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Abstract 
 

Norway is a country that is frequently exposed to extreme weather events (EWEs). 

Norway experienced EWEs every year. The characteristic of extreme weather events is 

that they occur infrequently and normally result in inexperienced consequences. They can 

further be the trigger for geohazards such as floods, landslides and avalanches. Landslides 

and snow avalanches are complex processes whose climatic triggering factors are not 

completely understood. In order to predict such events there is obviously a need for 

understanding the triggering factors among others are certain extreme weather events. 

Norwegian landslide and snow avalanche events have been frequent and had fatal 

consequences in historical times in Norway making Norway important area of study. The 

aim of this study was to understand the relationship between EWEs and geohazards in 

Norway. The analysis is based on EWEs that caused slide and snow avalanche events in 

Norway the last 15 years. This study is connected with the InfraRisk project that is 

concerned with the impacts of EWEs on the transport infrastructure in Norway. The goal 

was to check if there is a correlation between EWEs and slide events and if EWEs could be 

a good indicator for slide events. The EWEs data was provided by The Norwegian 

Meteorological Institute (met.no) and the slide data by NGU – Norges Geologiske 

Undersøkelse. From the slide database rockfalls, debris flows and snow avalanches were 

extracted for the analysis. The method was to locate EWEs and to indentify the number of 

slides that were triggered by EWEs, as well as selecting a representative meteorological 

station for detailed analysis of weather conditions such as wind, precipitation and 

temperatures around slide events. The best correlation between EWEs and slide events 

could be found for debris flows. Debris flows usually occur at the day of EWEs. The 

relations with rockfalls and snow avalanches were found to be not fully understood. 

Often the relation between rockfalls/snow avalanches and EWEs is disturbed by a time 

lag. EWEs worked quite good as an indicator for snow avalanche events, while for 

rockfalls EWEs were found  to be a poor indicator. The method used has shown 

difficulties in establishing the relationship between EWEs and slide events. The 

disadvantage of this method was that the definitions of EWEs were based only on the 

wind velocities. Moreover, the information about locations of areas affected by EWEs was 

too general. The locations were too large to choose a good representative meteorological 

station for the analysis of detailed weather conditions. Such data are necessary when 

trying to find a better correlation. Information from only one station that represents a 

large area was not sufficient to achieve conclusive results. Therefore the method and the 

data should be improved. 
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1. Introduction  
 

 

Norway is a country that is frequently exposed to extreme weather events (EWEs). These 

events are often caused by intensive low pressure systems over the North Sea and may 

affect all parts of the country. In addition to strong winds along the coast and in the 

mountains EWEs can also be the trigger for other geohazards such as floods, landslides 

and avalanches. Especially in mountainous areas that have steep slopes different types of 

landslides and avalanches pose a significant problem for society making Norway an 

important area of study. Norwegian landslide and snow avalanche events have been 

frequent and had fatal consequences in historical times in Norway. In number snow 

avalanches and rockfalls dominate the national inventories. In terms of consequences 

large rockslides causing enormous flood waves have claimed the highest number of 

fatalities in Norway. 

 Landslides and snow avalanches are complex processes whose climatic triggering factors 

are not completely understood. In order to predict such events, there is obviously a need 

for understanding the triggering factors. It is assumed that certain extreme weather 

events may have an effect on the release of these geohazards. The characteristics of 

extreme weather events are infrequent occurrence and normally inexperienced 

consequences. The EWEs may be extreme daily temperatures or daily precipitation, storm 

events, dry periods etc. Weather conditions such as precipitation, temperature and wind 

play an important role in the triggering of landslides and snow avalanches. However, 

spatial and temporal relationships between slide events and extreme weather events are 

usually strongly disturbed. The reason is the time lag between triggering weather events 

and the release of slides, as well as an interaction with other triggering factors. Better 

understanding of the relationship between climatic conditions and geohazards is 

important to be prepared for future extreme weather events and their consequences.  

The presented study focuses on EWEs that caused landslide and avalanche events in 

Norway the last 15 years. Landslide and snow avalanche phenomena - types and their 

weather triggering factors such as heavy precipitation, temperature and wind, were 

studied in more details. The thesis is connected with the InfraRisk project that is 

concerned with the impacts of EWEs on the transport infrastructure in Norway. This 

project is motivated by the obvious need for more knowledge on how transport routes in 

Norway are affected by landslides and snow avalanches that result from certain EWEs. 

The main objective of this study is to examine the spatial and temporal correlation 

between the occurrence of high intensity extreme weather events and subsequent slide 

events. The goal is to estimate how many slides within 15 years are connected to EWEs, 

which EWEs contribute to the highest amount of slide events, as well as what is the 

reaction time or time delay between the occurrence of certain EWEs and the 

corresponding slide events. It is also important to find if there is any seasonal pattern 
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observable. The analysis is performed to identify the main characteristics of EWEs that 

are important for triggering various slide types and to find out if it is possible to predict 

slide events through the use of EWEs as indicators. The Norwegian Meteorological 

Institute provides a list of extreme weather events for the last 15 years 

(http://met.no/Norske+ekstremv%C3%A6r+f%C3%A5r+navn.9UFRjO2L.ips).  

This list was used as a starting point for the study. Furthermore, the recently finished 

GeoExtreme project provides a slide database which was compiled from different 

information on historical slide events. Accordingly, in the present paper, the terms  

“landslide and avalanches” include snow avalanches, debris flows and rockfalls. 
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2. Background 
 

2.1. Landslides 
 

Landslide is a general term describing movement of soil, rock and/or organic materials 

down the slope as a result of the gravity effect (Cruden and Varnes, 1996). It also 

describes landforms that result from such movements (Highland et al., 2008). This 

chapter provides descriptions and illustrations of the various landslide types. The 

characteristics of the specific types of landslides are important background information 

for this study.  

 

2.1.1. Types of landslides 
 

Landslides are classified by the type of material involved into rockslide, debris or earth 

(soil) slide, and by the type of movement into fall, topple, slide, spread, or flow (Cruden 

and Varnes, 1996). In this paper the focus is put only on the slide, the fall and the flow. 

 

Fall 

 

A fall begins with the detachment of soil, rock, or both from a steep slope (Figure 1 a) 

(Highland et al., 2008). When the frictional forces along the fracture plane are smaller 

than the driving forces, the block will fail. The size of blocks might be in the range of some 

cubic meters to several million cubic meters (Braathen et al., 2004). The material 

subsequently descends mainly by falling, bouncing and rolling until the terrain flattens. 

Falling is usually rapid (Highland et al., 2008). Rockfalls are triggered by undercutting of 

the slope. Precipitation may trigger the rockfall by increasing the pore pressure in the 

rock, or by weathering processes. Additionally, pressure produced by roots growing into 

rocks may cause a decrease in rock stability (Highland et al., 2008; Sandersen et al., 1996). 

Rockfall is moderately dangerous because when it falls it usually affects a limited area 

(Braathen et al., 2004). Rockfalls are mostly damaging to roads and railroads (Highland et 

al., 2008). However, in some cases rockfall may trigger a tsunami wave when released 

into fjord or into another water body (Braathen et al., 2004). 
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Slide 

 

A slide is described as a material movement (soil or rock) on a surface of rapture 

(Highland et al., 2008). Rockslides are found where the slope has a relatively low gradient 

(<45°) (Braathen et al., 2004). At the initial phase slides have their slip surface along an 

impermeable layer, more or less about one meter depth. Thus, the stability depends 

largely on the shear strength of these surfaces. The main factor governing the instability is 

pore water pressure since the increase in pressure reduces the shear strength (Sandersen 

et al., 1996).  

Two slides might be distinguished – rotational and translational. In rotational slides the 

surface of rupture is curved upward (spoon-shaped) (Figure 1 b). The slide movement is 

rotational. This type of slide occurs often in homogeneous materials. The velocity of 

movement might be slow or rapid depending on the material properties and weather 

conditions (Highland et al., 2008). In translational landslides mass is moved along a 

relatively planar surface (Figure 1 c). This type of slide may progress over considerable 

distances in contrast to rotational slides. This slide type occurs in all kinds of 

environments (all type of materials) and conditions. They usually fail along geologic 

discontinuities, but in northern, cold environments the slide may also move along a 

permafrost layer. The displacement velocity may be slow or extremely fast, resulting in 

disintegration and development into a debris flow (Highland et al., 2008). The most 

common trigger of translational slides is rainfall or rapid snow melt. Both lead to the 

saturation of slopes or an increase of the groundwater level within the soil. Both 

rotational and translational slides can cause damages to structures and roads, but may 

also dam rivers and cause floods (Highland et al., 2008). Large volumes of loose blocks can 

also be mobilized by creeping, leading to instability and causing destructive rock 

avalanches (Braathen et al., 2004). 
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Figure 1. Schematic of rockfall, rotational landslide and translational landslide 

 (Highland et al., 2008). 

 

Flow 

 

Flows are often related to debris flows that are described as a rapid mass movement in 

which loose soil or rock, together with water, flow down the slope like a viscous fluid 

(Figure 2 a). The transition from slide to flow is dependent on the water content, mobility, 

and evolution of the movement. Rotational and translational slides may disintegrate, 

combine with water and develop into a debris flow. But sometimes also dry flows occur in 

cohesionless material, flow of sand for example. Debris flows occur almost everywhere, 

they can be thin and less viscous with a high amount of water incorporated, or thick and 

viscous, full of sediments and debris. The movement is usually rapid and run outs are 

long. They are caused by intense surface - water flows as a result of heavy precipitation or 

rapid snowmelt. The surface water flow erodes and mobilizes loose soil or rock on steep 

slopes. Because of their properties debris flows might be dangerous, for example they 

may move objects as large as houses in their down slope fall (Highland et al., 2008). 
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Earth (soil) flows are common for gentle to moderate slopes, and for fine-grained soil, 

commonly clay or silt (Figure 2 b). These materials may flow as a plastic or viscous fluid 

when the water content is high. Susceptible marine clays (for example quick clays - which 

are common in parts of Norway), with a high water content may develop into a fast 

flowing material of low viscosity. Such slides are often triggered by human activities. 

Quick clays have potential to destroy large areas due to high velocities and large volumes, 

but also long run outs (up to several kilometers). Mechanisms responsible for triggering 

earth flows are mostly long or intense precipitation, snowmelt or a ground water table 

change. Others are earthquakes and loading, or human activities such as digging or 

landfills (Highland et al., 2008). 

 

 

Figure 2.  Schematic of debris flow and earth flow (Highland et al., 2008). 

 

 

2.1.2. Occurrence of Landslides 
 

Landslides may occur anywhere in the world, not only on steep slopes. All countries have 

been to some degree and in some manner affected by landslides. The reason for this is 

connected with the big number of different triggering mechanisms for landslides. 

Landslides may occur on land, both on extremely dry and on humid areas, or under water. 

Steep slopes as well as gentle slopes fail. The occurrence of landslides is also strongly 

connected to the climate patterns and human activity, and the type of slide varies 

depending on the local and regional conditions (Highland et al., 2008). 

Landslides contribute to many disasters every year on a global scale. The increase in the 

number of slides is a result of a combination of an increase in extreme weather events 
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combined with increased urbanization and use of land, as well as overexploitation of 

natural resources and deforestation. Regions where the slide hazard is high include 

Central and Northwestern South America, Northwestern USA and Canada, Hawaii, 

Antilles, the Caucasus region, the Alborz and Zagros mountain ranges in Iran, Turkey, 

Ukraine, the Himalayan belt, Taiwan, Philippines and Celebes, Indonesia, New Guinea, 

New Zealand, Italy, Iceland, Japan, Kamchatka (Nadim et al., 2006). 

 

2.1.3. Landslide triggers 
 

Trigger can be defined as an external stimulus such as rainfall, earthquake, volcanic 

eruption, storm waves or rapid stream erosion, that causes near – immediate response in 

the form of a landslide by rapidly increasing the stresses, or by reducing the strength of 

the slope materials (Varnes, 1978). There are two main groups of triggering mechanisms – 

natural mechanisms and the ones of human activity. Both mechanisms are summarized 

and presented in the Figure 3 (Highland et al., 2008). This paper, however, concentrates 

on weather triggered landslides e.g. precipitation or temperature. 

Intensive rainfall, rapid snowmelt, a water level change or frost are the most common 

weather factors that trigger slides. Storms that produce short intense rainfalls, or 

moderate but long lasting rainfalls, have triggered abundant landslides in many regions of 

the world (Wieczorek et al., 1996).  

Different studies showed that most shallow landslides in soils and weathered rocks were 

generated on steep slopes during or after the most intensive rainfalls (Wieczorek et al., 

1996). Rapid infiltration of precipitation produces temporary increase in pore-water 

pressure (Sandersen et al., 1996). Thresholds of intensity and duration of rainfalls can be 

defined to determine if a precipitation event can cause landslides. However thresholds 

depend on local geologic , geomorphologic and climatologic conditions (Wieczorek et al., 

1996). Different regions have different threshold values for rainfall intensities. During the 

period since the last deglaciation most slopes have adjusted to the climatic conditions 

with respect to rapid mass movements. This implies that in regions with heavy annual 

rainfalls slopes are more stable e.g. these slopes tolerate higher precipitation rates than 

slopes in drier areas. Soil moisture content is an important factor for the threshold value 

estimation. In case when soil moisture is high , less precipitation or snowmelt is needed 

to trigger a landslide (Sandersen et al., 1996). The soil type most prone to rainfall 

triggered landslides are loose or weak soils. Water level change (increase in the 

groundwater level on hill slopes) following long periods of precipitation, can build up pore 

water pressure that may reduce the effective strength of saturated slope materials and, 

as a consequence, trigger a slide (Wieczorek et al., 1996).  
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Rapid snowmelt caused by warming or by intense rainfall on a snow cover, can also add 

water to soil or rock slopes. It was found that melting might provide a more continuous 

supply of moisture over a longer time comparing to rainfall infiltration (Wieczorek et al., 

1996). 
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Figure 3. Landslides causes and triggering mechanisms (Highland et al., 2008).
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2.1.4. Effects and Consequences of Landslides 
 

Landslides affect both the built environment and the natural environment. When 

landslides occur in the built environment they destroy manmade structures in different 

ways. Buildings on unstable slopes may be partially damaged or completely destroyed as 

landslides destabilize foundations and walls, or other surrounding properties. Landslides 

may also affect lifelines or roadways. The most destructive type is debris flow due to its 

power and fast movement. However, all types of landslides cause temporary or long-term 

damages to structures or industries, or may kill people. 

Landslides have effects also on the natural environment. Mountain and valley 

morphologies are significantly affected by down slope movement of landslide masses; the 

face of the terrain may be changed, rivers, farmlands, and forests, but also wildlife are all 

influenced (Highland et al., 2008). 

 

 

Figure 4. Rockfall in Mundheim, 9 March 2003 (Jaedicke et al., 2009).
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2.2. Snow Avalanches 
 

2.2.1. Avalanche phenomena 
 

Snow avalanches are rapid gravity - driven masses of snow moving down mountain slopes 

(Ancey, 2001). Snow avalanches are common phenomena in many mountainous 

countries of the world. They pose a serious hazard and may affect people, houses, 

communication lines, animals, or forests (Casale and Margottini, 2004). Snow avalanches 

are one of the mountain slope natural hazards together with rock avalanches, rockfalls 

and debris flows. However, on a global scale it does not pose the same hazard compared 

to earthquakes, floods, volcanoes, tsunami, storms or drought. In these cases a single 

event can account for more damage and fatalities than all the world’s snow avalanches in 

human history. Snow avalanche events that are potentially devastating are rare in history. 

Additionally the population density in the mountainous areas is lower, which also reduces 

the risk (McClung et al., 2006). However the frequency of snow avalanches is higher than 

the frequency of landslides. This is because snow is a rather weak material compared to 

soil or rock. Slopes refill several times each winter contributing to repetitive events in a 

single season. Snow avalanches are often triggered by new snow deposition at the 

surface of snowpack, the snow accumulated during storm, or the snow transported by 

wind (McClung et al., 2006). 

Snow avalanches often lead to infrastructure and environmental damage. In Europe fatal 

accidents and major material damage caused by snow avalanches occur each year. The 

destructive potential of snow avalanche can be described by the annual number of 

fatalities and direct cost of material losses (Figure 5). There are three main fields of 

industry that are strongly affected by snow avalanches. These are transportation, 

construction and tourism industries. The reconstruction of damaged highways and roads 

after avalanche events can be expensive. However buildings, mines, telephone and 

electric lines/towers are also often impacted. In mountainous recreational areas a 

number of people are injured or killed every winter (McClung et al., 2006). Earlier people 

were mostly killed in their homes or in other buildings when hit by an avalanche. Today 

most victims are among ski tourists and snowmobilers (Casale and Margottini, 2004). For 

more snow avalanche effects and consequences see Figure 6. 
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Figure 5.  Avalanche fatalities (McClung et al., 2006). 

 

Figure 6. Snow avalanche effects and consequences (Casale and Margottini, 2004). 
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2.2.2. Snow avalanche formation  
 

Several factors play a role in snow avalanche formation, with the most important one 

being the topography, snowpack and weather conditions (Casale and Margottini, 2004). 

 

Topography 

 

Avalanche topography varies a lot. The vertical slopes fall height ranges from 10 meters 

to more than 2 000 meters. Avalanches might also be more than 1 000 meters wide and 

3 000 meters long. The volume may range from a few to several thousand cubic meters 

(Casale and Margottini, 2004). For the release of avalanches, terrain steeper than 30 

degrees is needed. If the terrain is less than 30 degrees, snow will not move naturally. The 

most frequent and biggest avalanches are released in terrain around 38 degrees. If the 

terrain is steeper than 45 degrees, the snow is released constantly and a snow pack deep 

enough for a larger avalanche can not accumulate (McClung et al., 2006). 

 

The snowpack 

During the winter period snow accumulates layer by layer forming a snowpack (Figure 7). 

The development of the snowpack is influenced by three factors such as precipitation, air 

temperature and wind. Also radiation plays an important role, in winter mainly as long 

wave radiative loss from the snow surface, in late spring also short radiation plays a role 

in the snowpack energy balance. In maritime climates, such as most of the Norwegian 

mountains, precipitation as snow and rain can lead to the buildup of complex snowpacks 

with many layers. The distribution of the snow in the terrain is mainly a result of wind 

transport. Snow will accumulate in areas of low wind speed, such as bowls and 

depressions in the terrain. Avalanche release is dependent on the stress/strength balance 

in the snow pack. New snow will rapidly form bonds between ice particles. These bonds 

increase the strength in the snow pack. In steep terrain snow strength constantly 

decreases due to snow creep. Especially at the snow temperatures close to the freezing 

point snow creeps under its own weight and changes its structure and strength rapidly. 

Rapid warming or the lubrication by melt water can also contribute to a weakening of the 

snowpack. On the other side, an increase in load can also lead to a change in the 

stress/strain balance. Intensive precipitation or drifting snow increases the load. Also, 

additional load in the form of human triggers such as skiers or snow mobiles can trigger 
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avalanches. This is one of the major causes for fatal avalanche accidents. Drifting snow is 

a major contribution to avalanche formation. Snow is picked up and transported from the 

surface by turbulent eddies at a given threshold wind speed. This threshold is dependent 

on the snow type, density of snow, humidity and temperature at the surface. It increases 

with time since the snow was deposited. In general the threshold wind speed for loose 

snow (at a 10 m height) is about 5 m/s. However, for dense bonded snow the value is 25 

m/s (McClung et al., 2006). 

 

 

Figure 7.  Typical layering in a snowpack. The strength of weakest layers and bonding 

between layers control the stability (Weir, 2002). 

 

 

Often a typical snowpack structure that leads to avalanche release consists of at least 

three layers: 

• A base layer consisting of older snow 

• A weak layer, usually thin and with little strength. Such a layer can be built by a 

wide range of process and crystals 

• New or wind transported snow about 0.5 – 1.5 meter thick 
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Failure occurs as soon as the stress of the top layer is higher than the strength of the 

weak layer (Casale and Margottini, 2004). Snow on the ground is constantly changing. The 

ongoing mechanical and thermodynamical processes are never stopped and depend on 

the ambient weather conditions. In general one can say that the processes in the snow 

pack are faster when the snow temperatures are closer to zero (McClung and Schweizer, 

1999).The snow surface may be eroded between snowfalls. Wind and sun radiation are 

the major erosion factors. In spring melting within the snowpack during the day and 

freezing at night may increase the density, hardness and strength of the snowpack 

(Conway and Wilbour, 1999). 

 

2.2.3. Snow avalanche classification  
 

Avalanches can be classified according to the type of release. Two types may be 

distinguished: loose snow avalanche and slab avalanche. Still, they can be also further 

classified according to depth of failure, mode of flow, or moisture of the mass.  

 

Table 1. Snow classification by the type of release (Weir, 2002). 

Type Characteristic Description 

 

Loose snow avalanche 

 

Released at a certain point 

 

Release occur at a point near the 
surface 

Failure is connected  to a loss of 
cohesion at the snow surface 

 

 

Slab avalanche 

 

Released along a fracture 

 

Failure occurs along a weak layer 
deep in the snowpack – shear 
failure propagating under a 
cohesive layer 

 

 

A loose snow avalanche starts at a particular point on a steep slope, and has a 

characteristic V shape (Figure 8 c). It is usually a result of a cohesionless new snow or old 

wet snow layer, and is triggered when there is a quick temperature rise, following a fall of 

snow from trees or from rock bluffs. Loose snow avalanches are quite small but grow in 
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mass when move downslope. They may be damaging for exposed cabins or trees in the 

mountains. In worst cases they may trigger slab avalanches that might be far more 

destructive (Weir, 2002). Slab avalanches are characterized by a cohesive snow layer that 

overlies a weak layer that may fail. When a fracture occurs in the weak layer a slab may 

slide (Figure 8 b). The failure may occur near the surface or deeper, resulting in a full – 

depth snow avalanche (Figure 8 a). Slab avalanches can be destructive and can pose a 

high hazard for people, property and environment (Weir, 2002). 

 

 

Figure 8. Failure surfaces in a slab avalanche (Weir, 2002); b). Slab avalanche close to 

Riksgrensen, Sweden 2010 (Picture, NGI); c). Loose snow avalanche from steep terrain 

near Narvik 2011 (Picture NGI). 
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2.2.4. Snow avalanche path 
 

An avalanche path can be divided into three zones - a starting zone, the avalanche track 

and the runout zone (Table 2). In general when a snow avalanche initiates, it is released 

and accelerated in the start zone. In the track it has the maximum speed and grows in 

mass. In the runout zone it decelerates and deposits the snow masses (Figure 9) (Weir, 

2002). 

 

Table 2. Snow avalanche path (Casale and Margottini, 2004). 

Starting zone Track Runout zone 

 
• Slopes of inclinations 

between 30° and 50° are 
critical for snow 
avalanche  

 
• Slopes of inclination  between 

30° and 10–15 are common for 
the avalanche track 

 

 
• The terrain inclination 

is less than the friction 
angle of the snow , 
usually less than 15 ° 

• Typical starting zones 
are depressions where 
snow is collected by 
the wind 

• The track is usually more 
narrow than the starting zone, 
often it may be a river course, 
a scar or some kind of 
depression 

• The avalanche slows 
down and gradually 
stops often in flat 
valley bottoms  

 

 

Figure 9. Start zone, track and runout of a snow avalanche path (Weir, 2002). 
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2.2.5. Snow avalanche size 
 

The size of snow avalanche is often classified according to its damaging potential. The 

classification system contains the concepts of magnitude, exposure and vulnerability – 

components of risk. The size is determined by the amount of snow released in the 

starting zone plus the snow accumulated in the track (Weir, 2002). 

 

Table 3. Classification of  snow avalanche size (Weir, 2002). 

 

Size 

 

Destructive potential 

 

Mass  

[ tones] 

 

Path length  

[metres] 

 

Impact pressure  

[kPa] 

 

1 

 

The avalanche is too small to 
injure a person 

 

< 10 

 

10 

 

1 

 

2 

 

The avalanche could bury, injure 
or kill a person 

 

100 

 

100 

 

10 

 

3 

 

The avalanche could bury or 
destroy a car, damage a truck, 
destroy a small building or break 
a few trees 

 

1000 

 

1000 

 

100 

 

4 

 

The avalanche could destroy a 
railway locomotive, large truck , 
several buildings, or a forest 
within an area up to 4 ha 

 

10 000 

 

2000 

 

500 

 

5 

 

The avalanche could destroy a 
village or a forest with an area of 
40 ha 

 

100 000 

 

3000 

 

1000 
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2.3. Bedrock, Topography and Climate in 

Norway 
 

2.3.1. Bedrock and topography 

 

Norway’s land area is 323 802 km2 and approximately 30% of the total land area is 

covered by mountains. Slopes over 30 degrees steepness cover 6.7% of the country 

(Figure 10) (Jaedicke et al., 2009). The coastal geomorphology of Norway is steep. The 

terrain of eastern part of Norway is relatively flat, however the isostatic land uplift is still 

taking place after the last glaciations in eastern parts of Norway (Holtedahl, 1960). 

Norway has a long coastline and high variations in topography (Tveito O.E. et al., 2000). 

 

 

Figure 10. Terrain slopes in degrees (Jaedicke et al., 2009). 

 



Background Magdalena Krzystyniak 

 

21 
 

The bedrock in Norway consists 50 % of Precambrian gneisses, 40 % of Caledonian 

metamorphic sedimentary rock, and 40 % of igneous rock. Devonian sedimentary and 

Permian igneous rocks cover 10 %. Many steep slopes in Norway are covered with glacial 

till and colluvium (Sandersen et al., 1996). Soils contain about 10 -30 % of clay and silt 

(Jørgensen, 1977). The valley bottoms are dominated by fluvial and glaciofluvial deposits 

(Sandersen et al., 1996). There are many different landscapes in Norway dominated by 

glacial and surface erosion (Etzelmuller et al., 2007). 

 

2.3.2. Climate in Norway 
 

Climate can be defined as the mean weather of a region for a long period of time. 

Temperature, humidity, precipitation, cloudiness, sunshine, wind etc. are the main 

elements describing weather, and are thought to be the most important climatic factors. 

However, vegetation, soil type and topography (physiographic factors) also have a 

significant influence on the climate and on the formation of the water balance elements 

(Solantie and Tollan, 1979). 

The climate in Norway can be characterized by the northern location of the country, but 

also by the long distance from the north to the south (Tveito O.E. et al., 2000). Norway’s 

climate varies from one region to another. There are different types of extremes in 

different parts of Norway (O'Brien et al., 2004). The climate in Norway depends strongly 

on the heat transported by the North Atlantic Ocean Current (NAC) (Houghton et al., 

2001). The main factor that influences the temperature climate in Norway is the 

geographical position in the Eurasian continent’s coastal zone. The climate is strongly 

affected by the polar front, where tropical and polar air masses meet, and that is the 

reason of rapid changes in temperatures particularly in winter (Tveito et al., 2001). 

According to Köppen - Geiger system classification climate in Norway is divided into 

marine west coast climate and continental subarctic climate (Sandersen et al., 1996). 

About one – third of Norway lies north of the Arctic Circle. Coastal climate is warmer, and 

it is characterized by mild winters and quite cold summers. The coastal regions receive 

frequent precipitation throughout the year. The eastern part of the water divide has 

different climate, it has cold winters, warm summers, and less precipitation (O'Brien et 

al., 2004). The mean annual precipitation is the largest on the west of the water divide 

(>3000 mm/year) due to the humid Atlantic low pressure air masses. The amount 

decreases in the east direction caused by both the distance from the coast and the 

topography (Tveito O.E. et al., 1997). Most of the precipitation occurs in the autumn. It is 

connected with strong westerly and south - westerly winds. In this climate daily rains may 

exceed 200 mm (Sandersen et al., 1996). 
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The leeward side of the mountain area in the south belongs to the driest parts of Norway. 

Here less than 350 mm/year are observed. Eastern regions of Northern Norway are also 

dry, characterized by continental sub arctic climate. Here the annual precipitation is 300 - 

450 mm (Tveito O.E. et al., 1997). Most of the country is covered by snow during the cold 

seasons. Therefore it is an important water source in the spring (Sandersen et al., 1996). 

The variation in annual precipitation is shown in the Figure 11. The runoff regime is 

characterized by the time variation in a river flow. This variation is dependent on the 

climatic and physiographic factors. The regime is usually classified according to seasonal 

variations and further on the basis of the main sources of recharge that can be rain, snow, 

glacier and groundwater (Lvovich, 1971). The mean annual and seasonal runoff of Norway 

gives the picture of precipitation and temperature regimes of Norway. The largest 

discharge along the coast is found to be in winter (October and November months are 

typical for southern and south-eastern areas) and in autumn (December in western 

areas). Inland areas have the largest discharge in spring (April and June) due to melting 

snow and also in autumn (August/September – October) due to heavy rains. The 

discharge is low during the winter. In the mountains melting period occurs during 

summer (Beldring et al., 2002; Gottschalk et al., 1979). 

 

Figure 11.  Annual precipitation in millimetres (http://senorge.no/mappage.aspx). 
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2.4. Extreme weather 
 

Extremes of weather and climate are of a great concern in the last years (Folland et al., 

2002). These events can have serious and negative effects on society, infrastructure, 

ecosystems, or wildlife in many different ways (Meehl et al., 2000). Loss of human life and 

increasing damage costs are both associated with these events (Karl and Easterling, 

1999). This is due to the fact that population, as well as infrastructure, has a tendency to 

grow in areas vulnerable to extreme events. People also may cause changes of landscape 

that can further increase the vulnerability (Easterling et al., 2000). Extremes may lead to 

floods, drought, strong winds, or extreme heat/cold, among others. The understanding of 

historical events and what may happen in the future as a result of changes in weather and 

climate extremes is crucial (Meehl et al., 2000). An increase in extremes is expected to 

cause a global increase in risk of natural hazards in Europe, for example floods and severe 

erosion or slides will occur more frequently in Europe in the future (Jentsch and 

Beierkuhnlein, 2008). 

 

2.4.1.  Characteristic of extreme weather events 
 

Extreme weather events can be described as events that occur with extraordinarily low 

frequency during a certain period of time (rarity), events with high magnitude (intensity) 

or duration, and events causing huge impacts such as losses (severity) (Smith et al., 2007). 

There are also other ways to define  extreme climate events. These can be extreme daily 

temperatures or daily precipitation, storm events, dry days etc. Definition can also be 

based on the impact of extreme events on society or environment, these involve human 

life loss, economic loss, damages to property and many others (Easterling et al., 2000). 

The frequency distribution of an observed climatic parameter over a certain period of 

time and for a given area varies around a mean value as shown in the Figure 12. Looking 

at the graph, an extreme event can be defined as a deviation from the mean with a low 

frequency of occurrence (the right graph in the Figure 12). However, these events can be 

both short and intense or longer – lasting that are above the average. The change in the 

mean of a parameter may cause that a value that was considered as an anomaly before 

would become a norm and would be no more classified as an extreme value (Dankers and 

Hiederer, 2008). 
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Figure 12. Idealized frequency distribution for event and distribution shift (Dankers and 

Hiederer, 2008). 

 

2.4.2. Defining changes of extremes 
 

It is important to know extremes in a statistical sense. In the Figure 13 a typical climate 

variable is presented (in this case the temperature). This variable is normally distributed, 

the solid curve represents the present day frequency distribution of a weather variable. 

Pink and blue colored parts of the distribution are extremes – values far from mean, 

values that occur infrequently. If there is a shift of distribution – (change in the mean 

value), then there will be an increase in extreme events on one end of the distribution 

and decrease on the other (Figure 13 a). In this case when there is an increase in mean 

this will produce an increase in warm days and decrease in number of cold days. If the 

standard deviation changes it may increase extremes at both ends of the frequency 

distribution curve (Figure 13 b). However, a change in variance will affect rather more the 

frequency of extremes than the amount (Meehl et al., 2000). When both the mean and 

the standard deviation change at the same time (Figure 13 c), it affects the probability of 

extremes at both sides, resulting in this example in more frequent hot events with more 

extreme high temperatures and fewer cold events. Of course other combinations of 

changes in mean and variability would be possible and would end with different results 

(Folland et al., 2002). There are also other variables like precipitation that are not 

normally distributed and then are much more complicated, for example the change in the 

mean may cause a change in the variance, etc (Meehl et al., 2000). 
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Figure 13. Schematic diagram showing how changes in mean and variance can affect 

extreme weather and climate events - (a) the mean temperature increases, (b) the 

variance increases, and (c) when both the mean and variance increase for a normal 

distribution of temperature (Folland et al., 2002). 
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2.4.3.  Criteria of Event Characterization 
 

Extreme events may be characterized by threshold, frequency or magnitude. Threshold is 

defined as a certain value that once exceeded defines the event as an extreme. 

Frequency assumes a statistical distribution of a parameter – the likelihood of an extreme 

is estimated from the probability density function. Magnitude, however, quantifies the 

difference of an event of defined frequency occurring from the normal condition 

expressed by the mean (Dankers and Hiederer, 2008). 

 

2.4.4. Analysis of extreme weather events 
 

As mentioned before, the characteristics for extreme weather and climatic events are 

their infrequent occurrence and their consequences for the environment. Extremes are 

rather rare and local, and often difficult to measure. There is always a problem with 

suitable data collection for statistics. For statistical analysis larger samples are always 

preferred. There are different ways of collecting information about extremes, with the 

most common ones: 

• empirical data   

• analytical methods  

• and theory (physical laws) 

It is important not to focus only on one type of information , but to draw conclusions 

about extremes based on at least two types of information. Because of the fact that 

climate change incorporates a change in statistics, for good climate scenarios, global 

climate models based on physical laws together with empirical data from the past are 

used. For empirical data, time series from observations at meteorological stations are 

used (Førland et al., 2007). 

 

2.4.5.  Observed trends 
 

It is always difficult to quantify if extreme events have changed worldwide or only on a 

regional basis. The problem is that the long term climate data necessary for such analysis 

is often lacking (Easterling et al., 1999). To have suitable data for analysis high temporal 

and spatial resolution observations of different climatic parameters like temperature, 

precipitation, humidity, winds, or atmospheric pressure, are required. To observe trends 



Background Magdalena Krzystyniak 

 

27 
 

it is useful to examine larger quantities such as average annual temperature or 

precipitation (Førland et al., 2007). 

Since the start of the 20th century an increase of about 0.6°C in the global mean 

temperature has been observed (Folland et al., 2002). The global increase in mean 

temperatures is rather associated with warming in daily minimum temperatures than in 

maximum temperatures (Easterling et al., 1997). Over the same period an increase in 

global precipitation has also occurred, the same extreme events are considered to be 

more frequent (Easterling et al., 2000). Some areas of the world have completed analysis 

of heavy precipitation (Figure 14). In Norway analysis began near the start of the 

twentieth century (Karl and Easterling, 1999). In the Figure 14 signs (pluses and minuses) 

are indicators of regions where some changes in heavy precipitation have taken place 

during the past decades. Shaded regions are those presented in Table 4. For these regions 

a century - long trend analysis of daily precipitation was possible, for other countries only 

the post – World War II period was analyzed (Easterling et al., 2000).  

The tendency of changes in monthly or seasonal precipitation is in most countries directly 

related to the change of the amount of precipitation during the heavy and extreme 

precipitation events. Figure 15 shows that most areas have experienced the same trends 

(increasing or decreasing) in seasonal totals and in the frequency of 1-day heavy 

precipitation events. Values for Norway are ca + 2 % for heavy precipitation and ca + 0.5 

% for mean total precipitation (Easterling et al., 2000). What may also be observed is that 

magnitudes of the changes in heavy precipitation frequencies are bigger than changes in 

mean precipitation totals (Folland et al., 2002). 
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Figure 14.  Regions that have the largest sets of daily precipitation time series for analyses 

of precipitation extremes (Easterling et al., 2000). 

 

 

Figure 15. Linear trends in total seasonal precipitation and frequency of heavy 

precipitation events over various regions of the globe. Periods of record and thresholds 

used to define heavy precipitation are shown in Table 4 (Easterling et al., 2000). 
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Table 4. Regions and periods for which the largest  sets of daily precipitation time series 

are available for analyses of precipitation extremes (Easterling et al., 2000). 

 

Country 

 

Period 

Threshold used 

to define heavy 

rain (mm) 

Average 

number of 

days with 

heavy rain 

Eastern part of the United States 910–96 50.8 0.6 

European part of the former USSR           1936–94 20 1.8 

Asian part of Russia 1936–94 20 2.3 

Southern Canada 1944–95 20 2.9 

Coastal regions of New South, Wales and 

Victoria, Australia 

1900–96 50.8 0.4 

Norway 1901–96 25.4 2.0 

Southern Japan 1951–89 100 1.0 

Northern Japan 1951–89 100 0.3 

Northeastern China 1951–97 50 1.0 

Southeastern China 1951–97 100 0.5 

Ethiopia and Eritrea 1951–87 25.4 5.5 

Equatorial east Africa 1950–97 50.8 1.1. 

Southwestern South Africa 1926–97 25.4 0.7 

Natal, South Africa 1901–97 50.8 0.6 

Nord-Este, Brazil 1935–83 50.8 

100 

1.0 

0.1 

Thailand 1951–85 50.8 

100 

2.2. 

0.4 
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2.5.  Extreme weather events in Norway 

 

2.5.1. Extreme events as a common phenomena 

in Norway 
 

In Norway heavy precipitation is the most dangerous extreme weather event. Floods are 

mainly caused by rainfall and/or snowmelt in Norway. The largest floods in the Norway 

history are those that occurred at the beginning or at the end of a sequence of cold years 

during the Little Ice Age. The intensive rainfalls causing floods were always connected 

with periods of high temperatures (Førland et al., 2007). 

Rivers in the eastern Norway experience even up to three floods in the spring (typical for 

Glomma River). These are often early lowland floods due to mild spells in the winter or 

early spring, floods caused by melting in the upland areas, as well as floods caused by 

melting in the alpine part of the basin. The flood magnitude is strongly dependent on the 

initial weather and geological/hydrological conditions. Large floods are almost always 

related to a extensive snow cover in combination with high temperatures and some 

rainfall. Ground conditions are also important. The flood size decreases when the 

groundwater level is low, while increases when the soil is saturated or frozen (floods due 

to frozen ground with combination of winter rainfall is common along the west coast of 

Norway) (Førland et al., 2007). 

Another type of flood that happens in Norway is rainfall flood. Rainfall floods are caused 

both by long duration rainfalls that will affect larger areas or locally intensive storms 

having a more local effect. Both types have the potential to cause severe local damage 

and loss of life (Førland et al., 2007). 

 

2.5.2. Historical and recent extreme weather events 
 

Information about flood disasters in Norway is found back to the 1340s. The source is few 

documentations from England, Germany, Austria and Switzerland (Lamb, 1982). From the 

second part of the 17th century the information about floods in Norway is based on 

damage reports. It is known that the 17th and 18th century experienced some large 

floods. An example is the early 1660 rich in floods and it was at the end of 1650 cold spell. 

Several big flood events occurred from 1689 to 1692 at the begging of the coldest period 
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of the Little Ice Age which was in 1695 to 1697. Those floods caused significant damage at 

Vestlandet and Trøndelag. The large flood of 1743 and smaller one in 1745 in the west 

Norway occurred also at the end of another cold period. Cold spell between 1773 and 

1789 was initiated by a large flood in 1773 and ended with a historical Storofsen flood in 

July 1789. The common factors governing many of these events were high temperatures 

and intensive rainfalls (Førland et al., 2007). Floods in 1743 and 1789 are known as two 

large disasters in Norway. The flood in 1943 that occurred in the western Norway was due 

to heavy precipitation and caused a lot of damage. Many farms were destroyed by 

rockfalls and rockslides, some people were killed. There is a description in a damage 

report that six slides hit one farm. The second flood on 21st–23rd July 1789 in the eastern 

Norway was caused by a combination of snowmelt and heavy precipitation. More than 

1500 farms were destroyed and 72 people killed by landslides and flooding (Roald, 2002).  

There has been observed an increase in precipitation during the last century in Norway 

(Hanssen-Bauer et al., 2001). During the past 10 years Norway experienced more 

frequent extreme weather events. Between 2002 and 2007 several storms occurred. 

Storms with heavy rain or snow, and strong wind caused severe flooding and slides, as 

well as road damages, telecommunication disruptions, damage of properties, evacuations 

and even loss of human life. One example is a rainstorm in Nordland (2002). The intensity 

of the storm varied across the country, but some regions received even as much as 169 

millimeters in one day. This storm resulted in landslides that blocked major roads and 

damaged houses. A train destroyed by a landslide caused a rail traffic for several days. 

Another example is the Storm Narve in 2006. For almost a week in mid-January, due to 

combination of low pressure over the North Atlantic and high pressure over Russia and 

Finland, Northern Norway experienced a storm that destroyed powerlines and roads, 

cancelled ferry connections and plane flights (Wyman). 

 

Figure 16.  Storm Narve January 2006 Finnmark  

(Fot: Allan Klo http://www.finnmarken.no/lokale_nyheter/article4825092.ece). 
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A total of some 700 flood events from the 1340 to 2006 have been identified and loaded 

to the national database. Figure 17 shows the number of severe and total flood events 

per 5 -year time slices from 1896 to 2005 (Roald, 2008). The precipitation records since 

1895 include many events of 100 mm or more in one day, especially on the western side 

of the main mountain ranges in Norway. Of course not all but just some of these events 

resulted in severe floods. The early floods were all probably severe since small floods 

would not have been recorded. It might also be observed in the Figure 18 that from 1920 

to 1940 as well as from 1985 to 2005 the frequencies increased. A large number of floods 

occurred on the major inland rivers in eastern Norway and in Trøndelag. Floods took 

place in the spring or in the early summer as it might be observed in Table 5 (Førland et 

al., 2007). 

 

Table 5. Overview of some large spring and early summer floods in some major rivers in 

eastern Norway (Førland et al., 2007). 

Year Peak date Water courses 

1675 28th May Glomma/Gaula/Otra 

1760 29th May Glomma and Lågen 

1773 29th–30th May Glomma especially in Østerdalen/Glåmdalen 

1789 20 th – 24 th July Gudbrandsdalen, eastern South Norway 

1846 24th–26th May Glomma in Østerdalen/Glåmdalen/Drammenselva/Skienselva/Driva 

1850 27th May – 18th June Glomma/Vorma 

1853 3rd–5th June Drammenselva 

1860 15th–22th June Nedre Glomma/Lågen/Drammenselva/Numedalslågen/ Skienselva/Sima/ 

Lærdøla/Årdalselv/Driva 

1879 May – June Numedalslågen/Skienselv/Geirangerelv/Driva/Surna/Orkla/ Gaula 

1897 27th May –7th June Lågen/Tyrifjorden/Ådalselv/Begna/Krøderen/Numedalslågen/ 

Skienselv/ Bøelv/Otra/Lærdalselv 

1910 25th–28th May Nedre Glomma/Randsfjorden/Begna 

1916 11th–16th May Glomma/Drammenselv/Numedalslågen/Skienselv/Nidelva (Trøndelag) 

1920 20th–23th May Begna/Lærdalselv/Alta/Tana/Neiden/Pasvik 

1934 6th–19th May Glomma/Drammenselv/Numedalslågen/Skienselv/Nidelv/Otra/ 

Stryn/Surna/Driva/Orkla/Gaula/Nidelv/Stjørdalselv/Vefsna 

1966 19th–21st May Glomma/Drammenselv/Numedalslågen 

1967 29th May – 3rd July Klara/Glomma except Jotunheimen/Begna/Hallingdalselv/ 

1995 29th May – 12th June Glomma except Jotunheimen/Drammenselva/Driva/Gaula/ Nidelva/Stjørdalselv/Fusta 

1996 10th June Tana/Neiden 

 

Many of these floods presented in Table 5 were so called melting floods triggered by 

rapid rise in temperatures with some rainfall. All floods in Troms and Finnmark are of the 

same origin - melting/spring floods caused by melting of the snow storage over large 

areas. Snowmelt floods are generally less frequent then rainfall floods (Figure 18). 

Snowmelt floods occur over large areas and prolonged period, however rainfall floods are 

more local, rapid and independent (Førland et al., 2007). As shown in the Figure 18 the 
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most frequent rainfall floods occurred from 1936 to 1940 and 2001 to 2005, more severe 

of these happened all in summer periods through the 1930’s and from 1987 to 2006 

(Roald 2008). 

Rainfall floods result mainly from long - duration rainfalls in autumn or more local 

intensive rapid events. Typical examples are the rainfall up to 1100 mm in Sogn October 

1983, and a long duration rainfall from September – November in 2000 that caused floods 

in rivers along the Oslofjord. Another type of high intensity rainfall event that covered 

large areas and lasted for several days is the historical Storofsen flood 21st–23rd July 

1789. The flood caused by intensive raining from 24th to 25th August in 1940 in the upper 

part of Gaula and Orkla led to damages of the railway line at Støren and of many roads, 

farmlands and buildings. Intensive rainfall in Bergen that was caused by two tropical 

hurricanes (Maria and Nate) in 14 –15 September 2005 resulted in flooding and killing 

landslides. Another event of different origin occurred in Bergen on (15 of November) the 

same year with similar consequences. Severe flooding in Fosen was also caused by a large 

winter rainstorm 30 January – 1 February 2006. Another local rainstorm that caused 

landslides at the border of Vågå and Lom 30 August 2006 (Førland et al., 2007). 

Combined events also take place, for example the central mountain area of Southern 

Norway often experience rainfall floods combined with snowmelt floods. Some examples 

of floods in major rivers of central and south Norway are presented in Table 6.  

Table 6. Some large mountain floods in South and Central Norway (Førland et al., 2007). 

Year Peak Date Water courses 

1755 - Bøvra 

1822 25th April Rådåå at Dovre 

1826 11th July Aurlandselv/Tya/Utla/Fardøla/Lærdøla 

1895 Aug Skjøli at Skjåk 

1914 6th–8th July Usta/Bjoreio/Aurlandselv/Tya/Utla/Oldeelva 

1932 7th– 8th July Jora/Otta/Sjoa/Vinstra/Eira/Litledalselv/Driva 

1958 26th June – 3rd July Usta/Austdøla/Veig/Bjoreio/AurlandselvGlomma/Nøra/ Folla/Otta/Vinstra/ Rauma 

1968 2th–4th July Otta/Bøvra/Sula/Visa/Høya/Skjøli/Tundra/Ostri/Tora/ Aurlandselv/ Strynselv/Rauma 

1972 6th–8th June Vinstra/Sjoa/Otta/Bøvra/Jora 

1973 7th–9th July Sjoa/Otta/Bøvra/Veig/Jostedøla/Oldeelva 

1985 1st–2nd Oct. Tributaries to upper Otta/Breimselv/Strynselv/Nausta/Oldeelv/ Bygdaelva 

1995 21st July Rivers on the western side of Hardangervidda i.e. Suldalslågen/ Austdøla/ Opo 

2004 6th May Måna/Bøvra/Leira/Rudiåa in Dovre 
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Figure 17.  The number of large flood events per 5 – year time slices  in Norway based on documentary sources and instrumental data. These are 

floods from the 1896 to 2005 (Roald, 2008). 
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Figure 18. The number of snowmelt and rainfall flood events per 5 – year time slices in Norway 1896–2005 (Roald, 2008). 
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In western Norway the most severe are late autumn or early winter floods. They usually 

occur after snow accumulation during a cold autumn or early winter in the upper parts of 

the basin and followed by an increase in temperature accompanied by rainfall. One 

example is the already mentioned flood which happened in December 1743. This was one 

of the most extreme events. It took place after a freezing of topsoil during the cold period 

from September to October. From 3 - 11 December rainfall caused inundation, 

avalanches, landslides and rockfalls at many locations in the western Norway (from 

Ryfylke to Nordmøre). Other floods were more local but also caused a lot of damage 

(floods 15 –16 October 1842 and 7 –10 October 1883 at Valldal at Sunnmøre and 

Øksendalen at Nordmøre) (Førland et al., 2007). In the eastern Norway some winter 

floods occur as well, due to mild and wet weather (Førland et al., 2007). 

Table 7. List of large late autumn or early winter floods in West and Central Norway 

(Førland et al., 2007). 

Year Peak date Water courses 

1702 26th–28th Oct. Hjelledøla in Oppstryn 

1723 Autumn Hardanger 

1742 7th Dec. Olden 

1743 4th–5th Dec. Ryfylke-Nordmøre 

1743 20th Dec. Coastal rivers Hordaland-Sunnfjord 

1745 Autumn Vosso 

1756 14th–22th Feb Langfjorden/Surna 

1812 21st Sep. Vosso 

1842 15th–16th Oct. Valldøla/Usma 

1873 9th Dec. Vosso 

1881 27th Dec. Høyangerelv/Daleelv 

1883 7th–10th Oct. Valldøla 

1884 1st Nov. Granvinelv/Vosso 

1888 27th–29th Oct. Granvinelv/Vosso 

1899 18th Oct. Vosso 

1906 22nd–24th Nov Årdalselv/Lærdøla/Gaular/Jølstra/Breimselv/Langedøla/ Bygdaelva 

1913 18th–24th Oct. Årdalselv – Breimselv/Langedøla/Bygdaelva 

1917 27th–30th Sep. Ryfylke/Hardanger/Gaular/Jølstra/Eidselva 

1918 10th–11th Oct. Vosso/Eksingsdalselv 

1932 28th–29th Jan. Sunnfjord – Fosen 

1934 28th Nov. Nord-Hordaland/Sunnfjord 

1940 24th–27th Nov. Ryfylke – Sunnfjord 

1953 10th–11th Oct. Coastal basin at the Bergen Peninsula 

1956 22th Oct. Ulla – Sunnmøre 

1957 9th Jan. Coastal basins from Sogn - Fosen 

1971 2nd–3rd Nov. Vosso/Høyangerelv/Gjengedalselv 

1983 26th Oct. - 1st Nov. West Norway 

2006 30th Jan. – 1st Feb. Trøndelag especially Fosen 
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2.5.3. Changes in extremes in Norway 
 

Extreme events are expected to increase in Norway as a result of climate change 

(Wyman). More intense precipitation events are likely over many areas in Norway 

(Skaugen et al., 2004). The effects of extremes will vary across the country, some regions 

will experience heavy rain and snow precipitation, and some drought. Together with the 

increase of extreme weather events natural hazard such as slides, including snow 

avalanches, mudslides, rockslides and rockfalls are also expected to be more frequent in 

the future. Norway is familiar with extreme weather conditions. National relief fund has 

been in place since 1962 to address climate – related damages (O'Brien et al., 2004). Due 

to the fact that slides in Norway are a common hazard related to extreme climate 

conditions, the Norwegian Geological Survey (NGU) has developed a database of 

historical incidents and areas at risk - the system is currently under development. The 

database contains information from various national sources. It is important to collect 

data systematically to establish a solid base for statistical and spatial analysis of these 

events on a variety of scales from local to national (Jaedicke et al., 2009). 

Studies of precipitation series show that annual and seasonal precipitation in Norway has 

increased (Hanssen-Bauer, 2005; Hanssen-Bauer and Førland, 1998). The annual 

precipitation was found to increase between 3% and 21% for various parts of Norway 

during the period 1895-2004 (Hanssen-Bauer, 2005). However, the biggest increase has 

been observed in the western Norway as well as in large parts of Central and Northern 

Norway. Small tendency of increasing 1-day rainfall extremes during the later decades has 

occurred in the western Norway, in other areas there were no significant changes 

(Førland et al., 2007). The frequency of heavy precipitation events is reported by the 

available observing stations in the mid- and high-latitudes of the Northern Hemisphere to 

increase from 2% to 4% (Alfnes and Førland, 2006). 

Large local and regional gradients for 1-day precipitation are reflected in the M5 (24h) 

precipitation values for the 1961– 90 normal period (Figure 19). Similar gradients are 

observed also for annual precipitation (Førland et al., 2007). A maximum was found in the 

1930 and there was a tendency of increasing maximum values during the 1980s and 

1990s (Alfnes and Førland, 2006). From the Figure 19 it may be observed that 1 day 

precipitation ranges from about 30 mm in the interior of southern Norway and in the 

northern Norway to even more than 140 mm in the western Norway and Nordland 

(Førland et al., 2007). 
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Figure 19. Estimated 1-day extreme precipitation with a return period of 5 years 

(M5(24h)) for the normal period 1961–90 (Førland et al., 2007). 

 

The temperature is expected to increase in all regions and for all seasons in the future 

(Førland et al., 2007). The autumn temperatures will increase by about 3.5 – 4° C, 

however, winter and spring temperatures may increase by 2 – 3° C in the south and from 

west to coast, and by 3 – 4° C in the north (Skaugen et al., 2004). 
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Precipitation is also projected to change - the annual precipitation is going to increase of 

about 0.3 to 2.7 % per decade in different parts of Norway. The biggest increase is 

assumed to be in the north-western and the western regions of Norway (Førland et al., 

2007). Extreme precipitation will be more frequent with changes mainly in the western 

coast of southern Norway (Skaugen et al., 2004). More extreme values of monthly 

precipitation will be during winter, spring and autumn (Førland et al., 2007).  

The annual runoff is expected to increase in many regions of Norway. The winter runoff 

will increase due to more milder winters and also because the precipitation itself is 

projected to increase in Norway. The spring runoff is going to increase in mountains but 

decrease in lower elevations. The summer runoff will decrease because of the reduction 

in rainfalls. The autumn runoff will increase (Førland et al., 2007). 

The observation of wind speed series does not indicate any significant changes in the 

frequency of strong winds from 1961 to 2006. The same scenario for future wind 

conditions does not show any clear tendencies for changes during the next 100 years 

(Førland et al., 2007). 

 

2.5.4. Consequences of extreme weather events 
 

Heavy rainfall in urban areas may cause a lot of damage. Floods may destroy buildings, 

roads, and farms. In steep terrain they can cause landslides that have a potential to take 

lives (Storofsen was characterized by multiple landslides that took many human lives).The 

economic consequences of large floods in Norway in many cases were devastating. The 

damage cost of the 1927 flood was 2.8 mill. NOK only in Telemark, the big flood in 1995 

caused high damage costs of 1800 mill. NOK, a rainstorm 30th August 1996 resulted in 

damage on 250 houses in Kristiansand amounting to 15 mill. NOK. The data from the 

Norwegian Agricultural Authority (SLF) from 1996 to 2005 indicates that flooding caused 

the greatest damage costs in Norway (Figure 20). Also slides that usually follow floods 

cause significant damage. Storm surges may be damaging as well.  

All these extremes constitute over 90 percent of the total assessed damage in the period 

1996–2005(Førland et al., 2007).
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Figure 20. Overview of total assessed damage costs for the various categories of natural hazard during the period from 1996 to 2005  

(The flood from 1995 is included in the figures for floods in 1996 and 1997) (Førland et al., 2007).
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2.6. Rapid mass movements in 

Norway 

2.6.1. Geohazards in Norway 
 

Geohazards can be defined as "events caused by geological conditions or processes which 

represent serious threats to human lives, property, and the natural and built 

environment’’ (Solheim et al., 2005). Mass movements are geohazards driven by 

geological processes. Large areas in Norway are exposed to this type of hazard. Rapid 

mass movements are defined as any short term relocation of geological material, snow or 

ice. There are different types of mass movements that occurred and have potential to 

occur in Norway. On average about 10 large landslides are expected in Norway in the next 

50 – 100 years (Nadim et al., 2008). Each event may possibly lead to 20 - 100 deaths and 

large damages to infrastructure, buildings, construction and properties in many parts of 

Norway (Jaedicke et al., 2006). Many people have been killed in Norway by all kinds of 

slides including rockfalls, avalanches, slides and flows. But still comparing to other 

countries the human losses caused by mass movements are relatively small in Norway. 

The reason is that there is a low population density in the exposed areas. However, the 

economic loss is significant (Nadim et al., 2008). That is why the basic understanding of 

this types of geohazards and the ability to deal with the risks they pose is of a big 

importance (Solheim et al., 2005). 

 

2.6.2. Spatial Distribution of rapid mass 

movements in Norway 
 

The spatial distribution of slide events throughout Norway indicates that most events 

occur in the western and fewer events in the eastern Norway. The most frequent rapid 

mass movements in Norway are rockslides and snow avalanches followed by debris flows 

(Figure 21). The highest number of events is recorded in regions where the terrain is 

steep - along the west coast. It may be observed that snow avalanches dominate in the 

coastal regions of western and northern part of Norway, rockslides and rockfalls are 

abundant in the western Norway and in the Troms area in northern Norway. The inland 

Norway is endangered by debris flows and rockslides (Jaedicke et al., 2009). Quick-clay 

slides in unstable marine sediments are a hazard mostly in the eastern and central 
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Norway, but can also be found in Trøndelag county and northern Norway (Jaedicke et al., 

2008). 

 

 

 

 

Figure 21.  Map of Norway showing slide events classified by slide type 

(Jaedicke et al., 2009). 
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2.6.3. Frequency of slides 
 

The Geological Survey of Norway (NGU), the National Road Authorities (Statens 

Vegvesen, SV ), the Railway Administration (JBV) and the Norwegian Geotechnical 

Institute (NGI) have been working on a common national database for rapid mass 

movements. Information about slides is based on reports about affected public roads, as 

well as data collected by counties and municipalities, and information from newspapers 

and historical books. The database contains information on slide events back to the 

middle ages. But, most events are available after 1973 when the road administration 

started systematical registration of events. Currently the database contains information 

about more than 20 000 individual slide events, but there had to be more events in the 

past since not all events are recorded in the database (Førland et al., 2007). Analysis of 

slides from the national slide database presented by Førland (2007) shows that after 1850 

a gentle increase of slide events occurred. The increase of snow avalanches, debris slides 

and rockfalls was caused by a combination of natural factors, and human/socioeconomic 

factors. It could have been caused by the fact that documentation of events has improved 

since the 17 th century. The reason for the increase in slide records might have been also 

because of an increase in the infrastructural units that were more exposed to slides - the 

Road Authorities started to report all slide events, both small and large, that impacted 

roads. Furthermore, the use of computers where events can easily be transferred over 

many years may contribute to the changes in the number of slides as well. Moreover, the 

quality of the data is influenced by the personal engagement of local observers. However, 

part of the change could be  because of an increase in the natural release frequency of 

slide events. It is important then to take all these factors into consideration while using 

these data for analysis. 

The frequency and scale of natural hazards are expected to change as a result of climate 

change (Førland et al., 2007). An increase in the extreme weather events may also change 

the slides frequency in the next 50 years (Jaedicke et al., 2006). Norway is expected to be 

exposed to an increasing number of natural hazards over the next 50 years. It is not clear 

where snow avalanches and landslides will occur in the future, and there is no precise 

estimate for changes in the frequency of these events. However, an increase in frequency 

for some regions is expected. For example rockfalls and debris flows are expected to 

increase along the coast, especially in western and northern regions. Increase in 

precipitation may destabilize the fractured rock slopes since presence of water is a critical 

factor for their stability. Increased temperatures in the future may also cause thawing of 

permafrost that may further decrease rock and soil stability. It is also difficult to predict 

how climate change may influence the type of slides as a result of increased precipitation, 

but it might be assumed that the frequency of debris flows, rockfalls and snow avalanches 

will increase since these slides are closely correlated with precipitation. More research is 
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required on the types of climatic  parameters that trigger slides, and how these could 

change due to the climate change (Førland et al., 2007).  

 

2.6.4. Historical and recent events 
 

The majority of slide incidents during the last 150 years happened in western and 

northern Norway, and the largest number of human lives were taken by snow avalanches 

(Furseth, 2003). 

There is a historic evidence of 100 damaging slides events that occurred before 1600. In 

the 17 th century 360 slides were recorded with an increased frequency after 1680 (60 of 

these were damaging snow avalanches), the total number of people killed was 600. 

Another example may be 6 February 1679 in western coast of Norway with 135 people 

killed during one night. The 18 th century had 650 damaging slides with a total of 700 

people killed. In that period numerous debris/mudflows occurred. In total 360 debris flow 

events were recorded, mostly during the large floods. One of them took place in eastern 

Norway in December 1734 and is known as ‘Storeflaumen’. The second was in July 1789 - 

‘Storofsen,’ which affected the Otta and Gudbrandsdalen valleys (Nesje et al., 2007). 

During the last glacial maxium during the mid 18 th century numerous slides were 

released (Grove, 1988; Nesje et al., 1994). In the period from 1720 to 1745 many farmers 

applied for tax reduction due to damages to farmlands as a result of slides (Grove and 

Battagel, 1983). An example is the large Tjelle rockslide that occurred in 1756 in 

Langfjorden, 15 million m3 slide triggered a tsunami with a wave height of up to 50 m, 

causing 32 fatalities (Jorstad, 1956). 

About 950 damaging slide incidents and 1400 victims were reported in Norway during the 

19 th century. About 50 % of these events were snow avalanches and about 60 % of the 

people were killed due to snow events. The most dramatic incident was in 1868 in Graura 

(Oppdal) – where the snow avalanche that killed the highest number of people in Norway 

was released. In that incident 32 people were killed. Moreover, during the winter period 

from 1880 to 1881 snow avalanches killed 65 people in different parts of Norway (Nesje 

et al., 2007).  

During the 20 th century 1000 slide accidents occurred and a total of 900 casualties were 

reported (Grove, 1988; Nesje et al., 1994). That times 3 dramatic natural disasters 

occurred with 175 fatalities in total. First two were slides into Leon lake in 1905 (63 

people killed) and in 1936 (73 people killed), and the third was slide into Tafjord in 1934 

(44 people killed along  fjord). In all these events the deaths were caused as result of 

tsunami waves that were generated by slides (Furseth, 2003). 
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Figure 22. Municipality of Fjøra in Tafjord, Norway, before (left) and after (right) the 

tsunami triggered by a massive rockslide into Tafjord in April 1934 (Nadim et al., 2008). 

Quick clay slides are characteristic to the Norwegian geology. The earliest reported events 

of clay slides were mentioned in the Diplomatarium Norvegicum and in the Icelandic 

sagas - 1100 in Stjørdal and 1345 in Støren with 500 casualties in total. One of the 

historical quick -clay slides in Norway occurred on 20 May 1893 in Verdal (Trondheim). A 

flow of 55 million m3 of clay occurred causing 116 recorded fatalities. More recent clay 

slide is a famous ‘’Risa’’ quick clay slide that occurred in 1978 in Trøndelag . It covered an 

area of 330 000 m2. The volume of the slide was 5 - 6 million m3 of clay. One person was 

killed and 14 farms were destroyed (Jaedicke et al., 2008; Nadim et al., 2008). 
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Figure 23. Verdal slide in 1893 (down, oil painting by Hermann Anker, June 1893,held by 

Stiklestad national culture centre, Norway). 

 

 

Figure 24.  The Risa Quick clay slide in 1978 (Nadim et al., 2008). 
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2.6.5. Correlation with weather 
 

The spatial distribution of land areas that are susceptible to slides and avalanches can be 

approximated by studying topography, geological setting, soil parameters and land cover. 

But triggering events are needed to start a slide in susceptible terrain. The most common 

triggers in Norway are of meteorological type. For assessment of threshold values for 

rainfall induced landslides empirical and numerical analysis methods are commonly used 

(Nadim et al.). The relative importance of meteorological factors depends on the studied 

slide type. These conditions are often so called extreme weather events (EWEs), such as 

major storms with heavy rain or snowfall and strong winds. The response time differs for 

each slide type – some slides react quickly within few hours after meteorological input, 

for others the time of reaction may take several months (Sandersen et al., 1996). The 

triggering mechanisms depend further on local and regional variations in the snow cover 

and geology (Jaedicke et al., 2008). There are many conditions that need to be met before 

triggering a natural hazard. It is impossible to clearly identify the exact factor responsible 

for a certain event. Knowledge about climate elements that contribute to triggering of  

slides is important, as well as knowledge about the regional differences in geography, 

geology and climate that influence the frequency of events (Førland et al., 2007). Storms 

that produce short intense rainfalls, or moderate but long lasting rainfalls, have triggered 

many landslides in Norway (Wieczorek et al., 1996).  

Studies of slides and meteorological data showed that snow avalanches have the highest 

correlation with meteorological elements. For snow avalanches precipitation is more 

significant in the western coastal areas, while wind plays the most important role in the 

coastal areas of northern Norway (Figure 25) (Jaedicke et al., 2008). Dry snow avalanches 

are mainly triggered by precipitation and wind, while wet snow avalanches are released 

during warmer temperatures, and this is related to snowmelt in the snowpack (Førland et 

al., 2007). Slushflows are active in early winter during rain on snow events, or in the 

spring during periods of fast melting of snow cover (Hestnes and Sandersen, 1987). 



Background Magdalena Krzystyniak 

 

48 
 

 

Figure 25. Most important triggers for snow avalanche release (areas without symbol 

show too few observations or results without statistical significance) 

 (Jaedicke et al., 2008). 

 

Debris flows indicate close relationship to short term weather parameters – these events 

are possible to be predicted by daily precipitation and temperature. Debris flows are 

found to be triggered by surface erosion during short and intense precipitation events 

and by slow build up of soil pore pressure over longer time periods with lower rainfall 

intensity. Snowmelt in spring is also an important factor for triggering of debris flows in 

Norway (Jaedicke et al., 2008). Along the coast the 24 hour precipitation has the greatest 

impact on debris flows. For the southern and the southwestern Norway accumulated 

precipitation for longer than 3, 10, or 30 days is the trigger. In the north temperatures 

play the most important role and it is probably related to snowmelt (Førland et al., 2007).  

In case of rockfalls and rockslides the most important triggering parameter is 

precipitation, but also thawing of permafrost (Førland et al., 2007). Rockfalls and 

rockslides are more difficult to predict, they show little correlation with short term 
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weather patterns. Their activity might be reflected in long term precipitation, but in 

addition, the geological location is equally important (Jaedicke et al., 2008).  

The seasonal distribution of different types of slides in Norway presented in the Figure 26 

shows the influence of seasonal weather patterns on the occurrence of different slide 

types. It might be observed that debris flows occur during the whole year, but more in 

July due to heavy precipitation and storms dominating during warm summer months. 

Rockslides activity is the highest during the winter time (Jaedicke et al., 2009). Rockfalls 

occurr usually in spring and atumn, due to the tempreture flactulations  between minus 

and plus (Sandersen et al., 1996). 

 

 

Figure 26.  Annual distribution of  the different slide types (Jaedicke et al., 2009). 

 

Different statistical analysis of past landslides and avalanche events versus meteorological 

observations have been performed in Norway. An example of rockfalls analyzed in terms 

of meteorological significance to their initiation might be a rockfall monthly distribution 

of 27 different rockfalls presented by Sandersen et al. (1996). Data was taken from 

Bjerrum and Jørstad (1996). The distribution presented in the Figure 27 indicates that the 

spring time (March, April and May), late autumn (October and November), and the 

begging of winter (December) were all periods of high slide activity (Bjerrum and Jørstad, 

1966). It means that both snowmelt and high precipitation were responsible for triggering 

of rockfalls, which is connected with the increase of pore pressure in the joints system. 

Both seasons are also related to the temperature variations around the freezing point 

(Sandersen et al., 1996). 
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Figure 27. Distribution of rockfalls over the months (Sandersen et al., 1996). 

 

 
The Leon rockslide in 1905 presented by Sandrsen et al. (1996) is an example of rainfall 

induced rockslide. High precipitation in October 1904 lasting till January 1905 was the 

main triggering factor. What might be noticed in the Figure 28 is that the snowmelt took 

place during the last week which might have contributed to the slide as well (Sandersen 

et al., 1996).  
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Figure 28. Long time weather factors prior to the Leon rockslide 15 January 1905 

 (Sandersen et al., 1996). 

 

 
The distribution of debris slides presented by Sandresen et al. (1996) in the Figure 29 

indicates that in the continental climate of Norway slides are active in spring during the 

period from April till May – almost 67% of all slides occurred during this period. The melt 

water production is the governing process. For marine west coast climate of Norway 

flows are frequent in autumn - from August to December. It corresponds to heavy 

rainfalls and some snowmelt.  
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Figure 29. Distribution of debris flows over months (Sandersen et al., 1996). 

 

Important examples of rain induced slides are  the events in autumn 2000 in the south - 

eastern Norway when precipitation reached more that 400% of the normal monthly 

values. The majority of slides occurred in the two counties - Akershus and Buskerud, but 

slides took place close to Kristiansand in the south as well. The land where most slides 

happened was formed from river and marine sediments after the last ice age with large 

areas of desalinated marine quick clays. Thus, most of the slides were clay slides. These 

events were caused by continuous long lasting rain. Furthermore, rain at higher altitudes 

occurred instead of the usual autumn snow falls contributing to increased water levels.  

Combination of high temperatures and high precipitation led to flooding in major parts of 

eastern Norway (Jaedicke and Kleven, 2008). The main mechanism for most of the slides 

was infiltration from precipitation. The observed precipitation varied significantly during 

the few days preceding the slide events. The precipitation stabilized at about 400% of the 

normal monthly value 50 days before the slide. It indicates that landslides occurred due 

to long term infiltration of large amount of water from precipitation rather than a short 

period of intense rainfall causing erosion or rapid increase in the pore pressure. In other 

words it was more the long-term increase in soil moisture content and groundwater level 

that was the critical factor for the release of the slides (Nadim et al.). 
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Figure 30. Chronological Distribution of the registered slides in eastern Norway during the 

autumn 2000 (Jaedicke and Kleven, 2008). 

 

 

 
Figure 31. Typical slide in south – eastern Norway during autumn 2000 

 (Jaedicke and Kleven, 2008). 
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2.6.6. Consequences of slide events 

 

Natural damage is defined as damage that is directly related to a natural disaster. 

Comparing to other countries, the human losses caused by natural hazards are small in 

Norway. This is because the population is low in the exposed areas. The economic losses 

however are big and significant. Because of the development of recreational 

infrastructure in rural areas, society are becoming more vulnerable to geohazards in 

Norway (Jaedicke et al., 2008).  

In Norway slids and snow avalanches destroy roads, railroads and settlements almost 

every year. In addition quick clay slides are common in the southern - eastern and mid 

Norway. Quick clay slides have the most damaging potential, however snow avalanches 

are responsible for most of the fatalities. Large rockslides are also dangerous, they can 

pose risk in terms of damage to infrastructure and property as well as fatalities due to 

their tsunamigenic properties (Jaedicke et al., 2009). Huge rockslides of several million 

cubic meters are a threat to many of the Norwegian fjords, they are the most common in 

the western Norway and in the Troms area in the northern Norway (Braathen et al., 

2004). Debris flows and snow avalanches often hit roads and kill road users (Jaedicke et 

al., 2009). 

In the Figure 32 it might be observed that the most destructive slides during the period 

from 1905 to 2006 occurred along the west coast and in Troms. In the west and north 

snow avalanches were responsible for the highest damage, while in the inner and eastern 

part damage resulting from clay slide events dominated (Førland et al., 2007). The 

number of deaths caused by all types of landslides and avalanches in Norway over the 

past 150 years exceeds 2000. In the Figure 33 it is clear observed that snow avalanches 

are responsible for about 75 %  of the total number of fatalities (Jaedicke et al., 2008). 

The highest number of fatalities was found along the western coast and in Troms caused 

by snow avalanches, debris flows and rockslides. In the eastern part of the country people 

were mostly killed by debris flows and clay slides. A lot of human lives were also taken by 

rockfall events all over the country (Førland et al., 2007).  
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Figure 32. Destructive slides in Norway from 1905 to 2006 (the 13 precipitation regions 

are identified by met.no) (Førland et al., 2007). 
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Figure 33. Number of fatalities related to situation and type of geohazard  

(year 1345–1986) (Jaedicke et al., 2008). 
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3. Methodology  
 

The study area was Norway excluding Svalbard. The period of analysis begins in 1994 and 

extends through the beginning of 2008. The data used for analysis were : list of extreme 

weather events, slides data, climate stations data and meteorological data.  

Selecting of Extreme Weather Events 

The list of extreme weather events for the analysis was provided by The Norwegian                                                                                                               

Meteorological Institute: 

(http://met.no/Norske+ekstremv%C3%A6r+f%C3%A5r+navn.9UFRjO2L.ips).  

The extreme weather is defined by The Norwegian Meteorological Institute as event that 

could cause extensive material damage and threaten the lives and safety of the 

population in a large geographic area (county). Weather phenomena that can cause an 

extreme warning are (http://metlex.met.no/wiki/Ekstremvarsel): 

• Strong wind (storm) - Sterk vind 

• Heavy precipitation/changing temperature conditions, so that there is a risk of 

damage due to flooding - Store nedbørmengder/endrede temperaturforhold, slik 

at det er fare for skadeflom 

• Extremely high avalanche danger in many areas - Ekstremt stor snøskredfare over 

store områder 

• Storm surge (extremely high water levels along parts of the coast) - Stormflo, 

ekstremt høy vannstand langs deler av kysten 

The list includes total number of 53 extreme weather events for the last 15 years that 

happened in Norway. From the list only events that experienced strong wind or heavy 

precipitation were selected cause these were relevant for the analysis. Events that 

happened on Svalbard were excluded since they were not significant. All the 42 extracted 

events are presented in the Appendix 1.  

Locating EWEs and preparing polygons for each EWE location  
 

Polygons of locations for each single EWE were prepared in GIS – Geographic/Geospatial 

Information System based on the list of EWEs provided by The Norwegian                                                                                                               

Meteorological Institute. An example of such a polygon is presented in the Figure 34. 

Locating EWEs was important to prepare basis for further analysis of slide events that 

took place as a consequence of EWEs.  
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Figure 34.  An example of location of EWE number 31 – yellow polygon reflects EWE area. 

 

Extraction of relevant slide events around each extreme weather 

event and analysis of the slide database concerning the place and 

time – at and after EWEs 

 

Having polygons for all EWEs locations a filtering of relevant slides was possible. The slide 

database was provided by NGU – Norges Geologiske Undersøkelse. The database 

provides information about different types of mass movements that occurred in Norway 

(Jaedicke et al., 2009). The types, subtypes and definitions that are available in the 

database are presented in the Table 8. The database was constructed for individual 

events of slides. The slide events are all registered as single point features – the location 

is stored as a point in projected geographical position (Jaedicke et al., 2009). 

From the slide database snow avalanche, rockfall and debris flow events were extracted 

since only these events were important for the study. Having polygons for each single 

EWE location with all the snow avalanche, rockfall and debris flow events that took place 

within the polygon further analysis was possible. It is assumed that slide event can occur 

few days after the EWEs. Thus, the next step was to find slides for each EWE that 

occurred at the day of the EWE and up to 7 days after the EWE. Some EWEs had no 

subsequent slide events and some had many. As a result polygons with all relevant slides 

for each single EWE were obtained, as well as information about what slides and how 
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many occurred at the day of EWEs and up to 7 days after the EWEs (Table 9). The  

selecting process was performed using GIS. 

 

Table 8. The available types and sub types of slides in the database (modified )(Jaedicke et 

al., 2009). 

 

Type Subtype Short definition Norwegian type Norwegian subtype 

Avalanche  

Dry snow, wet snow, 

slushflow 

 

All types of snow 

 

Snøskred 

 

Torr snø, våtsnø, 

sørpe 

Rockfall  

0 – 100 m2, 100 – 

10 000 m2, > 10 000 

m2 

 

Solid rock material of 

different volumes 

 

Steinskred 

 

Steinsprang, lite 

fjellskred, fjellskred 

Debris slide  

Clay slides, quickclay 

slides, other debris 

slides, 

mudflows/torrents 

 

Clay materials, 

chemically 

destabilized marine 

clay materials, loose 

geological materials, 

loose geological 

materials with 

dominating water 

fraction 

 

Løsmasseskred 

 

Leire, kvikkleire, 

løsmasse, flomskred 

Icefall  

No sub type 

 

All types of ice 

 

Isnedfall 

 

- 

Sub – aqueous slide  

No sub type 

 

All types of 

movements under the 

water surface 

 

Undervannskred 

 

- 
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Figure 35. An example of a polygon for location of EWE number 31 and slide events that 

took place as a result of EWE – yellow polygon reflects the location, black spots indicate 

slide events. 

 

Table 9. Number of slide events around EWE number 31. 

Day No. of slides Rockfall Debris 
flow 

Snow 
avalanche  

0 76 28 48 0 

1 3 3 0 0 

2 4 4 0 0 

3 0 0 0 0 

4 2 2 0 0 

5 4 4 0 0 

6 5 5 0 0 

7 0 0 0 0 

Total 94 46 48 0 
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Filtering of relevant climate stations in  the surrounding of  the 

events 

The meteorological stations were provided by The Norwegian Meteorological Institute 

(met.no). Each of the climate regions in Norway is covered by several stations. Thus, the 

filtering of relevant climate stations for all EWES had to be performed. The selection was 

performed in GIS and was based on the following criteria: 

• stations had to be working when EWEs happened and had to measure required 

weather elements every day, 

• climate stations had to provide relevant data - daily wind velocities, daily 

precipitation and daily temperature, 

• station for a single EWE should be located relatively equidistant from each slide 

event,  

• one station had to represent the entire EWE. 

Filtering of relevant stations was important for further analysis of detailed weather 

conditions around EWEs. This was necessary to find the correlation between EWEs and 

slide events.  
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Figure 36. An example of filtered climate station for EWE number 31 – yellow polygon 

reflects the location, black spots indicate slide events and the red pushpin indicates the 

location of climate station. 

 
Extraction of relevant meteorological data from  selected stations 

The weather data were taken from eKlima (eKlima.no) -  a web portal which gives free 

access to the climate database of The Norwegian Meteorological Institute. The climate 

database contains data from all present and past weather stations of The Norwegian 

Meteorological institute.   

From eKlima  list of meteorological data from stations were picked out for each single 

EWE. The data provided daily weather observations prior, at and after the EWEs. The 

important data were precipitation, temperatures and wind velocities. An example of such 

a list of weather data for EWE number 31 might be found in the Appendix 2.  

From the list of weather data taken from the station only important data were extracted 

as presented in Table 10. These data were necessary to prepare a good base for further 

analysis of the relationship between weather and slide events. Graphs showing the 

precipitation scenarios for each EWE, the maximum and minimum temperatures before 

and at the EWE day, as well as maximum wind velocity were prepared based on these 

data and are presented in the results part. 
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Table 10. A table showing all the meteorological data gathered for the EWE number 31. 

Weather data  for EWE number 31 

Accumulated precipitation 7 days before the EWE [mm] 190 

Accumulated precipitation for 14 days [mm] 322 

Precipitation at the EWE day [mm] 24 

Maximum temperature before the EWE [°C] 17 

Minimum temperature before the EWE [°C] 5 

Maximum temperature at the EWE day [°C] 14 

Minimum temperature at the EWE day [°C] 11 

Maximum wind velocity at the  EWE day [m/s] 7 
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4. Results  

 

Number of slide events, types of slide events and their seasonal 

distribution 

All the results based on the data obtained are presented in this part. From the list of 

extreme weather events presented in the Appendix 1 a total of 26 events were extracted 

according to their importance for the study. Detailed description of these events might be 

found in the Appendix 1 and Appendix 3. The EWEs that were analyzed are listed in the 

Table 11. The time and location for each of the events, as well as the surface of the 

affected areas are also presented in the Table 11. The number of slide events (total and 

by type) that occurred around each of the EWEs might be found in same table as well.  

The total number of slide events that occurred was 479 events. According to the Figure 37 

the most numerous were rockfalls – 233 events, followed by snow avalanches – 141 

events. Debris flow events were rare comparing to rockfalls and snow avalanches – total 

of 105 events. It may be observed in the Figure 38 that more than half the EWEs had less 

than 10 slide events. Only few EWEs had numerous slide events, more than 40 slides. The 

Figure 39 shows that the highest number of slide events took place around the EWE 

number 31 – 14.09.2005. It was EWE called Kristin. During that event 94 slide events 

occurred including rockfalls and debris flows.  

According to the Figure 39 rockfalls took place in almost every EWEs. The largest number 

of debris flows occurred during the EWE number 31 – 14.09.2005 and 32 – 14.11.2005, 

while during the EWE number 3 – 30.01.1995 snow avalanches were the most numerous. 

The seasonal distribution of slides presented in the Figure 40 shows that slides were the 

most frequent during the winter months and the smallest slides activity was found to be 

during summer. From the Figure 41 it was found that during the winter rockfalls and 

snow avalanches had the highest activity, in the autumn all 3 types occurred, in the spring 

only few snow avalanche events took place, while in the summer rockfalls and debris 

flows happened. 
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Table 11.  Extreme weather events, their time, location, surface of affected areas and the 

number of slide events. 

EWE Date  Location Surface of 

affected area 

(km
2
) 

Number of  

slide events 

Rockfall Debris 

Flow 

Snow 

avalanche 

1 8.12.1994  Lindesnes till Fedje 12241 1 1 0 0 

2 19.01.1995  Hordaland,Rogaland  
Sogn og Fjordane 

55101 10 5 0 5 

3 30.1.1995  Hordaland,  
Sogn og Fjordane, 

Trøndelag 

96563 56 16 1 39 

8 11.11.1995  Troms and  West-
Finnmark 

68333 2 0 0 2 

13 29.01.1997  Nordland, Troms and 
Finnmark 

168733 19 1 0 18 

14 07.021997  Nordfjord, More og 
Romsdal, Trondelag 

98601 10 4 0 6 

15 17.02.1997  Rogaland, Hordaland, 
 Sogn og Fjordane, 

Trondelag 

108526 72 48 0 24 

17 28.11.1999  Hordaland,  
Sogn og Fjordane, 

Trondelag 

96563 7 7 0 0 

18 24.12.1999  Agder, Telemark,  
Vestfold, Ostfold 

41419 2 2 0 0 

19 27.03.2000  East Finnmark 31816 21 0 0 21 

22 17.12.2002  Vesteralen, Troms, 
Finnmark 

232366 3 0 0 3 

23 14.01.2003  More og Romsdal, 
Trondelag and 

Trondheimsfjorden 

33714 5 1 1 3 

24 03.12.2003  Salten till West-
Finnmark 

123359 2 2 0 0 

25 06.12.2003  More og Romsdal, 
Trondelag 

75140 
 

1 1 0 0 

27 21.12.2004  Nordmore till Vesteralen 194934 2 0 0 2 

28 08.01.2005  South of Rogaland, 
Agder 

21744 13 12 1 0 

29 10.01.2005  North of Trondelag till 
Lotofen 

61846 1 0 0 1 

30 11.01.2005  Egersund til 
Kristiansund 

25269 7 6 1 0 

31 14.09.2005  Hordaland,  
Sogn og Fjordane 

43138 94 46 48 0 

32 14.11.2005  Hordaland, 
Rogaland,Sogn og 

Fjordane 

55101 76 24 51 1 

33 11.12.2005  Helgeland, Saltfjellet, 
Salten, Lofoten 

51437 3 2 0 1 

34 18.01.2006  Namdalen till West-
Finnmark 

153866 7 6 0 1 

35 13.01.2007  Rogaland, Hordaland, 
Sogn og Fjordane 

55101 44 34 2 8 

36 19.12.2007  North of Troms, 
Finnmark 

65983 2 2 0 0 

37 25.01.2008  Sognefjorden till 
Kristiansund 

45176 16 10 0 6 

38 31.01.2008  Agder, Telemark, 
East/West Fold 

41419 3 3 0 0 
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Figure 37. Number of slide events by type. 
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Figure 38. Number of slides for each EWE. 
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Figure 39. Number of slides by type for each EWE.
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Figure 40. Seasonal distribution of all slide events. 

 

 

Figure 41. Seasonal distribution of slides by type. 
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According to the Figure 42 that presents the temporal relationship between EWEs and slide 

events occurrence most of the slide events responded immediately at the day of the 

extreme weather event. There were some events that had the time delay between EWEs 

and slide events. Looking at the Figure 43 it can be observed that debris flows had no time 

delay – they responded immediately at the day of EWE. Almost 95 % of debris flows 

occurred at the day of EWEs. There was no dependence pattern found for rockfalls and snow 

avalanches. These events occurred both at the day of EWEs and with delays. However, 

rockfalls seemed to be more related to EWEs since almost 43 % of all rockfall events 

occurred at the day of EWEs. Whereas snow avalanches occurred approximately equally in 

the amount at the days of EWEs and every day until the seventh day after the EWEs. 

 

 

Figure 42. Temporal relations between EWEs and slide events occurrence ( 0 – at the day of 

the EWE and up to 7 days after the EWE). 
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Figure 43.  Temporal relationship between EWEs and slide events occurrence – 

 by type of slide. 

 

The correlation between slide events and the meteorological 

elements – temperature, wind velocity and precipitation (prior, at and 

after the EWEs) 

 

The data found and used for analysis is presented in the Table 12 . For each of the EWEs  

temperatures, precipitations and wind velocities were found.  

From the graph that is presented in the Figure 44 it might be observed that the 

temperatures 7 days before the EWEs in most cases fluctuated around the freezing point. 

The highest temperatures were found for the EWE number 25 (rockfall ), 31 (rockfalls) and 

debris flows), and 32 – (rockfalls , debris flows and snow avalanche). The lowest 

temperatures occurred prior to EWE number 13 – (snow avalanche and rockfalls) , 18 – 

(rockfall) and 19 – (snow avalanches). The correlation between temperatures and slides was 

clear for debris flows. According to the graph higher temperatures (above zero) were related 

to the occurrence of debris flows. For rockfalls and snow avalanches usually large 

fluctuations of temperatures around the freezing point were observable. 
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Looking at the relationship between temperatures and slides at the day of EWEs in the 

Figure 45 similar correlation was found as for the previous graph. The temperatures related 

to the occurrence of debris flows were rather high – temperatures above zero. It was clearly 

observed for the EWE number 31 and 32 that numerous debris flow events took place during 

such temperature conditions. For rockfalls and snow avalanches temperatures that ranged 

from plus to minus during the day were found to be more related to their occurrence. 

The Figure 46 presents the maximum wind velocity for these EWEs that had subsequent 

snow avalanche events. Most of the EWEs had values of wind velocity that indicate the 

probability for snow drifting that usually lead to avalanches. For 6 events large number of 

snow avalanches occurred related to the high wind velocities. However, some EWEs like for 

example EWE number 3 had the highest amount of snow avalanche events but experienced 

almost no wind – only 1m/s. In contrast some EWEs as 29, 33 or 34 had strong wind events 

but no subsequent snow avalanche events. 

The Figure 47 presents the precipitation amounts at the day of EWEs. It might be observed 

that most of events experienced precipitation. However, the precipitation differed a lot. 

Some events experienced high amounts (EWE number 17, 18 and 32), some events lower 

precipitation, and some events had no precipitation (EWE number 2, 19 and 34). The 

correlation between precipitation and slide events was not really clear . Comparing all EWEs 

it might be noticed that the precipitation was not always proportional to the number of slide 

events. There were some events that experienced no precipitation or little but resulted in a 

large number of slides (EWE number 2, 3, 19, 34), and some events experienced high 

precipitation but had few or no subsequent slides (EWE number 17, 18 and 33). 

The Figure 48 presents the accumulated precipitation for 7 days prior to each EWE. The 

Figure 48 shows that prior to all EWEs there were days with precipitation. The precipitation 

differed for each events, some experienced high amounts of precipitation (EWE number 2, 8, 

17, 30, 31, 32, 35), some lower and some little precipitation (EWE number 19, 24, 34). 

The accumulated precipitations prior EWEs including precipitation at EWEs days are 

presented  in the Figure 49. The Figure 49 indicates that more than half of the EWEs 

experienced in total more than 30 mm of precipitation. Some EWEs (EWE number 17, 30, 31, 

32 and 35) experienced high precipitation and these resulted mostly in rockfall and debris 

flow events. However, rockfalls occurred during events with lower precipitation as well (EWE 

number 3 and 15). Similarly, the correlation between precipitation and snow avalanches was 

not clear. The snow avalanche events took place both during high precipitation events and 

low precipitation events. 
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Table 12. Weather records for all EWEs. 

EWE Tmin - 

7days  

before EWE  

( °C ) 

Tmax  - 

7days  

before EWE 

(°C ) 

T min –at  

EWE day   

(°C) 

T max - at  

EWE day  

(°C ) 

Precipiatation 

at EWE day 

(mm) 

Precipitation 7 

days accumulated 

before EWE  

(mm) 

Maximum 

wind spped 

at EWE day 

(m/s) 

1 -2,1 8,3 6 7,7 10,4 29,4 15,9 

2 0,1 9,7 6 7,1 0 98,8 9,8 

3 -8,8 2 -5,6 -4 0,1 30 1 

8 -4,4 1,1 -2,6 -1,5 5,9 93,9 2,1 

13 -9,2 5,7 -4,6 -0,9 19,4 52,9 8,2 

14 -0,7 6,8 1,7 4,2 3,7 16,5 17,5 

15 -1,4 5,9 1,7 4,2 15,6 43,7 16,5 

17 1,2 11,2 3,5 5,6 53,1 132,3 2,6 

18 -12 3,7 1,2 4,3 46,1 23,2 4,1 

19 -9,7 1,2 -10,9 -1,7 0 4,5 11,8 

22 -1,9 4,2 2,1 3 6 33,8 10,3 

23 -8,2 2,6 0,4 1,4 11 44,4 12,3 

24 -0,9 6,4 5,9 7,9 0,9 9,2 9,8 

25 0,2 15,5 0,5 2 2 26,6 4,1 

27 -1,7 7,9 1 1,9 5,8 34 11,8 

28 3,7 9,3 7 8,4 22,1 57,4 30,9 

29 -1,5 4 0,5 1,4 9,5 21,8 10,8 

30 3 9,8 6,6 8,3 6,8 184,8 9,3 

31 4,6 16,8 11,1 14,3 24,3 189,6 6,8 

32 4,4 13,5 6,7 11,1 88,2 246,9 7,9 

33 -5,4 5,6 3,3 6,2 39,5 16,8 20,1 

34 -0,9 6,6 -2,4 -6,8 0 11,7 9,3 

35 -1,8 9,8 2,9 6,3 26,7 137,2 11,4 

36 -1,5 7,1 1,7 6,4 11 94,8 13,3 

37 -8 3,6 -4,1 1,3 13,5 34,4 4,6 

38 -5,8 1,7 -13,4 -6,5 0,2 21,5 2,5 
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Figure 44. Maximum and minimum temperatures 7 days prior to EWEs. 
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Figure 45. Maximum and minimum temperatures at the day of EWEs. 
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Figure 46. Maximum wind velocity at the day of EWEs. 
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Figure 47. Precipitation at the EWEs days. 
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Figure 48. Accumulated precipitation for 7 days prior to EWEs. 
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Figure 49. Accumulated precipitation 7 days prior to EWEs plus the precipitation at the EWEs.
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Some examples of detailed precipitation conditions prior to EWEs are presented in the 

Figure 50 and in the Figure 51. The first figure presents the accumulated precipitation 

prior to EWE number 19. This event is an example of situation with a low amount of 

precipitation and many slides. It was observed that all the slide events were snow 

avalanches and the response time varied. The second figure is an example of the EWE 

number 31 where there was a high amount of precipitation and many subsequent slides. 

In this case most of the slides that occurred were debris flows and rockfalls. The response 

time for debris flows was immediate, they occurred at the day of EWE, while for rockfalls 

the response time differed. Similar graphs for all EWEs might be found in the Appendix 3. 

 

 

 

Figure 50. The accumulated precipitation and subsequent slide events for EWE 19.  
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Figure 51. The accumulated precipitation and subsequent slide events for EWE 31. 
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5. Discussion  
 

The basis of this study are the EWEs as defined by the Norwegian Meteorological 

institute. Each of the EWEs is described with a short text. The affected land area is 

defined by counties that experienced the EWE. To be able to analyze the number and 

types of slides that were triggered by EWEs for each EWE a plygon had to be assigned 

based on the information provided by The Norwegian Meteorological Institute (met.no). 

However, this information was rather general, mostly based on the wind velocities along 

the coast. The surface of the affected areas according to information from The Norwegian 

Metrological Institute were large. Usually the polygons that were created for the analysis 

covered several counties. Thus, it was not easy to find the exact locations that were 

directly impacted by EWEs. Moreover, the selection of meteorological station that could 

represent such big areas was difficult. It was tried to choose one station that would 

represent the whole area as good as possible. This procedure prevents local weather 

phenomena to be represented in the data.  

According to the results from the analysis during the last 15 years Norway experienced 

extreme weather events every year. Some years experienced even several EWEs. Not all 

EWEs, but still a considerable number led to slide events. The total number of slide events 

that occurred around EWEs was 479. In most cases during one single EWE less than 10 

slides occurred. Only few EWEs had numerous slide events and these were EWEs that 

resulted in debris flows and rockfalls triggered by heavy precipitation. From the total 

number of slide events the most numerous were rockfalls followed by snow avalanches. 

Debris flow events were rare comparing to rockfalls and snow avalanches. The reason for 

that could be that most of the EWEs for the last 15 years occurred during winter months 

when debris flows activity is usually the lowest. The high number of recorded rockfalls 

could be explained by the fact that rockfalls often impact the transport infrastructure, 

thus might have been recorded more frequently than other slide events.  

The spatial distribution of EWEs indicates that EWEs having subsequent slide events were 

those that occurred in the western, mid and northern Norway. The highest number of 

slides was found to occur in the western part, while almost no slides occurred in the 

eastern part. There were many slides in the Nordland and in the north – Troms and 

Finnmark counties as well. Snow avalanches were abundant both along the west coast 

that might have been related to precipitation and along the coast of north Norway 

because of the steep terrain and long winters. Rockfalls were common both in the 

western Norway where the slopes are steep and the  precipitation is intensive, and in the 

north Norway where frequent fluctuations around the freezing point might contribute to 

frost weakening of the rocks. Debris flows occurred in western Norway along the coast 

and inland, and this could have been related to the geology and high amounts of 
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precipitation in that regions. The spatial distribution of slide events in Norway presented 

by Jaedicke (2009) shows a similar pattern.  

The seasonal distribution of slides indicates that the highest number of slide events took 

place during the winter months and these were mainly snow avalanches and rockfalls. 

This is reasonable since during this season there is an intensive snow precipitation that 

contribute to snow avalanche release and fluctuation of temperatures along the freezing 

point. Such conditions lead to instability of rock masses resulting in many rockfall events. 
Autumn was abundant in rockfalls and debris flows due to high precipitation. Summer 

experienced debris flows and rockfalls. This could have been caused by intensive short 

duration rainfalls that are frequent during this season. During the spring only snow 

avalanches took place. The seasonal distribution is comparable with the distribution that 

Sandersen et al. (1996) presented in his paper. 

Weather conditions such as precipitation, temperature and wind are important triggers of 

landslides and snow avalanches in Norway. The obtained results show that rockfalls were 

related both to low temperatures where frost played the role as a trigger and higher 

temperatures that brings intensive precipitation or snowmelt. The results are consistent 

with the literature. It has been stated by Highland et al. (2008) and Wieczorek et al. 

(1996) that rockfalls are triggered by the increase of pore pressure in the joint systems in 

rocks as a result of rainfall or rapid snowmelt.  

The studied rockfalls indicate a relation to precipitation. However, the amount of 

precipitation was not extreme according to the literature. Statistical data from Norway 

indicate that slides can be expected if the accumulated rainfall in one day is greater than 

8% of the annual rainfall (Sassa and Canuti, 2008). It has been also found by Førland et al. 

(2007) that extreme 1 day precipitation in the east and north Norway is from 30 to 50 mm 

and in some regions even less than 30 mm, while in the west and in the south the 

extreme is more than 90 mm and even more 140 mm along the coast. Comparing the 

results of this study with statistics from earlier research the precipitation values were 

smaller and can not be called extremes. However, EWEs that were accompanied by a high 

number of rockfalls experienced much higher precipitation than the other events. This 

clearly indicates a good correlation. The remaining rockfall events might have been more 

related to other factors like snowmelt, frost or even human factors. Furthermore, the 

accumulated precipitation prior to rockfalls shows that for almost all rockfalls there was 

continuous precipitation before EWEs and this could have caused an increase of pore 

pressure leading to slides. The most reasonable reason seems to be the fact that the 

precipitation amounts could have achieved the critical values locally but that they were 

not recorded by the representative meteorological station used for the analysis.  
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According to the literature debris flows indicate the closest relationship to precipitation, 

thus are possible to be predicted by daily precipitation and temperatures observations 

(Sandersen et al., 1996). The results show good correlation between debris flows and 

weather factors. Debris flows occurred in summer and in autumn, both temperature and 

precipitation were high during those EWEs that experienced debris flows. The amount of 

precipitation was the highest for this type of slide events. Even though the precipitation 

values were not as high to be defined as extreme, clear dependence is observable. Snow 

melt can be rejected as a contributing factor because of the season. The observed slides 

had to be caused by surface erosion due to intense precipitation or because of the build 

up of soil pore pressure over longer time with precipitation prior to EWEs. The local 

precipitation might have been even much higher but the representative stations could 

not have been able to record it because of too long distance from the slide events.  

According to McClung et al. (2006) snow avalanches are often triggered by new snow 

deposition, snow accumulated during storms, or snow transported by wind. Moreover, 

high temperatures may contribute to snow avalanches release. Either by increasing 

tension in the snow by snow creep or by decreasing the snow strength rapidly. Comparing 

the results from this study with the literature it may be observed that the correlation 

between precipitation and snow avalanches is not clear. The snow avalanche events took 

place both during high and low precipitation events, but there were more events with low 

precipitation. It means that there had to be other factors that led to snow avalanches. 

The temperatures during snow avalanche events fluctuated around the freezing point. 

Snowmelt during spring season or the long periods of cold weather in winter could lead to 

avalanches. However, it is more reasonable to look for the explanation of low 

precipitation values in the selection of the stations used in this study. Stations used for 

the analysis were located in the valleys not in the mountains, so they might have failed to 

record the local precipitation amounts in the mountains. The wind velocities during the 

EWEs were for almost all events more than 5 m/s. At this wind speed snow is starting to 

be transported into the starting zones of avalanche paths. Wind was probably the main 

trigger for all the snow avalanche events for this study. The correlation with wind was 

good comparing to precipitation. But strong wind could cause also difficulties in 

measuring precipitation which may be another explanation for the low precipitation 

amounts found for snow avalanche events. 

Sandersen et al. (1996) has stated that the response time from weather event to slide 

event differs for each slide type – some slides react quickly within few hours after 

meteorological input, for others the time of reaction may take even up to several months. 

The analysis of temporal relationships between slide events and extreme weather events 

in this study was found to be good for debris flows. Almost 100% of debris flows took 

place immediately at the day of EWEs. This adds confidence to the hypothesis that they 

were strongly related to EWEs and the intensive rainfall. In case of rockfalls and snow 

avalanches the time lag between triggering weather events and the release of slide 



Discussion Magdalena Krzystyniak 

 

85 
 

events suggests that they were not directly triggered by EWEs and there had to be other 

driving factors. A good example for that is the day five after the EWEs when a lot of snow 

avalanches occurred. This may indicate that the snow avalanche events were triggered by 

snow creep because of low temperatures or by loss of strength in the snowpack due to 

warming of the snowpack during the EWEs.  

The method used was not good enough to get a proper and detailed information about 

weather conditions around EWEs and to find correlation between EWEs and slides. The 

method should be improved. The locations could be divided into more polygons, each 

polygon could cover small area. For such small areas the representative station would be 

easier to choose. Furthermore, the stations for weather conditions around rockfall and 

snow avalanche events should be located in the mountains to reflect the real local 

weather conditions.  
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6. Conclusions 
 

Norway was frequently exposed to extreme weather events (EWEs) during the past 15 

years. These events were caused mostly by intensive low pressure systems over the North 

Sea and had affected most of the country. Some of EWEs were triggers for slide events 

especially in mountainous areas. The information that The Norwegian Meteorological 

Institute gives about the analyzed EWEs is general. The definitions relay on wind 

velocities along the coast rather than on precipitation. It is impossible to identify the 

exact factor responsible for a certain event because specific conditions need to be met 

before triggering of slides, as well as an interaction with other triggering factors. The 

EWEs definition is poorly applicable for the study of slide events. However, it is possible 

to extract some common characteristics. The best correlation with EWEs had debris flow 

events. The temporal relationship between these events showed that debris flows 

occurred at the day of EWEs. EWEs were the best indicators for debris flows. Triggering 

mechanisms of rockfalls and snow avalanches were found to be not fully understood. It 

was observed that certain EWEs had a triggering effect on the release of those events, but 

the temporal relationships between rockfalls/snow avalanches and EWEs were disturbed 

due to time delays. There was almost no relations observed between precipitation and 

snow avalanches. However, EWEs worked quite good as an indicator for snow avalanche 

events. Snow avalanches are strongly related to wind and the definition of EWEs are 

based mainly on the wind velocities. For rockfalls EWEs have shown to be poor indicator.  

 Extremes have a local extent. There is always a risk that a certain weather event was not 

captured by the observational network, or that only one station recorded this event. 

There is always a problem with suitable meteorological data collection for statistics. It is 

important for statistical analysis to have larger samples, while in this analysis the sample 

of 15 years of EWEs was too small to achieve conclusive results. Thresholds for slide 

events depend strongly on local geology, geomorphology and climatologic conditions. The 

warm and cold temperatures periods or short term precipitation events are often not 

covered by EWEs since they are not connected with a major storm system. Slide events 

are mostly triggered by local precipitation events that cause many of the landslides. In 

this study for a single EWE only one station was chosen to represent EWE over a large 

area. Therefore, the main challenge was to choose the most representative 

meteorological station for each EWE. For the understanding of the processes involved in 

each slide detailed information on all involved parameters of that single slide is required. 

Such continuous and homogenous data were not provided by EWEs characteristic. It is 

therefore recommended that the definition of EWE as used by The Norwegian 

Meteorological Institute should be changed to account also for events of intense short 

term precipitation, long lasting warm or cold spells and long term precipitation like 
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Southern Norway experienced in summer 2011. Only having such detailed data a solid 

correlation between EWEs and slide events could be possible to establish. 
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Table 13.  List of  extreme weather events selected from the data provided by The Norwegian Meteorological Institute. The events marked in red 

are the extracted events that had subsequent slide events and were selected for the analysis. 

 
Number    
of EWE 

 
Date 

 

 
EWE name 

 
Location 

 

 
EWE –  

original description 
 

 
EWE description 

 

1 
 

08.12.1994 
 

 
unknown 

 
Lindesnes – Fedje 

 

 
Full og til dels sterk storm 

 

 
Full and sometimes strong wind 

 
2 

 
19.01.1995 

 
 

 
unknown 

 
Rogaland, 

Hordaland, Sogn og 
Fjordane 

 

 
Opp i sterk storm 

 
 

 
Strong wind 

 
3 

 
30.01.1995 

 
 

 
unknown 

 
Hordaland, Sogn and 

Fjordane, Trøndelag  
 

 
Full og till dels sterk 

storm 
 

 
Full and sometimes strong wind 

 
4 

 
27.05.1995 

 
 

 
unknown 

 
Telemark and 
Østlandet 

 

 
Store nedbørmengder 

 

 
Heavy precipitation 

 
5 

 
31.05.1995 

 
 

 
unknown 

 
Telemark and 
Østlandet 

 

 
Store nedbørmengder 

 

 
Heavy precipitation 

 
6 

 
07.06.1995 

 

 
unknown 

 
Østlandet 

 

 
Store nedbørmengder 

 

 
Heavy precipitation 

 
7 

 
12.10.1995 

 

 
Agnar 

 
Nordmøre and 
Trøndelag 

 

 
Sterk storm 

 

 
Strong wind 

 
8 

 
11.11.1995 

 
 

 
Bera 

 
Troms and Vest – 

Finnmark 
 

 
Full storm, Fare for 

snøskred og vanskelige 
kjøreforhold 

 

 
Strong wind, danger of avalanches and difficult driving conditions 

 
9 

 
29.01.1996 

 

 
Dag 

 
East – Finnmark 

 

 
Sterk storm i kyst og 

fjordstrøk 
 

 
Strong winds in coastal and fjord areas 
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Number    
of EWE 

 
Date 

 

 
EWE name 

 
Location 

 

 
EWE –  

original description 
 

 
EWE description 

10 28.02.1996 
 
 

Erika Trøndelag 
 

 

Full storm, kortvarig sterk 
storm 

 

Strong wind 

 
11 

 
12.10.1996 

 

 
Frode 

 
Nordland, Troms and 
West – Finnmark 

 

 
Full eller sterk storm 

 

 
Full or strong wind 

 
12 

 
28.10.1996 

 
 

 
Gerd 

 
Lindesnes til 

Oslofjorden including 
landområder 

 

 
Opp til storm med kast 

 
 

 
Strong wind along the coast 

 
13 

 
29.01.1997 

 

 
Idun 

 
Nordland,Troms and 

Finnmark 
 

 

 
Full storm for Nordland 

og Troms, Full senere sterk 
storm i Finnmark 

 

 
Strong wind in Nordland, Troms, Finnmark 

 
14 

 
07.02.1997 

 
 

 
Joar 

 
Nordfjord, Møre and 

Romsdal, Trøndelag 
 

 
Sterk storm 

 

 
Strong winds 

 
15 

 
17.02.1997 

 
 
 

 
Kari 

 
Rogaland, 

Hordaland, Sogn and 
Fjordane, Trøndelag 

 

 
Full storm og til dels sterk 

storm 
 
 

 
Strong winds  

 
16 

 
09.11.1998 

 
Mari 

 
Inner south – 
Trøndelag 

 
Full storm 

 

 
Strong winds 

 
17 

 
28.11.1999 

 

 
Olrun 

 
Hordaland, Sogn and 

Fjordane, Trøndelag 
 

 
Full storm eller sterk 

storm 
 

 
Full or strong winds 

 
18 

 
24.12.1999 

 
 

 
Peter 

 
Agder, Telemark, 

Vestfold, Østfold 
 

 
Liten eller full storm 

 

 
Weak or full wind 

 
19 

 
27.03.2000 

 

 
Sølve 

 
Øst - Finnmark 

 

 
Full storm 

 

 
Full/strong wind  

  
15.01.2001 

 
Ulf 

 
Troms and Finnmark 

 
Full storm 

 
Full/strong wind  
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Number    
of EWE 

 
Date 

 

 
EWE name 

 
Location 

 

 
EWE –  

original description 
 

 
EWE description 

20    

 
21 

 
15.12.2001 

 

 
Valdis 

 
Finnmark 

 

 
Sterk storm 

 

 
Strong storm or winds 

 
22 

 
 

17.12.2002 
 
 

 
Yrjan 

 
 

Vesterålen, Troms, 
Finnmark 

 

 
 

Full eller sterk 
Storm 

 

 
 

Full or strong winds 
 

23  
14.01.2003 

 

 
Agda 

 
Møre and 

Romsdal,South – 
Trøndelag, south for 
Trondheimsfjorden 

 

 
Full eller sterk storm 

 
 

 
Full or strong winds 

24  
03.12.2003 

 
 

 
Clara 

 
Salten till west – 

Finnmark 
 

 
Full storm 

 

 
Full/strong winds 

25  
06.12.2003 

 
 

 
Dyre 

 
Møre and Romsdal, 

Trøndelag 
 

 
Full storm 

 
 

 
Full/strong winds 

26  
10.12.2003 

 

 
Edda 

 
Nord - Helgeland till 
South – Troms 

 

 
Full storm, Sterk storm i 

Lofoten 
 

 
Full/strong wind. Strong wind in Lofoten 

27  
21.12.2004 

 

 
Finn 

 
Nord - Møre till 
Vesterålen 

 

 
Full storm, senere sterk 

storm 
 

 
Full storm, later strong wind 

28  
08.01.2005 

 
 
 

 
Gudrun 

 
South of Rogaland 

 
 
 

 
Sterk storm, Agder - 

Svenskegrensa: Liten til full 
storm 

Egersund- 
Svenskegrensa: Høy 

vannstand 
 

 
Weak and strong winds 

29  
10.01.2005 

 

 
Hårek 

 
North of Trøndelag till 

Lofoten 

 
Full - kortvarig sterk 

storm 

 
Full – brief strong winds 
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Number    
of EWE 

 
Date 

 

 
EWE name 

 
Location 

 

 
EWE –  

original description 
 

 
EWE description 

  

30  
11.01.2005 

 

 
Inga 

 
Egersund till 

Kristiansund 
 

 
Stormflo , liten til sterk 

storm 
 

 
Storm surges, weak to strong winds 

31  
14.09.2005 

 
 

 
Kristin 

 
Hordaland, Sogn and 

Fjordane 
 

 

 
Hordaland - ekstrem 

nedbør, Sogn og Fjordane – 
delvis 

 

 
Heavy precipitation in Hordaland and partially in Sogn and Fjordane 

32  
14.11.2005 

 

 
Loke 

 
Counties Rogaland, 

Hordaland og Sogn og 
Fjordane 

 

 
ekstremnedbør lokalt 

 

 
Local extreme heavy precipitation 

33  
11.12.2005 

 
 

 
Mona 

 
Helgeland, Saltfjellet, 
Salten and Lofoten 

 

 
Sørvestlig og store 
nedbørmengder 

 

 
Large amounts of precipitation in southwestern parts 

34  
18.01.2006 

 
 
 
 
 
 

 
Narve 

 
Namdalen, Nordland, 
Troms, coastal and  

fjord regions in West of  
Finnmark 

 

 
Søraustling sterk eller full 
storm på strekningen 
Namdalen, Nordland, 

Troms, kyst – og 
fjordstrøkene i Vest – 

Finnmark 
 

 
South strong wind on the way to Namdalen, Nordland,Troms, coast - and 

fjord areas in West - Finnmark 
 

35  
13.01.2007 

 
 
 

 
 

 
Per 

 
Rogaland, Hordaland 

and Sogn 
 

 
Kortvarig vest senere 

nordvest sterk storm i 
kystområdene Av Rogaland, 

Hordaland og Sogn 
 

 
Brief west and strong northwest winds in coastal areas of Rogaland, 

Hordaland and Sogn 

36  
19.12.2007 

 
 
 

 

 
Rita 

 
North of Troms, East 

Finnmark 
 

 
Vestlig full til sterk storm 

over Nord – Troms, Øst – 
Finnmark samt kyst – og 

fjordstrøkene i Vest – 
Finnmark 

 

 
Westerly full and strong winds over the North - Troms, East - Finnmark 

37  
25.01.2008 

 
Sondre 

 
Sognefjorden – 

 
Full storm 

 
Very high water levels on the way from the Sognefjord – Krisiansund, West 
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Number    
of EWE 

 
Date 

 

 
EWE name 

 
Location 

 

 
EWE –  

original description 
 

 
EWE description 

 
 

 

Krisiansund full storm 

38  
 

31.01.2008 
 
 
 

 
Tuva 

 
Coast of Farsund  till 

the Swedish border 

 
Full storm 25 m/s på 

kyststrekningen fra Farsund 
til svenskegrensa 

 

 
Full wind up to 25 m/s 

39  
25.10.2008 

 
 
 
 
 
 

 
 

 
Ulrik 

 
Vulnerable places in 

Nordfjord, More and 
Romsdal, Trøndelag, 

Helgeland 
 

 
Kortvarig vestling sterk 

storm 30m/s utsatte steder , 
i Nordfjord, Møre og 

Romsdal og Trøndelag. 
Kortvarig sørvestling sterk 
storm 30m/s på kysten og i 

fjellet på Saltfjellet og 
Helgeland 

 

 
Brief westerly strong winds 30m/s - vulnerable places in Nordfjord, More and 

Romsdal and Trøndelag. Brief southwesterly  strong wind 30m/ s on the coast 
and in the mountains of Salt Rock and Helgeland 

 
 
 

40  
20.11.2008 

 
 
 
 

 
Vera 

 
Coast - north of the 
Trondheim Fjord 

 
Kortvarig sterk storm 

30m/s på kysten nord for 
Trondheimsfjorden 

 

 
Brief strong wind 30m/ s 

41  
31.12.2008 

 
 
 

 
 

 
Yngve 

 
North of Helgeland, 

Salt Rock, Salten and 
Lofoten 

 
Kortvarig nordvestling 

sterk  storm 30m/s for 
området Nord – Helgeland , 

Saltfjellet , Salten og 
Lofoten 

 

 
Strong northwest wind 

30m / s 

42  
26.01.2010 

 
 
 
 
 
 
 

 

 
Ask 

 
Nordland, Troms and 

West Finnmark, coastal 
and fjord districts of 
eastern Finnmark 

 
Sørvestling full  storm 25 

m/s , kortvarig sterk  storm 
30m/s utsatte steder i 

Nordland , Troms og Vest 
Finnmark. 

Sørvestling full storm 25 
m/s, sterk storm 30 m/s 
utsatte steder i kyst og 

fjordstrøkene i øst Finnmark 

 
Southwesterly  winds 

25 m/s, brief strong wind 30m /s exposed areas of Nordland, Troms and 
West Finnmark. 

Southwest wind 25 m/s, strong wind 30 m/s exposed areas in the coastal and 
fjord districts of eastern Finnmark 
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Table 14. Weather data picked out for an EWE number 31 – 0 day indicates the day of EWE, 

minus sign days prior and pus signs days after EWE. 

 

Day Time (hour) Temperature  
[°C] 

24 – hour 
precipitation 

[mm] 

Accumulated 
precipitation 

[mm] 

Wind 
velocity 

[m/s] 
-7 1 15,7   3 

-7 7 16,1   4,2 

-7 13 15,8   4,4 

-7 19 13,6   4,1 
-6 1 13,7   4,1 

-6 7 14,1 15,7 15,7 5,2 

-6 13 12,1   7,5 

-6 19 10,7   3,1 

-5 1 10,4   4,3 

-5 7 8 12 27,7 1,4 

-5 13 13,1   4,1 

-5 19 11,2   3,5 

-4 1 8   1,7 

-4 7 4,6 0 27,7 0,4 

-4 13 16,8   1,9 

-4 19 13,1   1,2 

-3 1 8,7   2,1 

-3 7 10,8 0 27,7 2,5 

-3 13 14,8   5,5 

-3 19 13   2 

-2 1 11,2   1,5 

-2 7 10,6 5,1 32,8 0,9 

-2 13 13   2,8 

-2 19 10,9   3,2 

-1 1 8,8   2,5 

-1 7 10,2 0,3 33,1 6,6 

-1 13 12,8   5,2 

-1 19 14,3   6 

0 1 14,3   6,8 

0 7 12,3 156,5 189,6 5,3 

0 13 11,7   4,9 

0 19 11,1   4 

1 1 10   5,7 

1 7 8,8 24,3 213,9 3,1 

1 13 12,8   6,4 

1 19 8,8   10 

2 1 6,3   3,2 

2 7 4,6 2 215,9 0,9 

2 13 10,1   6,9 

2 19 8,7   4,3 

3 1 5,7   1,6 
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3 7 6,5 0,3 216,2 2,4 

3 13 10,4   8,2 

3 19 9,6   5,3 

4 1 11,3   1,6 

4 7 12,1 44,6 260,8 1,8 

4 13 12,9   3,6 

4 19 12,4   3,8 

5 1 12,6   3,8 

5 7 13,1 19,8 280,6 5,3 

5 13 15   9,7 

5 19 13,9   7,7 

6 1 12,3   1,4 

6 7 11,2 35,7 316,3 2,3 

6 13 13,1   3 

6 19 11,7   2 

7 1 9,2   1,6 

7 7 10,3 5,8 322,1 3,5 

7 13 12,2   3,5 

7 19 13   3,2 
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