be considered 

(Mcclung and Schaerer 2006). 
 

Altitude 

The meteorological conditions of temperature, wind and precipitation, explained in section 

2.2.1, are more suitable for avalanche formation at higher altitudes where temperature is 

lower, wind speeds higher and precipitation amount increased. According to Gleason (1994), 

altitude have a highly significant relationship to avalanche start zone frequency. The 

variations in snow cover properties with altitude can also lead to varying stability in the upper 

and lower parts of a mountain side, potentially posing a problem assessing avalanche risk for 

backcountry activities. (Mcclung and Schaerer 2006).  

 

Surface Roughness  

Rough terrain surfaces will act as anchors to the snowpack and hold it in place. Some 

examples of this are boulders, trees and terrain terraces. The size and density of the anchors 

in proportion to the snow has to be considered however. If there is a sufficient snow depth, 

the anchors will become irrelevant to the large scale snowpack. The density of the surface 

roughness can affect avalanche frequency in two ways. High density of e.g. a forest will be 

an efficient anchor. Wide-spread trees or boulders, that penetrate the snowpack, might instead 

pose a weakness (Logan 1992;  Ancey 2001;  Mcclung and Schaerer 2006). 

 

Slope shape 

By examining the slope shape it is possible to further analyse avalanche occurrence. With 

convex slope, there is a tension in the snowpack that can cause shear fracture weakness and 

thus avalanche activity (Foehn et al. 2002;  Mcclung and Schaerer 2006). In concave slopes 

there is instead compression of the snowpack that can prevent smaller slab avalanches 

(National Avalanche Center). Looking at a slope in a transverse direction  profile, convexity 

and concavity can influence how snow is deposited (Luckman 1978). Locally high amounts 

of new snow increase weight on underlying snow and thus increase risk of avalanches. 

2.3 Value and methods of Avalanche forecasting 
Most off-pist skiing is done in near proximity to ski areas without requirement of 

considerable experience. In recent years however, the “top touring”, or skiing in unknown 

areas where you can’t get by ski lifts, has increased among Swedish skiers (Naturvårdsverket 

2014b). Avalanche warnings are usually issued by local avalanche centres that monitor 

weather and study the snowpack stratigraphy in the area to determine risk level and general 

topographic terrain features to avoid. Avalanche risk in Sweden is reported according to the 

North American Danger Scale which has five levels of avalanche risk from Low to Extreme 

and considers both likelihood of avalanche triggering and presumed size of avalanches 

(Appendix 2). In ski areas this can then be combined with local knowledge about where 

avalanches are frequent to implement preventive measures and reduce the risk of accidents. 

The most effective way to predict future avalanches is to look at the historical events 

(Perla and Martinelli 1976). A slope with history of avalanching is likely to experience more 

in the future. Avalanche dynamics include aspects of fluid-, particle- and soil mechanics, 
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making it very difficult to model. It is also hard to calibrate and improve models due to 

difficulties in collecting data from real avalanche events. This has led to the development of 

several different computational models that attempt to describe and predict avalanches with 

different approaches (Harbitz et al. 1999). There is no worldwide acknowledged model 

standard available that describes all avalanches adequately and, according to Harbitz et al. 

(1999) , there probably never will be. Among all methods of predicting avalanches, the most 

used types are statistical- and dynamical models (Ancey 2001).  

Statistical models are a way to estimate avalanche zones or their extent. A common 

model for this is the Norwegian statistical-topographical α-β model, developed by Lied and 

Bakkehoi (1980). This has been extensively used for avalanche mapping and land use 

planning. All statistical models rely on correlations between topography and runout distance, 

and need high resolution input data of profiles in historical avalanches (Harbitz et al. 1999;  

Barbolini et al. 2000;  Ancey 2001).  

Dynamical models attempt to describe the fluid like motions of avalanches 

mathematically (Barbolini et al. 2000). One of the most widely used dynamic model is the 

Savage-Hutter model, developed by Savage and Hutter (1991). This is designed to model 

avalanche motion and deformation from start zone to runout zone, based on the dynamics of 

mass movement of cohesionless granules (eg sand, grains and snow) (Hutter et al. 2005).  

Another method used is snowpack modelling, such as the SNOWPAK-model by 

(Bartelt and Lehning 2002), which was developed to predict and monitor the snow cover 

stratigraphy and predict the stability based on meteorological conditions. 

2.4 The Avalanche Terrain Exposure Scale 
ATES, developed by Parks Canada, is a method of categorizing terrain into Simple, 

Challenging or Complex exposure to avalanches (Statham et al. 2007). Its purpose is to 

extensively evaluate, describe and communicate avalanche terrain exposure to backcountry 

users, mainly skiers and ice climbers, planning a trip (line feature).  According to Campell et 

al. (2012), when a specific trip is not planned, the entire usage, or “play”, area should be 

evaluated according to ATES if possible. This is applied in this study for Nuolja, where 

skiers might take several different routes during a skiing session.   

 ATES is divided into a public communication model (Table 1) and a technical model 

(Table 2) which express the same concept but at different complexity, making it suitable for 

both public usage and experienced decision makers. Some of the rough descriptors in the 11 

parameters that are included in the technical model carry more weight than others. These are 

described in italic text font and defaults into that terrain exposure category or higher. Thus, if 

an area mainly includes terrain factors that correspond to the simple category, but one 

complex italicized descriptor, the area will be categorized as complex. Non-italicized 

descriptors carry less weight but their combination with the other factors has to be considered 

(Statham et al. 2007). There are four parameters considering the terrain: Slope angle, Slope 

shape, Forest density and Terrain traps. Another terrain factor that should be included when 

implementing ATES on a high resolution is Aspect. Six of the factors are related to previous 

avalanches: Avalanche frequency, Runout zone characteristics, Start zone density, Interaction 

with avalanche paths, Route options and Exposure time. According to Campell et al. (2012) 

these factors usually requires some field experience to be implemented. The last parameter in 

Glaciation which is more related to ice climbing. 

 According to the developers (Statham et al. 2007) the next logical step of ATES 

would be to implement it in GIS and there has been some attempts of doing this, e.g. 

(Delparte et al. 2008) who implemented ATES in combination with a statistical runout model 

to estimate avalanche paths in Glacier National park in Canada; Gavaldà et al. (2013) who 

implemented ATES in the Aran Valley in Central Pyrenees to improve the avalanche 
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Table 2: ATES technical model  

“Terrain that qualifies under an italicized descriptor automatically defaults into that or a higher 

terrain class. Non-italicized descriptors carry less weight and will not trigger a default, but must be 

considered in combination with the other factors.” (Statham et al. 2007). 

Table 1: ATES Public Communication model 

information in the area; or Campell and Marshall (2010) who mapped several snow mobile 

areas in British Columbia.  

According to Campell et al. (2012), a useful improvement, that also is applicable in 

GIS, would be to add a “no avalanche” category which could be useful for backcountry users 

when, for example, locating a suitable site to set camp.  An example of an area that might be 

categorized as no avalanche terrain is dense forest with 1000 trees per hectare (BC NRS 

2011). Campell et al. (2012) also discusses how an algorithm for automatically classifying 

exposure according to ATES would be preferred, but is not suitable in the current model 

which requires a degree of user knowledge since some parameters cannot be digitally 

modelled. Furthermore  
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2.5 Study Area 
The mountain of Nuolja is located at 68° north, 18° east, towards the west from 

Abisko in the municipality of Kiruna, Sweden (Figure 2). The landscape in the area show 

traces from previous ice ages and contain the famous u-valley of Lapporten. The highest peak 

of Nuolja mountain is located 1169 meters above sea level and the tree limit is generally at 

600 m.a.s.l. The trees are dominated by mountain birch (Betula pubescens) and other than 

that the vegetation is relatively low growing as a result of the high latitude. The annual 

precipitation is relatively low due to rain shadowing from the moist Atlantic eastward winds 

by mountains in the west. With less snow the avalanche risk might be relatively lower in 

Nuolja compared to western mountains. 

The topography of the study area (Figure 3) has a general aspect towards the east and 

the inclination is generally lower in the southern parts of the mountain than the northern. The 

ski area includes one ski lift stretching from about 390 to 900 meters above sea level. There is 

no prepared ski pist in Nuolja so the way back down to the lift is through off-pist skiing on a 

route of own choosing, or following one of the 16 recommended routes. Preventive measures 

for avalanche accidents are done in some areas close to the ski lift. Other than that, 

avalanches are a reoccurring threat for winter sport recreationists.  

  

Figure 2: Location of study area 

Figure 3: The study area in Nuolja 
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A B1 B2 B3 C

Factor Weight % Simple Challenging Complex A*Bx

Aspect 10 0.33 0.66 1 Cell value

Slope angle 25 0.33 0.66 1 Cell value

Slope shape 5 0.33 0.66 1 Cell value

Forest density 10 0.33 0.66 1 Cell value

Terrain traps 10 0.33 0.66 1
Cell value

Avalanche frequency 

(events:years)
20 0.33 0.66 1

Cell value

Start zone density 5 0.33 0.66 1 Cell value

Runout zone characteristics 5 0.33 0.66 1 Cell value

Interaction with analanche 

path/ Exposure time
10 0.33 0.66 1

Cell value

Sum 100 Index value

ATES index table

Table 3: The method of weighing the ATES technical model.  

3. Method 
Published literature, reports, proceedings and books was mainly studied in order to establish 

the theoretical framework for avalanche risk assessment in general and the Avalanche Terrain 

Exposure Scale, as well as defining key terms, definitions and terminology. An experimental 

implementation of the Avalanche Terrain Exposure Scale in a geographical information 

system (GIS) was also made. 

3.1 Data 
GSD-Höjddata, 2m+ - The two meter resolution digital elevation model (DEM) used, was 

acquired from Lantmäteriet (Swedish national land survey). It was developed by laser 

scanned points, taken every second meter, converted to a grid surface through Triangulated 

Irregular Network (TIN) interpolation. 

GSD-Vegetationsdata - Vegetation map from Lantmäteriet containing vegetation types in 

vector surfaces with description provided in attached document. The classification in the data 

has been done by interpretation of infrared flight photos. 

GSD-Ortofoto – Orthophoto grid from Lantmäteriet containing radiometrically processed 

flight photos to adjust for the effects of central projection and used to interpret vegetation 

density.  

Avalanche documentation – Documentation of past avalanches in Nuolja kept by STF 

Abisko turistcenter. Data that was acquired covered year 2002, 2003 and month 2-4 2016 and 

includes various data on location, triggered type, size and in which terrain features it 

occurred. Full documentation can be found in Appendix 2. 

3.2 Implementing the Avalanche Terrain Exposure Scale 
This experimental analysis was done in ESRI ArcGIS software and mainly through spatial 

analysis and the hydrological tools. To implement ATES in GIS and without field experience 

or possibility to evaluate each area “case by case” due to the size of the study area, the model 

parameters and categories had to be quantified. Due to frequent use of terms like generally, 

mostly this quantification was done subjectively based on knowledge from literature. The 

technical model (Table 1) was weighted both by parameters (rows) and terrain exposure 

categories (columns) as seen in Table 3. The columns were weighted 0.33, 0.66 and 1, 
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Figure 5: Aspect parameter surface 

representing Simple-, Challenging- and Complex terrain respectively and each parameter 

importance was determined subjectively. Parameters were generally assigned a higher 

importance if they had italicized descriptors or a lower level of subjectivity in the original 

ATES-model. In this way the italicized descriptors was integrated in the model, instead of 

handled separately, which made the method more suitable for GIS.  

A two meter resolution grid surface, divided into the three ATES categories, was 

developed for each parameter if possible. With this approach, a cell-by cell analysis could be 

done and the resulting map would have a comprised ATES-index.  

Two ATES parameters: glaciation and route options was not used in this attempt since 

they were deemed irrelevant (See section 3.2.8 below). 
    

3.2.1 Slope inclination  

Both inclination and aspect was derived from the digital 

elevation model. Inclination, which is one of two 

parameters in ATES with a quantitative description, was 

divided into the terrain categories by thresholds of <25°, 

25°-35° and >35° seen in Figure 4. ATES describes 

simple inclination as “generally less than 30 degrees” 

and Mcclung and Schaerer (2006) describes  how 

avalanche generally occurrence at more than 25° 

inclination. The threshold for simple terrain was 

therefore set to <25° to be a bit conservative and reduce 

risk of under estimation of avalanche risk. Complex 

terrain was set to inclinations more than 35° and 

challenging terrain, which ATES defines as “generally 

low angles and some isolated slopes >35°”, was set to 

inclinations ranging between the thresholds that where 

set for simple and complex terrain. Since inclination is a 

very prominent parameter and had two italicized 

descriptors it was given a weight of 25%. 

3.2.2 Aspect  

Aspect is not defined by ATES technical model but 

is according to the developer (Statham et al. 2007) a 

factor that has to be considered on a high resolution 

analysis. As explained in section 2.2.3 this report, 

due to sun radiation, north facing slopes generally 

develops instability and south facing slopes gain 

stability during winter months. Therefore north 

facing aspects where set to complex, east and west 

aspects as challenging and southern aspects as 

simple (Figure 5). Since statistics about aspect and 

its relation to accidents are clear but its impact on 

avalanches is debated (see aspect in section 2.2.3), 

the parameter was weighted 10%. 

 

 

 

 

Figure 4: Inclination parameter surface 
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Figure 7: Highest stream order complex terrain 

traps 

3.2.3 Slope shape 

The slope shape, or “the slope of the slope”, was 

derived from the DEM, with a spatial analysis tool 

in ArcGIS, to display if a slope is convex or 

concave in a cell.  The ATES model categorises 

slope shape into uniform, some convexities or 

convoluted. Since the model was developed to 

plan a trip which stretches over larger areas, the 

slope shape in each 4 m² cell doesn’t represent the 

general slope shape in a larger area. Instead the 

variance and range of the slope shape values over 

25x25 cells was used to determine if a slope was 

generally flat (uniform) or of irregular shape 

(convoluted). This generalization led to some loss 

in data but increases the compatibility to the 

description in ATES.  Large variance of cell 

values in an area was classified as complex, low 

range of cell values in an area was classified as 

simple and challenging slope shape was 

determined to be the remaining area (Figure 6). 

The slope shape, as defined in ATES, has no 

italicized descriptors and is also hard to define in 

GIS software. Therefore it was set to 5% parameter importance. 

3.2.4 Terrain traps 

For the terrain trap analysis, focus was put entirely 

on gullies and ridges. The gullies where defined 

through hydrological modelling based on the DEM. 

The tool used calculates areas of accumulated flow 

of water which corresponds to areas where gullies 

usually form.  The three ATES categories for terrain 

traps are defined minimal-, some- and many traps. 

Instead of taking the same approach as with slope 

shape, to make a quantitative analysis over larger 

areas, the terrain traps where instead kept at two 

meter resolution since the specific location of traps 

was believed to be more suitable for a slope scale 

analysis. The accumulation of flow was instead 

divided by a method of stream order operation, 

proposed by Strahler (1957) which led to a stream 

network with six orders. The largest gullies, 5
th

 and 

6
th

 stream order, where categorized as complex 

(Figure 7), 4
th

 and 3
rd

 order as challenging and 1
st
 

and 2
nd

 order as simple terrain traps. This led to a 

modification of ATES that instead would 

correspond to a minimal-, medium- and maximum trap size and the italicized descriptor in the 

complex category was considered a normal descriptor. 

 For ridges, which are common places for formation of cornices, the same procedure 

was done but the input DEM was multiplied by -1 to reverse the values. The bottom of the 

stream order then represented the highest ridges (Figure 7) that are more exposed to winds 

Figure 6: Slope shape parameter surface 
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which is the main driver in cornice formation (Mcclung and Schaerer 2006). The parameter 

was assigned a weight of 10% importance. 

3.2.5 Forest/Vegetation cover 

Visual interpretation of the aerial photography in 

combination with vegetation map provided 

sufficient information about the extent of the forest 

and open areas. These could then be categorized as 

simple and complex terrain and the semi covered 

area in between as challenging (Figure 8). 

Vegetation cover was weighted relatively high at 

10% due to its impact on avalanche occurrence 

explained in section 2.2.3.  

3.2.6 Avalanche frequency 

The data needed for frequency of avalanches in the 

ATES parameters is number of avalanches per year 

and what size they were, according to the North 

American Danger Scale. This scenario posed some 

problems. First of all, the plan was to divide the 

whole area into the three ATES categories but in 

this case, areas that never experienced any 

avalanches do not fulfil the criteria for simple 

exposure. Secondly, the documentation only cover statistics on observed avalanches so there 

is probably some degree of “hidden” statistics of unobserved avalanches. The avalanche 

frequency parameter was therefore approached by only using the italicized descriptors of 

complex and challenging exposure as they would default into categories. Complex exposure 

was assigned to areas that experienced size three avalanches in the past and challenging 

exposure in areas that experienced size two avalanches in the past (see Figure 9).  

 Since the data on previous avalanches was 

not geographically tagged with coordinates, 

avalanche areas had to be defined based on 

altitude, aspect, inclination, slab width and the 

general description about in what off-pist route it 

had occurred. A complete description with all 

these indicators where rarely available so in some 

instances only some of them where used. These 

problems resulted in that only six past avalanches 

could be used. The parameter was weighted at 

20% for the reason that past avalanches is the 

best way to predict future ones as explained in 

section 2.3. It also has got two italicized 

descriptors that carry more weight which should 

not be overlooked.  

3.2.7 Start zone, track, runout zone and path 

The past avalanches were divided into start zone, 

avalanche track and runout zone to implement the 

ATES-parameters that consider hazards when 

skiing in areas where avalanches have occurred in 

Figure 8: Vegetation cover parameter surface 

Figure 9: Size of historical avalanches (according to 

the North American Danger Scale) used in the analysis. 
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the past. The parameters of start zone density, 

runout zone characteristics and a combination of 

interaction with avalanche path/exposure time 

(Figure 10) was used to subjectively weight each 

area based on knowledge gained from literature and 

visually analysing the aerial image, avalanche 

documentations and terrain data.  

The documentations did not include any 

data on length of avalanches so the locations were 

presumed to represent the start zones. The general 

rule of avalanches stopping in slopes below 10° was 

used to determine length of the avalanches and the 

area between the start zones and runout zones were 

defined as avalanche track. Each start zone, 

avalanche track and runout zone was categorised 

according the criteria in the technical model. Start 

zone density and runout zone characteristics 

parameters were both given a 5% importance due to 

the high level of subjectivity and uncertainties. 

Interaction with avalanche path/exposure time was 

weighted higher, at 10%, due to an italicized 

descriptor in the complex category and it was a 

combination of two parameters. 

3.2.8 Glaciation and route options 

Two parameters in the technical model of ATES were not included for different reasons. 

Glaciation was one of these simply because there was no glaciation in the study area. The 

second parameter that was excluded was route options. It describes the degree of possibilities 

to avoid skiing in an avalanche area which indicates a trip-scale usage that ATES was 

originally developed for and not the area based evaluation this study was intended as. This is 

also a similar concept as the one treated by terrain traps since gullies and ridges limit route 

options. 

3.3 Development of ATES map 
All parameters where combined according to the method in Table 3. Subjective thresholds 

were set in the resulting ATES-index value range to divide the map into categories of simple, 

challenging and complex terrain. The thresholds were determined by interpreting both the 

map with all factors combined and a map with only terrain factors combined. The resulting 

map then showed ATES-classification on a slope scale in a 2x2 meter grid format.   

3.4 Integrating altitude in ATES 
An attempt to integrate altitude in ATES was done since altitude is another terrain factor that 

impact avalanche occurrence. The same method was used but altitude was given an 

importance factor of 10% at the expense of avalanche frequency which then was reduced 

from 20% to 10%. This was done to get a 

more realistic result since the avalanche areas 

was considered to have been over 

represented in the original ATES analysis 

due to the parameter weighting. The 

categories in Figure 11 were determined 

based on altitude statistics on the data of 

Figure 10: Avalanche path parameters divided 

into ATES categories 

Table 4: Altitude statistics on documented 
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Figure 11: Altitude thresholds based on altitude 

of historical avalanches in Nuolja  

previous avalanches in the area (Table 4). The minimum altitude of that an avalanche had 

occurred in the documentation was 650 meters above sea level. The simple category was 

conservatively set to range between the minimum elevation value in the study area (389 

m.a.s.l) to 600 m.a.s.l. The minimum value for large avalanches, size >3, was set as threshold 

for the complex category and challenging exposure 

was the area between simple and complex, thus 

ranging between 600-800 m.a.s.l. Same thresholds as 

in the previous analysis were used for dividing the 

index in the resulting map into ATES-categories to 

make comparisons easier.  

3.5 Analysing the results 

No ground truth data was available since the 

documentation on historical avalanches did not 

include exact geographical locations. Instead, a 

comparison was done to determine how well the 

parameter weighing corresponded to a map 

containing only the italicized descriptors (that default 

into a category). This was done in a way that the 

accuracy maps showed if the results were equal, 

under estimating or over estimating avalanche risk 

where the italicized map was considered “ground 

truth”. Since the terrain traps parameter had been 

modified, from quantity of traps to quality of traps, it 

was not used in the italicized map. Both the original 

ATES method and the map were altitude was 

integrated were analysed. 

3.6 Generalizing the results 
Because avalanche occurrence is very hard to define and parameters are more of a rough 

description, the resulting two meter resolution map of the unmodified ATES method was also 

further generalized into vector graphics to propose a conservative map suitable for public 

communication of avalanche risk in Nuolja. Polygons were drawn over the map to generally 

delineate areas into different categories. The polygons were then modified with input from 

italicized descriptors to avoid under representation of avalanche exposure in the map. 
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4. Results 

4.1 Original ATES parameters 
The parameter importance weighting resulted in maps that were very dominated by the areas 

of past avalanches (Figure 13). Historic avalanching in an area is an important parameter to 

consider but in this instance, the first impression was that it seemed to have been weighted 

out of proportion to the terrain parameters (Figure 12).  

 

 

 

 

 

 

 

 

 

 

 

 

 

A combination of the map showing all factors and 

the map with only terrain factors was used to 

determine thresholds. The terrain factors 

maximum index value of 60% had to be 

considered when dividing the values in Figure 13 

so the most exposed terrain was included into the 

complex-category. The index values ranging 

between 20% and 90% was divided in such a way 

that >50% represented complex terrain, <35% 

represented simple terrain and values between 

35% and 50% represented challenging terrain.  

The resulting map in Figure 14 is 

dominated by simple exposure both in the lower 

altitudes in the eastern parts and in higher 

altitudes in south western parts. Challenging 

exposure is mainly found steeper northern parts 

but also along a passage across in mid-altitudes. 

Regardless of avalanche size, the avalanche areas 

generally resulted in complex exposure. Except 

that, complex exposure is found in the steep 

slopes in the northern part of the map and 

scattered in mid altitudes in connection to 

Figure 12: Result from combining terrain factors Figure 13: Result from combining all factors 

Figure 14: Resulting ATES map in 2m resolution 
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Figure 17: Modified ATES. Resulting ATES 

map in 2m resolution 

challenging exposure. 

4.2 Integrating altitude in ATES 
When looking at terrain parameters combined with altitude, there is a noticeable difference 

between the general values in the low altitudes and the rest of the study area (Figure 15). 
This is mainly because the altitude parameter is similar to the forest density parameter. Their 

combination led to a more distinct separation of the low values and the forest, which is better 

suited according to the theory that avalanches generally don’t occur in forest areas, explained 

in section 2.2.3. 

With altitude integrated in the model, and thus 

lowered impact of avalanche frequency, the resulting 

map (Figure 16) show that areas of previous 

avalanches were not as distinct in the map and thus 

seemed more assimilated with the terrain parameters. 

Previous avalanche areas still exhibits the highest 

exposure index value of 90%. However, avalanches 

with size two (challenging exposure) did not always 

exceed the terrain index values. The same threshold 

values are used in Figure 17 as in the previous 

section. The parameter importance modifications led 

to more areas with high terrain index value were 

included in the complex category together with areas 

of previous avalanches. Also, many areas in higher 

altitudes that previously were categorized as simple 

were now included in the challenging category. 

 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 15: Modified ATES. Terrain and 

altitude factors combined 

Figure 16: Modified ATES. All factors and 

altitude factors combined 
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Figure 20: Modified ATES method compared to 

italicized descriptors 

Figure 18: Map of italicized descriptors 

4.3 Analysing the results 
A map made from italicized descriptors (Figure 18), which include slope inclination and 

previous avalanches exclusively, were compared to the results from the two ATES 

implementations (Figure 14 & 17). An under estimation means that the resulting map display 

a lower category in an area compared to the italicized map and an over estimation mean that 

the resulting map display a higher category than the italicized map. In general, the italicized 

descriptors were under estimated in eastern half 

of the study area and over estimation in the 

western half of the area by the original ATES 

method (Figure 19). This is also true, and more 

prominent, when doing the same comparison 

for when altitude was included (Figure 20). The 

exposure category in the size-2 avalanches are 

generally over estimated in both cases. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: Original ATES method compared to 

italicized descriptors 
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4.4 Generalized results 
The generalized result (Figure 21) gave a more conservative and easier to interpret, map of 

ATES categories in Nuolja which is more suited for public communication of avalanche risk. 

The complex category dominates areas with steep inclinations exposed to reoccurring 

avalanche events as well as areas in deep gullies that form terrain traps. 

 

 

 

  

Figure 21: Proposed generalization into an ATES map suited for 

public communication 
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5. Discussion 

5.1 Data 
The digital elevation model might have some small errors due to the interpolation process 

even though the TIN-interpolation used, is well suited for representing terrain. The only 

drawback could be that the method is quite sensitive to outliers and thus single measuring 

errors might have a large impact. The vegetation data did not include metadata on density of 

trees in the forest which would have been a helpful input. Mountain birch (Betula pubescens) 

is a small-growing species which avalanche prevention abilities probably differs from the 

dense forest that BC NRS (2011) define as non-avalanche terrain. There are a lot of voids in 

the avalanche documentation that made most of the avalanche events unusable even though 

avalanche areas were determined with a high degree of subjectivity. Out of the 68 avalanches 

only about 10 events had an adequate description, both about location, length and width, to 

make an estimation of their coverage area plausible. Some location descriptions could not be 

found in the ski map of Nuolja e.g. Branten and Vindtunneln. These locations are described in 

the events from 2002-2003 so it might be historic names or paths that no longer exists in the 

ski map. STF Abisko Turistcenter was contacted about this without results. 

5.2 Implementation of ATES in GIS 
The high amount of subjectivity in the ATES model put demands on user knowledge and thus 

results might vary a lot based on user background. The parameters of terrain traps and slope 

shape were found difficult to define during this experimental GIS approach and the methods 

used were not scientifically attested in publications. Also, the ambiguous description of 

parameters in ATES is not very well suited for GIS-analysis since it requires quantitative 

input. However, with a subjective description the user has the possibility so make smaller 

modifications in the method to fit the specific conditions of a study area and base it on the 

rough descriptions provided by the model. In Nuolja this could be implemented by, for 

example, lowering the importance of aspect due to the lower exposure to sun radiation in the 

winter months at this latitude. Or the general risk might be lower in Nuolja due to the 

relatively low precipitation amount. Local knowledge could therefore be helpful.  

 

Aspect and inclination 

Neither the inclination nor the aspect weighting are based on slope usage (Schweizer et al. 

2003;  Mcclung and Schaerer 2006). This means that statistics might show that accidents 

occur more in north aspects just because the majority of skiers use those slopes. Improved 

knowledge about this could strengthen the usefulness of GIS in ATES-analysis since 

determination of slope and aspect from a DEM requires relatively simple one-step operations. 

  

Terrain traps  

The stream order operation used to define gullies and ridges in the terrain is based on 

calculations of flow direction and flow accumulation of water on a surface. There are several 

different methods and algorithms for how flow is directed in a grid surface. The GIS software 

used in this study, ArcGIS, uses a general method of single direction flow. This means that 

the flow is directed from the higher cell value to the lowest neighbouring cell value, which is 

not always the case in real world situations. Pilesjo and Hasan (2014) tested and compared 

several flow direction algorithms and in their results the ArcGIS single direction method 

produces the poorest results.   

The ridges were developed by inverting values in the DEM and implement the same 

procedures as with gullies. The shape of a natural surface has been developed on large time 

scales through erosion, driven mainly by water and gravity. By reversing the DEM an 
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unnatural surface is created that might have features that makes the flow direction algorithms 

incompatible. For example, if a generally flat slope has a rock outcrop, the flow will be 

directed around it. If the surface is reversed, this rock outcrop will become an unnatural sink 

that might prevent further flow and thus the detection of ridges in the “shadow” beyond it. 

 

Forest Density 

Since the density of the forest cover was unknown and it mainly consists of a low-growing 

bush-like birch, the weighting in the simple terrain of ATES might be suitable. If the forest 

would have been a dense coniferous forest, that is common in Sweden, a weighting of 33% 

might have been too high. In this case it could have been suitable to introduce the “no 

avalanche” category proposed by Campell et al. (2012). The combination of other factors 

would still have to be considered but in this case in Nuolja, a lot of the forested area has got a 

generally flat slope, a low inclination angle and, as far as the documentation show, no 

avalanche activity (below 650 m.a.s.l). 

 

Avalanche factors 

There were high amount of drawbacks when the GIS method was tested considering the 

avalanche factors and its usage as field experience. First of all, there was a high level of 

subjectivity since both locations and weighting was producer determined. The terrain 

description of where the avalanches had occurred was a general description since number 

often where rounded. Avalanche width to the closest 50 meters and slab depth to the closest 5 

cm. There was also no information on slab length or length of the whole avalanche path 

which is needed in ATES and instead the general rule about angle of runout zones worldwide 

had to be used. A better way could have been to use a runout model to estimate the avalanche 

patch, but the data needed for that was not available. Without information about width, 

polygons of avalanches could simply not be drawn.  

Trying to implement ATES without real field experience turned out to be very 

difficult in this case. If detailed data on historical avalanche events would be available, that 

could greatly improve the results and lower the subjectivity. The subjectivity also poses 

possible drawbacks in terms of accuracy on a slope scale resolution. When avalanche areas 

have to be estimated subjectively it has to be done conservatively, so avalanche risk is not 

under estimated, which leads to loss of accuracy in the resulting map. However, on a larger 

scale showing risk areas in general, this conservativity might be a better way to present 

avalanche risk to skiers to avoid future accidents. 

The categories in the avalanche parameters of ATES only deal with areas affected by 

avalanches. The simple category on avalanche frequency is defined as: one avalanche size 1 

every 30 years. Areas that never were affected by an avalanche therefore do not fulfil the 

criteria for the lowest category. This is another case where the “no avalanche” category could 

be useful when using GIS. When implementing the map algebra, as done in this study, it is 

preferable if the whole area in the avalanche parameters has a quantitative value and not left 

as “no data”. Otherwise the areas with avalanche weights have an “extra parameter” when 

weights from all maps are added together. An alternative could be to weight the “no data” 

areas as simple, just to have values in the whole parameter map, but then many areas could be 

over or under estimated.  

The subjectivity was taken one step further when weighting the start zones, avalanche 

tracks and runout zones since each zone was already determined- and then weighted- 

subjectively based on remote sensing of the terrain. This subjectivity might almost reach 

levels were it is no longer acceptable to use it but, as explained in section 2.3, previous 

avalanche occurrence is the best way to predict future avalanches so excluding it was 
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determined less acceptable.  Giving the avalanche parameters a lower importance would be a 

better alternative. 

 

Altitude 

The ski area has a vertical height range of about 700 meters. This is a relatively short range 

that was divided into the three ATES categories and thus it is very specifically adapted for 

Nuolja. For it to be applicable in more places than Nuolja and to see if there in fact is a 

correlation between avalanches and altitude, a larger dataset of avalanches worldwide would 

have to be statistically analysed. To instead base the altitude parameter on the physical 

properties of how wind and temperature change with altitude is also an alternative that could 

be investigated. 

5.3 Results 
Even though this study assessed avalanche risk on a high resolution slope scale, the 

subjectivity of the method and uncertainties in avalanche factors make the resulting maps 

display a general risk. When comparing the original ATES model with the modified model, 

which incorporates altitude, the overall general impression in the study area changes from 

simple to challenging exposure. This can be explained by the modification of the model 

where the terrain parameters had increased importance, and thus generally higher index 

values, but the thresholds for the ATES categories were unchanged. Since the threshold 

values where somewhat based on the terrain index values (explained in section 3.3), a large 

part of the map was categorized into a higher category. It might have been better to make new 

subjective threshold values for the modified model but this poses problems when comparing 

the results. However, the high exposure risk areas where generally in similar locations but to 

different extent, and the extent is a result of the subjective thresholds. 

 

Evaluation of results  

Due to the complexity and uncertainties in avalanche science it is hard to evaluate the results. 

An alternative could have been to exclude some historical avalanches in the analysis and use 

them as ground truth. Since only a few documented avalanches could be used and the fact 

that their locations were very generalized and subjective, this was not an alternative.  

Most of the underestimation compared to the italicized descriptors is in areas with the 

combination of high inclination angle, low altitudes and occurrence of forest. Some 

avalanche experts say that avalanches can occur on any slope (Mcclung and Schaerer 2006) 

and other say that avalanches cant occur in dense forest (BC NRS 2011). Due to this and 

uncertainties explained before it is therefore hard to determine the relevance of the 

evaluation. 

 

Generalizing the results 

For public communication of avalanche risk, a two meter resolution map, with the amount of 

subjectivity included, might not be suitable. A generalized and conservative map of exposure 

could be a better way to present the avalanche risk even though it loses some accuracy. With 

sufficient data and knowledge, a high resolution map could be developed. However the 

question is if that is a suitable way to communicate avalanche risk to the public since 

showing avalanche exposure at that scale somewhat contradicts the fact that knowledge about 

avalanche occurrence is not fully understood. This might instead get a reverse effect on 

backcountry users that get a sense of false security when navigating through the terrain. 
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5.4 Further studies 
The way the technical model of ATES is setup now, it is hard to include every aspect of the 

exposure risk in a GIS-analysis. The method is very user demanding and human bias is 

reoccurring throughout implementation. An idea could be to develop a separate ATES model 

that is better suited for GIS with more quantitative thresholds in the subjective terms. A way 

to handle the subjective descriptions could be to implement fuzzy logic, which is a type of 

“many-values” logic that can be suitable when modelling a vague phenomenon such as 

avalanches (Novák 2005). With a computerized model it also would become easier to include 

varying factors, like meteorological parameters, which could lead to better and up-to-date 

avalanche risk maps that could be communicated to the public continuously. 
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6. Conclusion 
Due to uncertainties and complexity in avalanche science, risk assessment is still largely 

dependent on knowledge from field experience. This, combined with the lack of quality in 

data, makes it a very challenging phenomenon to model and development is still a work in 

progress.  

 The Avalanche Terrain Exposure Scale is a valuable tool for assessing avalanche risk 

but the results are highly dependent on the producer. The technical model of ATES, as it is 

today, is problematic to use in GIS due to the lack of quantitative descriptions.  

The experimental implementation of ATES without field experience proved to be 

very difficult. Insufficient data led to a result in lower resolution than what was aimed for and 

it included a lot of subjectivity.  Incorporating altitude did not show any clear improvement 

though due to lack of time and general uncertainties, the results were not thoroughly 

analysed.  

Public communication of avalanche risk on a small scale map is difficult due to the 

background knowledge needed to fully interpret it. 
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8. Appendices 
 

Appendix 1: The North American public avalanche danger scale, used in Sweden. 
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Appendix 2: Documentation of past avalanches in Nuolja 

 

 

 

 

Avalanche 

no
Date Time Location Comment

Size               

(North American 

Danger Scale)

Aspect
Altitude 

(M.A.S.L)

Inclination 

°
Type

Average 

Slab 

Width 

(m)

Average 

Slab 

Depth 

(cm)

Reason

1 04/01/2002 night Bullen nedre 2 E Slab 85 0.5 N

2 10/01/2002 Herr Melin 1 Slab 10 0.4 N

3 12/01/2002 night Lavindalen 3.5 Slab 250 2.25 N

4 29/01/2002 11 Harbranten 1 45 Slab 10 0.1 S

5 31/01/2002 13 Branten N lift 1 E 700 25 Slab 15 0.7 S

6 31/01/2002 12 Rihtunjira N vindtunnel 1 E 800 30 Slab 10 0.3 S

7 04/02/2002 Näsan N

8 04/02/2002 Rihtunjira S sidan N

9 04/02/2002 Rihtunjira N sidan N

10 14/02/2002 morning Rihtunjira Sweetspot

11 18/02/2002 morning Branten

12 20/02/2002 morning Branten

13 23/02/2002 10 Branten N lift 1 E 700 30 Slab 30 0.4 X

14 10/03/2002 Rihtunjira sweetspot 3 E 45 Slab 100 0.45 X

15 25/03/2002 8 Bullen Nedre 1 NE 750 Slab 10 0.1 S

16 25/03/2002 11 Vindtunneln 1.5 NE 850 40 Slab 35 0.3 S

17 28/03/2002 Branten Nedfart 1 E Slab 0.3 S

18 28/03/2002 morning Rihtunjira sweetspot 2 NE 845 48 Slab 40 0.4 S

19 29/03/2002 Rihtunjira vindtunnel näsan 2.5 Slab X

20 30/03/2002 14 Grytan 500m N linbana 3 NE 935 40 Slab 200 1.25 N

21 07/04/2002 10 Rihtunjira sweetspot 1 NE 845 45 Slab 8 0.15 S

22 10/04/2002 Branten 1 E Slab 40 0.2 S

23 11/04/2002 Branten 1 E Slab 20 0.15 S

24 11/04/2002 Bullen Övre 1 Slab 20 0.25 S

25 11/04/2002 Rihtunjira vindtunnel 0.5 Slab 20 0.2 S

26 12/04/2002 Vindtunneln Drivan från 2.5 NE 810 Slab 50 N

27 12/04/2002 9.45 Rihtunjira vindtunnel 2 NE 810 48 Slab 30 0.7 X

28 12/04/2002 14.45 Vindtunneln Drivan mot näsan 2 NE 810 Slab 30 0.7 X

29 12/04/2002 9.15 Rihtunjira sweetspot 2 NE 800 36 Slab 40 0.3 X

30 13/04/2002 Herr Melin Mynning N sidan 0.5 SE Slab 8 0.1 S

31 13/04/2002 Amlert Under telefonhyllan mot 0.5 50 Slab 20 0.1 S

32 13/04/2002 Bullen S delen av nedre 0.5 SE Slab 15 0.15 S

33 13/04/2002 Amlert 0.5 SE Slab 5 0.15 S

34 14/04/2002 13.45 Grytan-Exteremen-Harbranten 3.5 E-NE 950 38.5 Slab 800 3.5 S

35 14/01/2003 11 Lilla Grytan Nedfart 1 E-SE 35 Slab 0.65 S

36 16/01/2003 17.30 Rihtunjira N Bullen, Grytan 1 NE 40 Slab N

37 17/01/2003 13 Näsan S lavindalen 1 E-NE Slab N

38 24/01/2003 9.30 Rihtunjira 1 SE 750 Slab N

39 31/01/2003 12 Bullen Nedre 0.5 700 Slab 5 0.15 S

40 16/02/2003 9.50 Konvexen 2 E 800 Slab 150 N

41 16/02/2003 9.50 Näsan 1 E 800 Slab 70 N

42 16/02/2003 9.50 Rihtunjira 1 E 800 Slab 70 N

43 16/02/2003 9.50 Branten Drivan 0.5 E 800 Slab 10 N

44 18/02/2003 12 B3 200m nedan 0.5 E 850 Slab N

45 08/03/2003 24 Näsan 0.5 SE 700 Slab 10 N

46 08/03/2003 24 Lavindalen 2 SE 800 45 Slab 100 N

47 08/03/2003 24 Extremen 1 E 800 45 Slab 20 N

48 08/03/2003 24 Branten Slab 7 0.3 S

49 16/03/2003 Näsan 3 E-NE 800 Slab 150 1.75 N

50 17/03/2003 11.43 Bullen Nedre 2 E 720 Slab N

51 17/03/2003 morning Lavindalen-Konvexen 3.5 E-SE 800 Slab 350 2 N

52 22/03/2003 24 Branten Drivan S 2 E 750 Slab 15 N

53 22/03/2003 24 Rihtunjira sweetspot 3 NE 800 45 Slab 50 1 N

54 23/03/2003 9 Bullen Nedre mot herrmelin 1 E-NE 750 Slab 15 0.4 S

55 04/23/2016 Skidområde 1 E-E 30 Slab 5 6.5 S

56 04/13/2016 Skidområde 1 E-NE Slab 30 25 X

57 04/12/2016 Skidområde 1 E-NE Slab 135 15 S

58 04/12/2016 Skidområde 1 SE-NE Slab 100 12.5 S

59 04/11/2016 Skidområde 1 NE-N Slab 20 17.5 S

60 03/29/2016 09:30 Skidområde 1 E 650 45 Slab 3 10 N

61 03/27/2016 Skidområde 1 NE-E Slab 5.5 8.5 X

62 03/20/2016 Skidområde

1* sc övre bullen, 1*sc nedre 

bullen, 1*sc herrmelin,vindflak från 

natten till 20/3

1 SE-E Slab 4.5 5.5 S

63 03/18/2016 Skidområde 1.5 E Slab S

64 03/17/2016 Skidområde 1 E 650 Slab 6 10 S

65 03/12/2016 Skidområde 1 NE-E 35 Slab 15 10 S

66 02/29/2016 14:00 Skidområde
vindflak från nattens drevsnö. 

Endast övre lagret som släppte.
1 E-E 650 Slab 4.5 7.5 S

67 02/29/2016 Skidområde
vindflak från senaste nattens drev, 

endast översta lagret. 
1 E-E 800 Slab 5.5 7.5 S

68 02/28/2016 Skidområde
Tunt flak i den snö som drevat in 

under dagen, Branta Långsvängen. 
1 E 800 40 Slab 15 7 S

N = Natural, S = Skier, X = 

Explosives
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