
Jean-Marc Tacnet

Multi-criteria decision-making methods in the context of imperfect information for the 

assessment and management of natural risks

by Jean-Marc TACNET, UGA / INRAE / ETNA  

in collaboration with Jean DEZERT (Independent Researcher, ISIF Member. Formerly with ONERA) and Simon Carladous ( 

previously ONF/RTM)

Contact:      jean-marc.tacnet@inrae.fr

mailto:jean-marc.tacnet@irstea.fr


Jean-Marc Tacnet

Natural risks management and 

contexts of decision-making
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We try to get protected against them with good decisions and actions

Rapid mass movements in mountains (avalanches, floods, rockfallsé.)

... threaten people and infrastructures 

source Cemagref

source Cemagref
source Cemagref

source Cemagref

Decision-making context: natural risks management

Risk management context and decision-making
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Emergency zone evacuation (50 houses): Should we protect or destroy?  

Residential zone

Debris flows 5500 m3

Houses

Cliché Agence Reuters ïRobert Pratta 14/1/04

Phenomenon (-> hazard)

Exposure (and vulnerability)

Examples of challenging decisions associated to expertise process

Hazard assessment (nature, volume?)

Study Protection strategies choice

Hazard and risk zoning

Expertise objectives

(Tacnet, 2009)- PhD
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Landslideôspotential volume estimated by experts ....

(Tacnet, 2009)- PhD

Central South

North

Upper cliff

What is the expected volume ?

Who should we trust ?

Are they all reliable in the same way ?  
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Motivation

Risk management itself is a complex decision process (actors,

time and spatial scalesé)

Information used to analyze risk is often imperfect (not only

uncertain): how can we take a decision in this context ? How can

we be confident in the decision taken?

To introduce multicriteria decision-making methods (MCDM) and

show some developments using (new) uncertainty theories for decision-

making under information imperfection

Risk management context and decision-making

This talk
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Outline

Context and motivation

Information imperfection and some (useful) theories

Developments mixing MultiCriteria Decision-Making

(MCDM) and information imperfection

Conclusion

Risk management context and decision-making
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Information imperfection...

rather than (only) uncertainty

ñNoteverything that can be counted counts.

Not everything that counts can be counted.ò

(Cameron, W.B., 1963) in ñInformal Sociology: A Casual Introduction to Sociological Thinkingò
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ñToutce qui peut être compté ne compte pas forcément.

Tout ce qui compte ne peut pas forcément être comptéò
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Some situations (e.g.)...

Å ñTheavalanche will follow this track, no this one ñ: Two (several)

experts have different conclusions ;

Å ñI am sure that the volume will be between 5000 and 10000 m3ò: the

expert is certain but imprecise ;

Å ñI am 75% confident in the fact that the volume will be between 5000

and 10000 m3ò: the expert is uncertain and imprecise: ;

Å ñIjust do not know what is the physical process (the expert may even

not know that it exists)ò: the expert is lacking of information ,

information is missing;

Å ñWe will get 10mm rain todayò: Nature is uncertain (aleatory) ;

Å ñ1% chance that the cliff will collapse but we can investigate more

preciselyò: an expert is uncertain (partial knowledge, epistemic)
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Uncertainty is not the only kind of information imperfectioné 

Probabilities are mostly used but different frameworks* may have an interest

Information imperfection

(Tacnet, 2009)

Theories

* See also Konieczny, S. et Prade, H. (Eds.), 2020. Lôintelligence artificielle, De quoi sôagit-il vraiment, Cepadues Editions, Toulouse, France. 
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Fuzzy sets and possibility

theories
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Information imperfection
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Fuzzy sets theory links numerical and linguistic values 

Population  density :

Åis considered as medium (e.g.) between 14 

and 20;

Åbecomes high from 20 to 24;

Åbecomes low from 14 to 10.

(Zadeh,1965)

Information imperfection

See (Tacnet et al., 2009, 2010)
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Possibility theory (to represent both imprecision and uncertainty) (Dubois,1988)

(Zadeh,1978)

Information imperfection

See (Tacnet et al., 2009, 2010)
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é or how to go beyond probabilities

Belief = State of mind in which one thinks something to be true

Belief function theory

Information imperfection
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Belief function theory (Shafer,1976)

(Shafer,1976)

Information imperfection
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See Information fusion

Many fusion rules exist

See (Tacnet,2009)



Jean-Marc Tacnet

Belief functionsó principles

Frame of discernment (FoD) Power-set

Example

[Dempster 1967,Shafer 1976]

Basic belief assignment (BBA) s.t.

Belief in A:
Degree of

support of A

Plausibility of A:
Degree of non 

contradiction of A

Interpretation

The Uncertainty of unknown value of P(A) is Pl(A)-Bel(A)

Information imperfection
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Hypotheses

(subj.) unknown proba P(A)

Lower bound Upper bound
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Concept of conflict
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Belief function theory

Experts provide basic 
belief assignments

(bbas)  on the different
hypotheses
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Different information sources related to the same « truth » can be discounted

according to their reliability

Information imperfection
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Multicriteria decision-

making principles and 

methods

19

Difference between total and partial agregation

MCDM principles
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e.g. choosing the most effective, 

ranking protection works 

according to their effectivenessé  

3 main categories of multicriteria decision-making problems

MCDM principles
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J.-M. Tacnet & J. Dezert   CDP Risk ïDecision-aiding webinars series

C r o s s  D i s c i p l i n a r y  P r o j e c t

See (Tacnet,2009)
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Development of multicriteria

decision-making methods

éconsidering information 

imperfection
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Objectives of the approach 

Objective: to design decision -aiding methods in a context 

of heterogeneous and imperfect information provided by 

more or less reliable sources é 

Use of belief function theory (and others theories) to 

improve multicriteria decision -making (MCDM) methods  

Principles of methods (several developped since 2009)é

Å ER-MCDA:  replacing aggregation by a fusion process (Choice, Sortingé)

é. many others such as Soft Electre TRI: improving outranking method

(Sorting) see references
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See (Tacnet,2009)



Jean-Marc Tacnet

ER-MCDA* methodology overview
*Evidential Reasoning ïMultiCriteria Decision Analysis

Developments

ER-MCDA* associates (principles of)  multicriteria decision analysis

(AHP), fuzzy sets, possibility and belief function theories

23

(Tacnet, 2009)
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ER-MCDA
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Analytic Hierarchy Process is (only) used to model the problem

(aggregation is replaced by information fusion) 
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A mapping process to link fuzzy sets, possibility and belief function

theories

ER-MCDA
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Imprecise &

uncertain

expert 

assessment

Basic belief

assignments

linked to 

categories
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Hypotheses from 

the frame of 

discernment

Chosen hypothesis is

The method allows not  only to take a decision 

but also to know how much sources (criteria) 

are supporting the choice

ER-MCDA
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Protection ǿƻǊƪǎΩŜŦŦƛŎŀŎȅ
assessment 

An application example
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Built in upper part of torrent watershed

to reduce causes (erosion, landslidesé)

Built in lower part of torrent watershed to 

reduce consequences near exposed

elements (people, buildings) at risk

J.-M. Tacnet/C. Berenguer

Structures are built to protect against , reduce natural risks
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Operational question: 

Are protection measures & strategies effective? 
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Decision to be taken :  what is the checkdamsô series efficacy? 

See Simon Carladousô PhD
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Identifcation of relevant criteria
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Imprecise and

uncertain information

Considering information imperfection to assess criteria
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Imperfect assessment are fused to take a decision
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Imperfect assessment are fused to take a decision

Structural 

effectiveness

High

Medium

Low

None

Basic belief

assignments

resulting from

information 

fusion 

A measure of global ignorance is provided
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Key home messages
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1) Uncertainty is not the only kind of information imperfection : several

frameworks

2) Risk management requires taking decisions based on imperfect,

heterogeneous knowledge and more or less reliable sources : some

models exist to assess risk , to trace reasoning process and to help

decision-making

3) Considering multicriteria decision-aiding methods, some paradoxes

remain : simple methods may have drawbacks but are understandable.

Powerful methods are difficult to explain and understand, they become

black-boxesé

4) Considering information imperfection is possible but using it for

decision-making remains tricky since nobody (incl. a decision-maker) likes

« uncertainties »

On-going applications relates to protection and strategiesôeffectiveness assessment

and preventive maintenance of infrastructures, protection works
36
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BONUS
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Risk components 
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Risk management context and decision-making

Damage potential
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How to decide with belief functions? Several strategies

(e.g.)

Maximum of belief (pessimistic/cautious)

Maximum of plausibility (optimistic)

Compromise with transformation into a probability (e.g. BetP, links with probabilities)

Information imperfection
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Soft ELECTRE TRI (SET) method

for sorting alternatives into categories

based on multi-criteria analysis

ELECTRE (1968)          ELECTRE TRI (1992)           Soft ELECTRE TRI [Dezert-Tacnet 2012]

Introduction of BF Theory in éELECTRE = ELimination Et Choix Traduisant la REalité [Roy 1968]
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Sorting alternatives in categories
For each criteria, we preset categories by some profile bounds

Very bad Bad Good Very good

Profile of alternative

Classic Electre TRI (ET)

41

Which category does ai belong to? ? 
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From partial concordances and discordance 

indices to sigmoidal based bbaôs

Soft Electre TRI  (SET)

More consistent 

representation
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