RISK ACCEPTANCE CRITERIA FOR GRAVITY MASS FLOWS IN NORWAY -
ARE WE ON THE RIGHT LEVEL?
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ABSTRACT

As part of the input to the new parliamentary report on landslides and floods in Norway, NGI has done a review of current regulations,
responsibilities, arrangements, and practices. The study compares criteria expressing acceptable risk across various sectors, consequence
categories and hazard types to investigate how these harmonise between disciplines. Risk management in other countries which may have
transferable value to Norway is also explored. We find that the risk acceptance criteria established in the Norwegian public sector differ
in form, making it challenging to compare them. Different risk acceptance levels may imply that the value of life, health, and material and
environmental damage is assessed differently between sectors. The harmonization of risk acceptance criteria across sectors could likely

improve achieved risk reduction per invested NOK.

INTRODUCTION

The Norwegian government is currently working on a new parliamentary report on floods and landslides, following several serious incidents
over the past decade. The Gjerdrum landslide in 2020 destroying several houses and causing 10 fatalities, and the extreme weather event
“Hans” in 2023 causing flooding and landslides with around 4000 evacuees and material damages estimated to 2,8 billion NOK in insurance
payments (bygg,no, 2023), are examples of incidents illustrating the significant consequences and emphasizing the importance of prevention

and preparedness efforts.

The new parliamentary report aims to provide a basis for assessing the long-term ambitions regarding risk reduction associated with floods
and landslides in Norway. NGI has together with consultant Menon Economics, specializing in economic analyses, conducted a study on
the risk acceptance of floods and landslides, as input to the parliamentary report. The study reviews current regulations, responsibilities,
arrangements, and practices (NGI and Menon, 2023). This paper discusses findings related to gravity mass flows (GMFs) and compares them
with practice in similar countries. GMFs in this paper include snow avalanches, debris flows, slush flows, landslides and rockfalls / small

rock avalanches up to 100 000 m3 including secondary hazards such as tsunamis.

RESULTS
Criteria expressing acceptable risk are compared across various sectors, consequence categories and hazard types in order to examine how
these align. Improvements are suggested to ensure harmonised risk acceptance levels between disciplines. The study also included review

of risk management in other countries which may have transferable value to Norway.

The comparison reveals several differences in the acceptance criteria in Norway between sectors and types of natural hazards:

e Differences in the level/parameter the acceptance criteria apply to: Parameters encompass the probability of natural hazards (e.g., in
building regulations), threshold values for the intensity of an event (NVE guide no. 4/2022), or risk parameters, such as individual risk
(overarching criterion for railway).

e  Variation in return periods of natural hazards: These vary both with the type of hazard and consequence category.

o Different scales for probability assessment: (per width of a property, typically 30 m, for buildings, per km for roads).

e Content of consequence categories varies through sectors: It is however common that the number of affected persons, as well as pos-
sible socio-economic losses, govern the categorization into severity classes of consequences. The number of affected persons is often
quantified, while the importance of socio-economic consequences is described verbally. The building regulations do not specify that
life and health should be given more weight than economic or other societal consequences. The fact that the criteria are stricter for
landslides than for slow-growing floods without the potential for loss of human life, however, supports such an interpretation.

e lack of quantitative criteria for existing buildings and infrastructure: The quantitative risk acceptance criteria in Norway apply to new
and not to existing buildings and infrastructure. An exception is within dam safety, where the requirements apply for both new and
existing dam facilities. The railway authority also has an overarching risk acceptance criterion that applies to both new and existing
railways.

e Differences in consideration of climate change: For the design of infrastructure against natural loads, climate change is usually ad-

dressed through multiplication with required climate factors for loads (precipitation, floods) following the recommendations of the
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climate service centre. The Planning and Building Act states that adaptation to expected climate changes should be considered during

planning but does not provide a procedure on how to conduct it.

DISCUSSION ON DIFFERENCES IN CONSEQUENCE CATEGORIES

The Building Technical Regulations (TEK17) defines three different safety classes for placing of buildings in landslide-prone areas. The
safety classes are associated with different acceptable levels of annual probability for landslides, differentiated based on the potential con-
sequences for life, health, and property.

Figure 1 compiles landslide criteria for Switzerland, Austria, and Norway. In the red hazard class, development is not allowed. In the other
hazard classes, development is permitted under various conditions.

In Switzerland, both intensity and probability are used to define hazard classes. In Austria, an event with a 150-year return period is consid-

ered, and hazard classes are differentiated by intensity.

In Norway, the acceptance criteria are defined in three hazard classes, differentiated based on the annual nominal probabilities of significant
damage due to gravity mass flows (GMFs) of 1/100, 1/1000 and 1/5000. The intensity of the events is not specified quantitatively, but though

a verbal description, i.e., “an intensity that could pose a risk to life and health or cause major material damages”.
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"Figure 1: Comparison of the criteria in TEK17 with the criteria in Switzerland and Austria. Description of colour categories for Norway: Red: not allowed to build; orange: building in S1 is

allowed:; yellow: building in ST and SZ is allowed, and light yellow: building in S1, S2, and S3 is allowed."

The verbal description of intensity in TEK 17 indicates a relatively high intensity compared to intensity criteria in some comparable countries.
In Figure 1 we have interpreted an intensity causing significant damage as medium intensity. Countries like Switzerland and Austria accept

higher probabilities (lower return periods), but also have criteria with lower intensity than those used in Norway.

TEK17 opens for a subjective interpretation of what significant damage is, and its occurrence will depend on the building structure. Land-
slide experts do not have the expertise to assess what loads different types of buildings can withstand and consequently, the uncertainty
associated with the hazard zones increases. The lack of quantitative criteria also complicates the comparison of risk levels across hazard

types, sectors, and with other countries.

Risk to life and health is quantified in terms of occupancy and number of exposed persons, while material damages are only qualitatively
described as "small," "medium," and "large". Choosing the right safety class for economic values poses a challenge for municipalities. Strict
enforcement of the regulations may result in buildings with limited occupancy falling into safety class S2, potentially hindering local de-
velopment. Weighing of economic consequences compared to the loss of life and health is challenging, and greater flexibility regarding

economic consequences should be considered.

DISCUSSION ON DIFFERENCES IN SCALES FOR HAZARD ASSESSMENT

In Switzerland, there is a distinction between "dense development" and "dispersed development" in the building regulations. This distinction
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is not made in Norway, as the assessment is done per property width (defined as 30 meters width) without consideration of the density of
development. In the Norwegian regulations, this could lead to accepting a higher probability of GMFs hitting a building for dense devel-

opment.

To our knowledge, most other countries evaluate landslide risk per landslide path, and not per 30 m like in Norway. For rockfalls and shal-
low landslides that occur more randomly along steep mountain slopes, the scale is important. When the hazard probability is distributed
over unit widths of 30 m along a steep mountainside, it is significantly reduced, and the hazard zone could be drawn correspondingly higher
up the mountainside (probability per 30 m is 10 times lower than for the entire mountainside of 300 m). The hazard zone will therefore
not include the extent of the landslide in the same scenario. This represents residual risk and can potentially create a 'mismatch' between

residents' assumed safety against landslides and society's risk acceptance.

For land use planning, it might be appropriate to allow dispersed development in such areas, as the probability of hitting individual build-

ings is sufficiently low. However, urban development might not be permitted in the same area to ensure the safety of the area as a whole.

DISCUSSION ON RETURN PERIODS AND CLIMATE CHANGE CONSIDERATIONS

The annual probabilities of 1/1000 and 1/5000 used in Norway are much longer than the period covered by the available observational data
(landslide history and climate data) used to assess the hazard. It is problematic to extrapolate data from observations to these long return pe-
riods, making the assessments often highly theoretical and with large uncertainties. In fact, today’s practice of basing hazard assessments on
historical data and events is problematic for most hazard types for the future scenario. If quantitative intensity criteria were to be introduced,
it would necessitate scenario-based modelling for each hazard type, which, in turn, would increase the need for realistic and well-founded
input values based on climate data for the return periods for which hazard zones are to be developed. In addition, the assessment should
include the effect of climate change, reflecting that extreme weather events are now expected with an increased frequency. The extrapola-

tion of climate projection data to a 1/5000 annual probability event can be increasingly challenging.

To incorporate the effects of climate change more consistently, explicit formulations regarding climate adjustments should be included along
with requirements for protection against natural hazards. How climate adjustments are included will vary with the type of natural hazard,
necessitating specifications for each hazard type. Recommendations from the Norwegian Climate Services Centre can be utilized for this
purpose. This approach will ensure a more consistent approach to incorporating climate change in risk assessments and contribute to a
more climate-resilient society.

There should be explicit formulations included to consider climate changes in all risk assessments. Existing regulations and guidelines must

be updated to uniformly account for climate changes across all types of hazards that are expected to have altered risk levels in the future.

DISCUSSION ON ACCEPTANCE CRITERIA FOR EXISTING BUILDINGS
Norwegian Building Regulations (TEK17) only applies to new buildings, and there are no explicit acceptance criteria for existing buildings

in Norway.

A mandatory criterion for risk acceptance would potentially incur significant costs because it would entail legally mandated mitigation for
all buildings sufficiently exposed to floods or landslides. The costs of mitigating existing buildings are far greater than the available funds

for implementation of mitigation measures (Kalsnes et al., 2021).

Having a recommended risk acceptance level for existing buildings would help define an acceptable risk level post-mitigation, improving the
cost-benefit analysis process for prioritizing locations and identifying the most cost-effective measures. If the cost of a mitigation measure is

lower than the anticipated value of its damage-reduction, the measure is profitable.

The recommended risk acceptance level must be aligned with the safety needs and available budgets for mitigation. If the recommended
risk acceptance level is less stringent than the criteria in TEK 17, the number of objects requiring mitigation would decrease, considering

only those with the greatest need for mitigation.

Milder risk acceptance criteria than TEK 17 can serve as an incentive for mitigation, as it might be too expensive and extensive to secure to
the TEK 17 level. Defining such criteria can also be used to avoid spending costs for safety measures if it is below the acceptable risk level.
For easier implementation, the recommended criteria could be formulated in a similar manner and with the same probabilities for floods

and landslides as in TEK 17, except that one higher consequence class is allowed.
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CONCLUSIONS AND RECOMMENDATIONS

Our overall understanding of the problem is that the risk acceptance criteria established in the Norwegian public sector differ in form,
making it challenging to obtain an overview. To the extent that risk acceptance criteria influence the priorities of the agencies, different risk
acceptance levels may imply that the value of life, health, and material and environmental damage is assessed differently between sectors.
The consequence of a non-harmonized approach to acceptable risk is that public priorities are suboptimal. This means that one could likely

reduce more risk per budgeted NOK if the risk acceptance criteria were harmonized across sectors.

For an assessment of whether current acceptance criteria are at an appropriate level, comparisons can be made with criteria in other com-
parable countries. Additionally, it's crucial to evaluate the risk landscape and societal acceptance for the current situation. The level of risk
acceptance must be assessed based on what society is willing to tolerate in terms of risk and what is reasonable from a socio-economic

perspective. Criteria that are too stringent could entail unreasonably high costs.
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