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INTRODUCTION 

The Swiss Federal Roads Office (FEDRO) started a program to analyse, assess and manage the risks 

resulting from gravity induced natural hazards (rockfall, landslides, avalanche as well as floods and 

debris flows) on the network of national roads in Switzerland (mostly motorways). In a first step, the 

methodological background was developed in order to guarantee a transparent and standardized 

hazard and risk assessment as well as a cost-efficient and cost effective management of the risks. 

Based on this methodology the entire network of national roads is now being assessed. Thus results of 

the first road sections that have been evaluated (in the Reuss valley, Canton of Nidwalden and the 

Leventina valley, all along the Gotthard transit route) can be shown.   

METHODOLOGY 

The risk concept serves a basis for the methodology and comprises three parts: 

Risk analysis – what could happen? (hazard, exposure and consequence analysis) 

Risk evaluation – what is allowed to happen? 

Planning of measures – what needs to be done? 

With the hazard analysis the natural hazards are assessed with respect to their probability and extent. 

For each hazard source scenarios relevant to the threat are selected according to uniform and 

transparent criteria. They consider historical events, statistical data, indicators in the terrain, the 

predisposition of the catchment area and the existing protective measures and the protection forest. 

With the impact analysis the affected areas of each hazard source are delimited. They are represented 

with intensity maps. The assessment of the area affected has to take into account the spatial structure 

of the roads (e. g. the impact on different levels like pillars, road surface and roof of galleries or the 

distinction whether one or both traffic-directions are affected). With regard to the subsequent 

exposure and consequence analysis further parameters have to be determined for each hazard source 

and scenario. This includes parameters such as the probability of closure (precautionary or after an 

event), existing detours and additional driving time for a detour as well as physical impact parameters 

(e. g. occurrence of the process in space, energy and / or pressure, flooding height and velocity). The 

consequences are evaluated according to the intensity of the process (probability of loss of human 

life, costs of cleanup and restoration, duration of closure).  

For the risk analysis the following risks are taken into account: 

• Risks to human life (caused by direct contact or collision with an obstacle) on the road or in 

secondary facilities such as rest areas, service points, etc. 

• Property risks arising as a result of the cleanup and restoration work following a natural 

hazard event. 
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• Availability risks occurring when a section of road has to be closed as a precaution on 

account of a natural hazard event or following such an event.  

All risks are calculated separately in quantitative terms. To convert risks to monetary values, risks to 

human life are multiplied by incremental costs (CHF 5 Mio.) and the detour time of traffic is 

multiplied by average cost of traffic jams (CHF 21 / vehicle and hour).  

The risk evaluation examines whether the risks identified are acceptable or not for the system operator 

and society as a whole. For that purpose the criteria individual risk of death, collective risks from one 

single process source and collective risks per 100 m road-section are considered. 

In the planning of measures, tasks and criteria are defined to set priorities for planning protective 

measures as well as to scrutinise risk reduction measures for their costs and benefit.  

RESULTS AND FIRST EXPERIENCE 

For a 12 km long road section in the Reuss valley, 21 hazard sources were identified, which endanger 

the national roads. The resulting risks are about 170'000 CHF / year. Over 75% of the risks results 

from flood hazards (flooding and erosion of the Reuss river). The criteria of individual risks of death 

is not violated along the evaluated road section, but there is a primarily need for action concerning 

two process sources, because the threshold for the collective risks is exceeded.  

The types of risk caused by different hazard processes are distributed in a characteristic manner (Fig. 

1): Floods cause high property risk whereas avalanches and rockfall put human life at risk and induce 

availability risks.  

The first experiences gained allow concluding that: 

• The network of national roads can be assessed with respect to the danger caused by gravity 

induced natural hazards using a standardized methodology for type, intensity and probability. 

• The resulting consequences can be determined and compared in a quantitative manner. 

• The results can be incorporated into the organisation-wide risk management concept and can 

be compared with other risks. 

• The need for action can be determined by comparing the existing risks to the risk criteria. 

• Priorities for planning of measures can be set and the best protective measure can be 

evaluated according to cost-efficiency and cost-effectiveness. 

 

Fig. 1 Presentation of the collective risks caused by natural hazards along Swiss highways in the Reuss valley 

(Risk per process source, divided into different type of risks and risks per 100 m along the street). 
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