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ABSTRACT:  In the Sunnmøre and Romsdal road districts in Western Norway, the local road authorities 
have compiled a register of more than 300 sites where avalanches encounter principal roads in the area. 
The area covered is about 5 000 km2. The local climate varies substantially throughout the area, mainly 
due to elevation ranging from sea level to 1500 m, and to highly varying proximity to the coast. To con-
duct avalanche hazard evaluation and warning for the roads in the region, a database was constructed 
based on the compiled register. In addition, each avalanche path was characterized by it’s sensibility to 
different wind directions (based on starting zone aspect and shape), starting zone height and area, local 
climate, steepness and the road segment’s situation relative to the run out potential of the avalanche. Us-
ing this data, the road segments were grouped to identify segments exposed to avalanches that run un-
der similar conditions. This allowed an operational probability assessment of which road segments are 
more likely to have an avalanche reaching the road in given weather conditions. The method can be eas-
ily implemented in a GIS application and thus give decision makers a fast overview of the anticipated 
situation in the road district during a given weather situation. 
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1.  INTRODUCTION 
 

In Western Norway, avalanche warning 
and road closure during periods of high avalanche 
danger is the alternative where permanent ava-
lanche protection is lacking.  Periodic closures of 
roads can however be costly to society and deci-
sions have to be based on assessments of the 
avalanche probabilities that are as reliable as pos-
sible.  This work outlines a tool for use in ava-
lanche forecasting for roads on a regional scale, 
more specifically the Sunnmøre and Romsdalen 
road districts in western Norway.    

Organizational changes in the Norwegian 
Public Roads Administration (NPRA) the last few 
years, notably the discontinuation of inter-
organizational road maintenance divisions has 
lead to a need for avalanche knowledge that is not 
dependent on the accumulated experience from 
long time road maintenance employees.  In the 
present organization, maintenance contractors 
and crews may change every five years and there 
is no guarantee of transfer of informal knowledge 
about avalanche conditions along the roads.  One 
objective of the suggested approach has been to 
provide a quick solution to at least in part resolve 
this problem.  The other objective is to provide 

support for risk management decisions in given 
avalanche situations. 

The work is in part based on a contract 
report from the Norwegian Geotechnical Institute 
(Kristensen, Kronholm and Sandersen, 2007) re-
garding a regional avalanche warning program for 
the NPRA Central Region (Statens vegvesen Re-
gion Midt). 

 

 
 

 Figure 2. Map of mainland Norway.  Sunnmøre and 
Romsdal districts are shown as a shaded area. *Corresponding author address: Krister Kris-

tensen, Norwegian Geotechnical Institute.  P.O. 
Box 3930 Ullevål Stadion, N-0806 Oslo Norway.  
email:  kkr@ngi.no
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2. METHODS 
 

More than 300 individual avalanche paths 
are considered in the warning program.  The two 
districts cover approximately 5 000 km2 of ava-
lanche prone terrain which rises from sea level up 
to more than 1500 m (Figs. 1, 2). The distance to 
the coast varies from 0 to 70 km, but the ava-
lanche climates are mostly maritime and strongly 
influenced by cyclonic activity from the North At-
lantic.  

Warnings are issued on demand, normally 
when the general avalanche danger degree is ex-
pected to exceed degree four (HIGH) according to 
the European Avalanche Danger Scale (European 
Working Group for Avalanche Forecasting/ICAR 
1993).  The general avalanche danger is inferred 
from local observations and an assessment of the 
influence of the weather conditions forecast for the 
next 24 hours.  However, the warnings should also 
include an assessment of which road stretches are 
more likely to be affected by avalanches in the 
given weather situation.   

The assumption is that, based on their to-
pography and geographic situation, individual ava-
lanches will have different probabilities of affecting 
the roads in given weather situations.  To be able 
to assess which road stretches are more threat-
ened, the avalanches are grouped according to 
different criteria, in addition the road’s relative po-
sition to the estimated extreme run-out of the ava-
lanche.  

 
2.1 Mapping 

 
The NPRA has compiled analog registers 

with maps that show where avalanches are known 
to have reached the roads, mostly at their maxi-
mum extent observed. These registers show only 
the affected road stretch and do not cover the path 
and starting zones.  The first task was therefore to 
extend the avalanche maps, using interpretative 
methods combined with local knowledge.  The 
resulting maps have then been transferred to a 
spatial database and a GIS. Each avalanche is 
then characterized according to the different fea-
tures described below: 

  
2.2 Proximity to the coast 
 
 Three zones with different proximity to the 
coast were established (Fig. 2).  The climatic 
zones are reflected in the weather forecasts. 
 

 
Figure 2.  Avalanche map for the Sunnmøre district. 
The area is divided into a near coast, an intermediate 
and an inner fjord climatic zone. 
 
2.3 Sensitivity to wind direction 
 

Based on the aspect and shape of the re-
lease area, each path has been assigned a sensi-
tivity index value to the 8 main wind directions 
(Fig. 3).  It is assumed that this value gives the 
relative degree of wind loading in the starting zone 
in given wind directions.  The method is an inter-
pretative procedure based on assumptions of the 
amount of leeward accumulation and cross-
loading.  It is assumed that this determines which 
avalanches are more likely to release in the given 
wind direction. 

 

 
Figure 3. Example of avalanche path with assumed wind 
loading characteristics.  In this case predominantly from 
northerly directions. 
 
2.4 Starting zone elevation 
 

The upper and lower boundaries of the 
starting zones, loosely defined as un-forested 
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slopes between 30 to around 60 degrees, are as-
sessed for each avalanche (Fig. 4).  This factor is 
assumed to be important, especially when a tem-
perature rise or rain on snow is considered a po-
tential trigger for avalanche release.   

 

 
Figure 4.  Upper and lower starting zone boundaries. 
 
2.6 Avalanche size 
 

Avalanches are given a size classification 
based on five volume classes given below.   

 
1. Local slide <100 m3

2. Small avalanche >100-<1000 m3

3. Medium sized avalanche >1000-<10000 m3

4. Large avalanche >10000-<100000 m3

5. Extreme avalanche >100000 m3

 
2.7 Road position relative to Beta  
 

The NPRA register only occasionally give 
indirect estimates on the frequencies of the ava-
lanches reaching the road.  Therefore, the Beta-

angle, as defined by Lied and Bakkehøi (1980), of 
each avalanche was mapped.  The angle from the 
road location to the upper boundary of the staring 
zone is similarly measured, and then expressed as 
a percentage of the Beta-angle (Fig. 5).  The pro-
cedure was outlined by Hamre and McCarty 
(2000) and indicates the relative probability of an 
avalanche reaching the road. 

 
3. RESULTS AND DISCUSSION 
 

The database of the more than 300 ava-
lanches can be used with different search criteria, 
although the primary ones would normally be wind 
direction and climatic zone.  A database search 
will in this case result in a list of avalanches more 
likely to run in the given synoptic situation (Fig. 6).  
In situations where temperature changes are as-
sumed to be important, avalanches with given 
starting zone vertical boundaries can be chosen. 
The analysis can also be incorporated in a GIS for 
convenient visualization of the expected ava-

 
Figure 5. The Beta angle is a defined point in an ava-
lanche profile.  The road’s position relative to this point
indicates the relative probability of an avalanche reach-
ing the road. 
 

 

Figure 6.  Example of a list of avalanches sensitive to 
North-West wind loading.  The avalanches are listed in 
descending order with regards to the Beta/road position 
ratio (the second rightmost column).    
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lanche situation.  
The approach assumes that the user has 

means of arriving at a general danger rating.  
Moreover, the characterization is somewhat sub-
jective and GIS-based procedures for calculating 
snow accumulation and starting zones may be 
useful.   
 
4. CONCLUSION 
 

We think that the proposed method can 
provide useful decision support.  Together with 
local knowledge and other information decision 
makers can reach conclusions on whether to 
open/close roads by using a list of the most sus-
ceptible road stretches in the given situation. 
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