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INTRODUCTION 

Making the best decision in the event of a natural hazards in mountains (snow avalanches, debris-
flows, rockfalls) often encounters problems in the assessment and management process because of the 
lack of information and knowledge on natural phenomena and the heterogeneity and reliability of the 
information sources available (historical data, field measurements, and expert assessments). How can 
we represent uncertainty, information imperfection and consider their influence on decisions such as 
choosing scenarios, building risk zoning maps...? 

 

Fig. 1  A risk management decision (e.g. defining risk zones)   always uses expert assessments based on 
imperfect information  coming from multiple, heterogeneous and more or  less reliable sources   

One major goal today is therefore to aid decision making by improving the quality, quantity, and 
reliability of the available information. This article presents recent developments based on evidential 
reasoning and multicriteria decision analysis to help decision making by considering information 
imperfections arising from several more or less reliable and possibly conflicting sources of 
information. This paper describe new methodologies and tools to support decision such as choice, 
ranking or sorting alternatives or solutions in the context of natural risks management. Those tools use 
theoretical backgrounds related both to multicriteria decision and „new“ uncertainty theories 
(evidential reasoning, fuzzy logics) that offer powerful and versatile frameworks for expert 
assessment. It is possible to take the decision but also to consider the data input quality and/or expert 
assessment imperfections coming from multiple sources.  

METHODOLOGY 

We describe the principle of the ER-MCDA (Evidential reasoning – multicriteria decision analysis) 
using multicriteria decision analysis, fuzzy sets theory, possibility theory and evidence theory to 
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represent, fuse and propagate information imperfections. Experts, considered more or less reliable, 
provide imprecise and uncertain evaluations of quantitative and qualitative criteria that are combined 
through information fusion. The method is applied to a simplified version of an existing system aiming 
to evaluate the sensitivity of avalanche sites. This new method makes it possible to consider both the 
importance of the information available and reliability in the decision process. It also contributes to 
improving traceability.This new methodology is then extended to consider in the same framework 
both uncertainty and imprecision of the spatial extent of information (e.g. debris-flows, avalanche 
extent) but also its attribute values such as quantitative values (height, speed, volume...) or qualitative 
indexes (e.g. reached, not reached). Imperfect information (spatial extent and/or attribute values) are 
first represented in a G.I.S (Geographic Information System). Information comes from sources such as 
a historical database (imprecise, not fully reliable), expert field analysis (based on an expert judgment) 
or numerical modelling results (whose uncertainty depend on input data quality). Geographic 
information (spatial and attribute values) are processed to be introduced in fusion calculation routines 
using the Dempster-Shafer (DST) theory (Shafer, 1976) and the Dezert-Smarandache Theory (DSmT) 
(Dezert,2009). Information fusion is used to put together all the available information and take a 
decision. At the end, we can spatially represent not only hazard (or risk) level but also a confidence 
level based on the information quality used to take decisions (Fig. 2). 

 

 

Fig. 2 Information imperfection (and uncertainty as a special case) in hazard and risk assessment processes are 
both related to attribute information  (e.g. height or any intensity parameter) and spatial features (e.g. extension 
of a debris-flow).  
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