
NATIONAL MULTI-RISK ANALYSIS FOR NATURAL HAZARDS IN NORWAYD28

ABSTRACT
Following several flood, landslide, and snow avalanches events with major consequences in recent years, a project has been initiated to 

obtain an overall risk picture and better prioritize mitigation measures. As a first step, national flood and landslide databases are analysed. 

This analysis shows that losses of life in the past are mostly due to snow avalanches. While they have become less frequent in buildings, they 

have increased in connection with outdoor activities. In the future a high risk could be related to rock avalanches, but it has likely been over 

evaluated so far. Buildings insurance data are compared to GIS-analyses counting the number of buildings in hazard and preliminary hazard 

maps. Together with an analysis of the overall consequences of past events, they suggest that the risk is dominated by direct and indirect ma-

terial costs. Further analyses are needed to obtain a reliable overall risk picture and to analyse the effect of the different mitigation measures.

INTRODUCTION
Several recent landslides and floods events in Norway have caused large consequences, such as the quick clay landslide in Gjerdrum munic-

ipality in 2020, resulting in 10 deaths, and the severe weather event “Hans” in 2023 that caused widespread flooding and shallow landslides. 

Consequences of such events can be partly avoided by hazard mapping, areal planning, physical protection measures, monitoring, early 

warning and crisis management. However, the different hazard types and mitigation measures are typically managed by different sections of 

the Norwegian Water Resources and Energy Directorate (NVE) and/or other institutions, such as the road and rail authorities. While every 

group has its own priorities, a national risk analysis is needed to help prioritizing between the hazard types and invest in the mitigation 

measures that will be the most effective. This project aims at providing an overview of the risk induced by floods (including glacial lake 

outburst floods), surface runoff water, landslides (rockfall, rock avalanches, debris-flows, shallow landslides, quick clay landslides) and snow 

avalanches (including slushflows) at the national level, and at evaluating which mitigation measures are more adequate to reduce the risk. 

This article presents preliminary results where historic loss of life, registered damage to buildings, expected damage to buildings derived 

from hazard maps, and broad economic consequences of selected events are analysed and give complementary information on the total 

risk picture.

METHODS
Information on past events and hazards in Norway are available from different sources, that all have their limitations. The National Landslide 

Database (NLDB) has information on many historical landslides, but is obviously not exhaustive, even in the recent years. Indeed, landslides 

are for example systematically registered along roads, while landslides happening in remote areas remain unreported. However, an exten-

sive work has been done to register historical landslides with the highest consequences and we expect that most casualties that happened 

after 1800 are registered. Several large events that occurred before 1800 are also well documented. An extensive quality-check was however 

necessary, especially to remove double registrations, mismatches in the data and control the landslide type. The losses of life are categorized 

according to the location where they occurred, for example inside a building, on a road or in nature. A similar database exists for floods, 

but a cross-check with the NLDB was necessary since most casualties registered in the flood database are actually related to landslides 

happening during the same severe weather event, while only few are related to the flood itself. Trends in mortality can then be extracted 

from the NLDB, but to which extent they can be used to assess today’s risk depends on several factors such as recent implementation of 

mitigation measures, changes in exposure and climate change. In addition, while some event types are well distributed in time, such as 

rockfall, other events might be rare, such as rock avalanches, or clustered in time, such as snow avalanches and weather-related landslides. 

Human activities can also have a large influence on the hazard, especially for quick clay landslides.

Direct economic consequences for buildings are registered since 1980 in a database that is maintained by all the insurance companies and 

contains therefore every claim reported in Norway. The cause of the damage is specified, but the categories are broad. Landslides and snow 

avalanches are all registered in the same category, and the precise location inside a municipality is unknown in most cases. Some claims can 

be related to a specific landslide type manually by comparing this data to the NLDB. Since 2010, another database registers damage claims 

related to urban flooding.

Preliminary hazards maps are available for the entire country for floods, snow avalanches, rockfalls, shallow landslides and debris-flow, and 
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will soon be finalized for quick-clay landslides. Detailed hazard maps are available locally for floods and for landslides. These latter com-

bine most of the time snow avalanches, rockfalls, shallow landslides and debris flow on a single map. Hazard maps give an expected range 

of the yearly probability for an event to occur, but when it comes to landslides, they do not provide an intensity or a magnitude, which 

means that the extent of the damage that can be caused to a building is unknown. Yearly probabilities are classified in four categories for 

landslides: ≥1/100, ≥1/1000, ≥1/5000 and <1/5000, while ≥1/20, ≥1/200, ≥1/1000 and <1/1000 are used for floods. Large unstable rock-slopes 

are mapped using a different strategy, where no preliminary hazard map is available and, specific sites are found through a county-wide 

screening and ranked using a classification system where the hazard score can be converted in a failure probability. The conversion to a 

probability has been calibrated on past events, in order to get a total probability that matches the frequency observed in the past at the coun-

try scale. For large unstable rock slopes, the expected number of losses of life is calculated as well during the mapping stage. Consequences 

for buildings are assessed in a GIS-analysis by intersecting building footprints with existing hazard maps or preliminary hazard maps where 

no detailed hazard map is available. To assess the expected number of damaged buildings, two strategies are used: (i) an optimistic one 

using the upper bound of each class and (ii) an averaged one using the logarithmic average of each interval. The results are compared to 

the insurance data to see if the results agree with past events.

Finally, detailed consequences are assessed for selected events and scenarios, including for example the economic consequences of a road 

closure or the psychological effects for the affected population.

RESULTS AND DISCUSSION
The cumulative number of deaths for the different types of natural hazards for all activities is presented in figure 1. Snow avalanches are 

responsible for most of the deaths. However, if the location of the death is analysed, the number of deaths from snow avalanches inside 

buildings is considerably decreasing over time, while the number of deaths in nature is considerably increasing due to the growing pop-

ularity of ski touring. When compared to the population, the average annual individual mortality risk from a snow avalanche impacting a 

building decreased from above 10-6 in 1900 to below 10-7 today.

Rock avalanches and their secondary effects such as tsunamis are poorly represented in the statistics due to their rarity. Hazard and risk 

classification of the already classified unstable rock slopes indicate an average expected number of losses of life of around 27 per year, while 

the average number of deaths the last years for all types of hazards is below 10. Around 75% of the risk calculated for rock avalanches is 

related to Åknes, an unstable rock slope that has both a high probability and high consequences. However, the other unstable rock slopes 

represent a risk that is relatively high as well in comparison to the other hazard types. These preliminary results suggest the rock avalanches 

could be the hazard type with the largest risk when considering only losses of life. However, a recalibration of the probabilities and a less 

pessimistic assessment of the consequences must be done to be more comparable with the statistics of past events.

Figure 1: cumulative number of deaths for the different categories of natural hazards since 1800. Snow avalanches are responsible for most losses of life, which are, for a large majority 

(90-95%) related to ski touring. Some severe single events or clusters of events affect the statistics considerably, such as the snow avalanches in western Norway in February 1868, the 

quick clay landslide in Verdal in 1893 and the rock avalanches in Loen in 1905 and 1936 and in Tafjord in 1934.
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The statistics of buildings damaged by natural hazards show that surface water runoff is very costly, followed by floods, while landslides 

have less consequences. This is particularly true when looking only at the number of claims, but the order remains unchanged when consid-

ering the total losses, although each claim tends to be more expensive for landslides and floods than for surface water runoff. Using hazard 

maps, the expected number of buildings damaged by floods is expected to be larger than the number of buildings affected by landslides. 

Rock avalanches are expected to affect buildings to a lesser extent than the other types of landslides.

A broader analysis of selected past events is presented in figure 2, where the damages are grouped in three categories: (i) direct material 

costs resulting from damage at buildings and infrastructures, (ii) indirect material costs resulting from for example evacuations, traffic dis-

ruptions, cleaning and crisis management and (iii) immaterial costs, which are losses of life converted using a statistical value of life as well 

as psychological consequences. The landslides in Jølster caused one victim, but the consequences are still dominated by material costs, in 

particular damages to infrastructure. The analysis of snow avalanches in Northern Norway is not finished yet, but the consequences will 

likely be dominated by the immaterial costs, since 5 persons lost their life, while the material consequences were relatively limited.

Figure 2: Examples of economic analysis for different events. Note that the calculations for the snow avalanches in Northern Norway (2023) is only preliminary and lacks most of the indirect 

material costs. The immaterial costs of this event are also expected to be higher since only losses of life are included so far.

Several events need to be analysed and will then be generalised to obtain an overall risk picture. Preliminary results suggest that the risk will 

be dominated by material consequences. This is supported by looking at the consequences of the floods and landslides related to “Hans”, 

the severe storm in August 2023 that did not result in any death but caused around 1,3 billion Norwegian kroner (approximately 110 million 

euros) in damages to buildings, while the other direct and indirect material costs remain to be calculated. It is thought to be significant, as 

the flood caused damages to infrastructure such as several railway segments, including a bridge. At this stage of the project, events causing 

surface water runoff, floods and landslide simultaneously are expected to cause the largest losses.

A strategy to estimate the effect of mitigation measures must still be defined. Since the different measures are not necessarily exclusive, but 

often consecutive, the performance of each measure individually is difficult to estimate. However, specific aspects will be evaluated and will 

hopefully contribute to a better risk reduction strategy. This work will likely be done at a regional level to better identify what information 

or mitigations measures are missing in each region to better mitigate the risk.

CONCLUSIONS
Losses of life from natural hazards in Norway are mostly caused by snow avalanches in connection with outdoor activities. In the meantime, 

events combining flood, urban flooding and landslides result in high direct and indirect economic losses. Further work is needed to obtain 

a reliable overall risk picture. The strategy to assess the effectiveness of mitigation measures will be soon establish and will likely be applied 

at a regional level.
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