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Risk management context and decision-making

Decision-making context: natural risks management

* ’”’j;‘~ & fﬁ‘f'& \
.. threaten

We try to et protected against them with good decisions and actions
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Examples of challenging decisions associated to expertise process

Emergency zone evacuation (50 houses): Should we protect or destroy?

Exposure (and vulnerability) Houses
: .ﬁ "

4 Expertise objectives _
Y p: ..."f T ‘.m‘;:x
S v o ™ | :
“"—wi Hazard assessment (nature, volume’?)
- | Study Protection strategies choice

Hazard and risk zoning

Jean-Marc Tacnet
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L a nds Ipotehtab wlume estimated by experts ....

50 ’JUVU m° B~ Upper clif

(Geosol, 75)
n.1000 m3
(Malatrait, 93)

route forestiére

<1000 m?
(Malatrait, 93)

South
> 50000 m®
(Geosol, 75)
< 5000 m3
(Malatrait, 93)

<<100 m3
(Goguel, 76)

90 000 m°

(Geosol, 75)
n.1000m
(Malatrait, 93)

100 m3

(Malatrait, 93) North SIS

Ex
(Tacnet, 2009)- PhD
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Risk management context and decision-making

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?

1
This talk

N

To introduce multicriteria decision-making methods (MCDM) and
show some developments using (new) uncertainty theories for decision-
making under information imperfection

REPUB! \
Université \ Jean-Marc Tacnet



Risk management context and decision-making

Qutline

Context and motivation
Information imperfection and some (useful) theories

Developments mixing  MultiCriteria  Decision-Making
(MCDM) and information imperfection

Conclusion

Université PRANCARE \ Jean-Marc Tacnet
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Information imperfection..

rather than (only) uncertainty

A N oeverything that can be counted counts.
Not everything that counts can be counted.o

A T oce tui peut étre compté ne compte pas forcément.
Tout ce qui compte ne peut pas forcément étre comptéo

(Cameron, W.B., 1963) in Alnformal Sociology: A (

U G'A 5;:auque I N RA@ 1GE) 8
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Some situations (e.g.)...

A N T hawalanche will follow this track, no this one in: Two (several)
experts have different conclusions;

A A am sure that the volume will be between 5000 and 10000 m3a the
expert is certain but imprecise ;

A A am 75% confident in the fact that the volume will be between 5000
and 10000 m3a the expert is uncertain and imprecise: ;

A A just do not know what is the physical process (the expert may even
not know that it e x i s 1 the) expert is lacking of information ,
Information is missing;

A AWe will get 10mmraint o d aNatwre is uncertain (aleatory) ;

A L% chance that the cliff will collapse but we can investigate more
p r e c i:sareekperbis uncertain (partial knowledge, epistemic)

UCA e INRAZ (o 9
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Information imperfection

Uncertainty is not the only kind of information imperfectioné

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

Decision
)
supports
I
m Quantitative (numerical
Nature of _ | f t' *"‘J ( )t Information
information nrormation content
- <\} Qualitative (categories) |

Inseparable from

1 Theories

probabilistiC

. Representation e
Imperfectlon and treatment
Associated
concepts —.| conflict insufficiency| | lack | truth

Inconsistency | [Imprecision| |Incompleteness | [Uncertainty

. / "subjective”
information expressed as (a priori)
/ N

fuzzy, vague variable Aleatory ’ Epistemic }

linguistic value "objective"
(ing ) _ ) "subjective"

(by nature)

adapted from Smets, Dubois, Bosc, Bonissone, Tong...

(Tacnet, 2009)

* See also Konieczny, S. et Prade, H. (Eds.),2020.L 6i nt el | i genc e ar 4l vrdiment,iCepadues Editibns, Toulouse, Frandea g i t

=N
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Information imperfection

Fuzzy sets and possibility
theories

Université
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Information imperfection

Fuzzy sets theory links numerical and linguistic values

(zadeh,1965)

Linguistic values
(e.g. "population density")

linked to

Membership function Fuzzy numbers
A

1 /

pa()

"Very low" "Low" "Medium"

- | 20 24

Population density : T
: : : Number of permanent

Ais considered as medium (e.g.) between 14 winter occupants

and 20; _ Numerical

Abecomes high from 20 to 24; (quantitative) value

See (Tacnet et al., 2009, 2010)

Abecomes low from 14 to 10.
UGA ﬁﬁﬁ%‘? |NRA@ \'GE ' Jean-Marc Tacnet
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Information imperfection

(Zadeh,1978)

Possibility theory (to represent both imprecision and uncertainty) upois 108s)

Possibility distribution « Certainty » levels
s ts expert
(a set of intervals e ——i Kacasseit
with confidence |evels) assessmen y
10__12 e ) L 0
. L 0.2
V) “N’
o . — 04
8 | | 15 o -
6 /] — 1.8
v 20
— 0.8
¥ x:numberof | 4
é 10 15 20 o5 Winter occupantsy
|<Imprecision—{ N

}<—Imprecision4>{

Evaluation of the expert is imprecise : he thinks that "Number of occupants is between 8 and 15"
The expert is uncertain: his certainty level for "Number of occupants is between 8 and 15" equals 0.75

The expert is still imprecise but certain that "Number of occupants is between 6 and 20"

See (Tacnet et al., 2009, 2010)
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UCA s INRAZ (%)  seanvare Tacnet N

nive
Grenoble Alpes



Information imperfection

Belief function theory

yd

@ or how to go beyond

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

Paradigm shift

Beliefs often are related with singular event or evidence, and are not necessarily related with
statistical data and generic knowledge.

U G‘A 55::mqus lN RA@ IGE
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Information imperfection

Belief function theory shateri97e)

The frame of discernment is a set of possible decisions, alternatives...

gk Decnsmn h " "
ypothesis (e.g. "flooded", "not flooded")
Frame of discernment ~

— {01792} 91\00/02

e.g. "flooded" OR "not flooded" : uncertainty...

e.g. "expert x", "model y", "database 2"

Powerset — 2° = {0,0,,6,,0, U 92} S
()99 i [( Fusion of 2 sources
Basic Belief /'"E'm)) & ; 0.1 B, B,
Assignment - ]
(BBA) 29,00 M(0i) = 1 BBA —] ™ | BBA_| M2
(91)+m(9 )+m(91 Ueg) +
~ / Fusion rule/| m12
uncertainty
See Information fusion (Shafer,1976)

Many fusion rules exist

See (Tacnet,2009)

UCA e INRAZ (o 15
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Information imperfection

Belief functionsoprinciples [Dempster 1967 Shafer 1976]
Hypotheses
Frame of discernment (FoD) © ={6;,i=1,...,n} Power-set 2° = {X|X c 6}
9 0,

Example | OQ Impossibility partial ignorances full ignorance

© =1{0,61,02,03,01U62,01U8603,0,U803,60; UbU 03}

03
Basic belief assignment (BBA) m(:):2°—[0,1] st. m(&) =0 and > mA) =1
Ag2®
: : - - Degree of
Belief in A: BEI(A) A Z TTL(B) = PL(@) — Pl(ﬂ) =1- Pl(ﬁ) support of A

Be2®|BcA
Degree of non

Plausibility of A: PL(A) = Z m(B) = Bel(®) — Bel(A) = 1 — Bel(A)contradiction of A

Be2© |BRnA# Y
Interpretation < Bel(A) < P(A) < PL(A) <

Lower bound Upper bound

(subj.) unknown proba P(A)
The Uncertainty of unknown value of P(A) is' PI(A)-Bel(A)

EN
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Belief function theory

2 experts (sources) /\/\
Frame of discernment i i m2
{hypotflesesj

©={G,D,V} S

Where will the torrent Torrent

(mountain stream) overflow ?

Alluvial fan

Experts provide basic
belief assignments
(bbas) on the different

hypotheses Hypotheses

Right’-side path (D) Left*-side path (G)

*Gauche in French

Village path (V)

*Droite in French

Left path Right path Vi"at?,e
Sources - N ' pa

~
\\

"~ 2experts -~
B

-~

Concept of conflict

u,.liJve,.Ci-AA‘ RANGAISE e/ @E\ ) Jean-Marc Tacnet 7



Information imperfection

Different information sources related to the same « truth » can o

according to their reliability

| Reliability discounting |

————— 0602 0.2
basic belief assignment/ m’B() e | 0.3 1] 0.1 0.6
(bba)
° Nscounted bba
bb bb /
1 . mpgl: 1 A mB()
_ 0.6 0.6
n°1 L : ]2| 01
91 92 61 U6, 91 02 6; U 927
bba \ ‘bba/'

0.7

0.49 21 0.3
— e — ¥

QS =0.7 . >
01 92 91 U 92 \ 91 92 01 U 02

Discounting factor
(corresponding to the
reliability of the source)

EN
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CDM principles

Multicriteria decision-
making principles and
methods

Difference between total and partial agregation

Université
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MCDM principles

3 main categories of multicriteria decision-making problems

Decisi e.g. choosing the most effective,
ecision problem . .
ranking protection works
according to thi

/ A : set of possible alternatives \

set of the most satisfactory ‘

alternatives

satisfactory most satisfactory
a alternatives alternatives
medium | T T T__—__ T T
A; satisfactory
alternatives
remaining alternatives
most un-
satisfactory
alternatives
(X | Problematic ﬁ Problematic ’)/ Problematic

To choose To sort To rank
adapted from Schérlig (1985)

See (Tacnet,2009)

lll!.a/“ JNRAG, ©MERA Cross Disciplinary Project .
gﬁﬂéﬁ‘@ﬁl‘ﬁ?‘%ﬁ? .i"ﬁ ‘‘‘‘ mJ@‘acnet-l@anB\ﬁﬁﬂ Teppatisk i Decision-aiding webinars series 0 Risk @ IBEX Griversité Grenoble Alpes 20
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Development of multicriteria
decision-making methods
é considering information

iImperfection
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Obijective: to design decision -aiding methods in a context
of heterogeneous and imperfect information provided by
more or less reliable sources €

N

Use of belief function theory (and others theories) to
Improve multicriteria decision -making (MCDM) methods

Principles of methods (several developped since 2009)€
A ER-MCDA: replacing aggregation by a fusion process (Choice, Sortingé )

€ . many others such as Soft Electre TRI: improving outranking method
(Sorting) see references See (Tacne(,2009)

Ex
lJ <"", RRRRRRR QUE \
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Developments

ER-MCDA* methodology overview

*Evidential Reasoning T MultiCriteria Decision Analysis

ER-MCDA* associates (principles of) multicriteria decision analysis
(AHP), fuzzy sets, possibility and belief function theories

(Tacnet, 2009)

IGE'
Université \ Jean-Marc Tacnet
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ER-MCDA

Evaluation = | First fusion level =l Second fusion level

| fusion of the criteria fusion of criteri
of the hierarchical

I evaluations resulting

discountin
(depending or?the | | from each source | | ace!
reliability of the | Mapped and discounted Importance
masses (preference)
=aHEE) _— | Source discounting
Mapped Masses |\\‘ N\,
expert(1)
Mapping from evaluation to Source
expert(2) -

d
X quantitative Bel qualitative

Criterion evaluation

ROE
% I A criterion is
considered as
a source

| Fusion rule

Analytic Hierarchy Process is (only) used to model the problem
(aggregation is replaced by information fusion)

EN
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ER-MCDA

A mapping process to link fuzzy sets, possibility and belief function
theories

Decision classes

. 0375

3
|~
7|
R
au
)
l\\l/
N
1|

No sensitivity (NOS) Low sensitivity (LS) Medium sensitivity (MS) High sensitivity (HS)

Basic belief 11 #D1 iy LD
assignments
linked to :
categories | wapped
masses
Imprecise & 4
uncertain 0 4 24 Number of
expert occupants
ST £057(0.375 + 0.125 = 0.5)
N 025
D 8 095 Mass(bba)

Source n°1 proposes an imprecise and uncertain evaluation of criterion "Number of occupants”

EN
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ER-MCDA

The method provides not only a single choice but also proposes a
"decision profile" that informs about information quality level

Basic belief For each

assignn79nts sl 1 criterion, we can
(bba’s) check the
06 1___ contribution to
| | -

decision and

04}t the associated

T uncertainty
Hypotheses from 02} _
the frame of ) | | H -
discernment : i 2 3 4 u2udud § prsag s ot
\ HD, HD, HD; HD,; @ N

/ Y | =y uncertainty

The possible No Low Medium High (also for the result)

categories for gensitivity ~ sensitivity ~ sensitivity  sensitivity

assignment o
{NoS} The method allows not only to take a decision

Chosen hypothesis isD “ but also to know how much sources (criteria)
are supporting the choice

UCA e INRAZ (o 26
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An application example

Protectiong 2 NJ] 4 QS 7T
assessment

Université ™
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Structures are built to protect against, reduce natural risks

Builtin Upper part of torrent watershed

Torrential watershec to reduce CAUSES (erosion, landslidesé )

Checkdams

Catchment basin

Sedimentation dam  Channel !

Alluvial fan

Mountain

/ river

g
=
|

—

Built in lower part of torrent watershed to
reduce CONSequUEeNCesS near eXpOSGd
elements (people, buildings) at risk

J.-M. Tacnet/C. Berenguer

Université ?
Grenoble Alpes B,

s
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Operational question:
Are protection measures & strategies effective?

Structural effectiveness ievel : Functional effectiveness

global, internal stability ? material characteristics ? level : longitudinal and lateral profile control ?

Liquid inputs (rain,
snow-meltlng D)

E CO nom |c effectiveness (efficiency) level : construction,

maintenance costs in relation with objects, people at risk

Adapted from (Tacnet, Carladous et al., 2016)

EN
UCA ?i:‘r’e%i%usi |NRA® @E\ ) Jean-Marc Tacnet
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Decision to be taken : what is the checkdamsoseries efficacy?

1. Alternatives A, to be assessed, ranked, stored

See Simon Carladousd6 P h D

N° d'ordre NNT : 2017LYSEMO008

28 check dams

THESE de DOCTORAT DE L'UNIVERSITE DE LYON
opérée au sein de
I'Ecole des Mines de Saint-Etienne

25 check dams

Ecole Doctorale N° 488
Sciences, Ingénierie, Santé

3 check dams’ series A,

Spécialité de doctorat : Sciences et génie de 'envirennement

Soutenue publiquement le 05/04/2017, par :
Simon Carladous

Function: stabilization

Approche intégrée d’'aide a la décision
basée sur la propagation A
de I'imperfection de I'information - 3
application a I'efficacité des mesures
de protection torrentielle

3 check dams

Devant le jury compesé de :

Breul, Pierre Professeur Univ. Blaise Pascal  Président

Bossé, Eloi Professeur Mc Master Univ. Rapporteur
Grandjean, Gilles Directeur de recherche BRGM Rapporteur

Dezert, Jean Maitre de recherche  ONERA Examinateur

Flaus, Jean-Marie Professeur Univ. Grenoble Alpes  Examinateur
Batton-Hubert, Mireille Professeure IMT-Mines, St-Etienne Directrice de thése
Tacnet, Jean-Marc  Docteur, ICPEF Irstea-UR ETGR Co-encadrant de thése
Marco, Olivier Docteur, IGPEF ONF, Dép. RN Invité

Rudolf-Miklau, Florian Directeur de recherche BMLFUW, TAC Tnvité

Université
Grenoble Alpes
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|dentifcation of relevant criteria

2. Effectiveness criteria g; to be taken into account

g1 - smallest g2-check |g3-longitudinal| g4 - stability of | g5 - stability of | gg - active g7- L
free spillway | dams'mean |implantation of | significant other check longitudinal active definition
dimensions orientation check dams check dams dams erosion lateral erosion el
w;=0.1 w=0.2 w3=0.1 w4=0.15 w5=0.05 wg=0.2 wz=0.2 | Welg
-~ 0, - ° " = - 0, _ 0, :
/ 0- 100% \ 0-90 \ meters \ 0-10 \ 0-10 \ 0- 100% \ 100%l scoring scale
\
—— aciual orientation ‘
optimal orientation 14
! cd 4 ‘b“ﬁr,“,‘
ity
g‘ cd 1
* 2 - N s,
: et
e y \'
B2, N 'fﬁ,;'ﬁ' : 3
b 3 ONF-RTM 73 © BD-Ortho ®, IGN

En
REPUBLIQUE
FRANCAISE
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Considering information imperfection to assess criteria

Expert assessment of structural effectiveness

Is actually based on imperfect information to evaluate each criterion

e B

“I’'m sure the scouring depth is lower
than 4 m and higher than 2 m.

I'm 30% sure it is lower than 3.5 m ds: Support erosion through

and higher than 2.5 m.” scouring — meter (m)

Imprecise and
uncertain information

U C-A 5»5.“:”: I N RA@ @)
Université A fRANGAISE . / Jean-Marc Tacnet

Grenoble Alpes [
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Imperfect assessment are fused to take a decision

Evidential Reasoning for Multi-Criteria Decision Analysis
(Tacnet, 2009)

Evaluation | First fusion level | Second fusion level
— | fusion of the fusion of @
iscounti T
~~ (depending orﬁJ the | clnter:?n c"te"a
source) resulting from each (hferarch/ca/) model
\ | source : |
wagpedmasss o) || v | 1011 impaance
Mapping from evaluation to | | S disfcﬁbunting
decision classes | @ Sl g
. HD2 | : TR
: ! | Fusion rule | | ;
&‘ | W= X=X| (os, pcres..) | _g3 (} @TH(L.)% %
Mass (bba) r W B = o e
| P— ‘ HD3,HD4}
r‘:!:'-\ 1 (' Fusion rule
o X (sllpp./ng (m)) | < InF2,a_~ 1 (DS, PCRE, etc.)
riterion evaluation | criterion is now | _J
i ) | considered as a |
) § 7 source —
Sourcee g‘expen 1 | L Hierarchy of criteria

EN
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Imperfect assessment are fused to take a decision

Structural
Evidential Reasoning for Multi-Criteria Decision Analysis effectiveness

can be actually applied

:  High
structural
evaluates with 5 i effectiveness /
: : 5
Expert 1 Imperiestion 6=(HD1,HD2,HD3,HD4} _—»  Medium
more 93 HD1: high
reliable HD2: medium Low
evaluates with g4 ™™ HD3: low
than ; Hach N
Expert 2 Imperrection HD4: none -
> gs
96
Floods with bed-load transport
550, <0y MBS pelized( )
1) 0
HDI 0.16094 —
HD?2 0.45901
HD3 0.33559
HD4 0.00494 E— Basic belief
© 0.03951

—_ assignments

resulting from
information
fusion

A, is mainly medium effective.
Its actual effectiveness is more between low and mediun

but not high, nor none.

UGA %ww INRAZ (@) A measure of global ignorance is provided

Université A .F;'}.{}NCA'SE \ "" Jean-Marc Tacnet



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 strategiesdeffectiveness assessment
d preventi intenance of infrastructures, protection works
ud)! REYeTiNREN 2R p

Universite & FRANCAISE Jean-Marc Tacnet
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Risk management context and decision-making

Risk components

Damage potential

I Vulnerability, Exposure

Frequency
(probability) Damage rate @ Value ‘:> Losses (Consequences, Severity)
“ 100% - €
<— Sscenarios
i / « Farmer » curve
Intensity Intensity Frequency
Hazard Damage Risk

Source Tacnet et al., 2020 — Naiad project

EN
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Information imperfection

How to decide with belief functions? Several strategies
(e.9.)

Maximum of belief (pessimistic/cautious)

Fal

m(-) — Bel(-) and 6 =0 = arg gné%cBel(Gi)

Maximum of plausibility (optimistic)

Py

m(-) = Pl(-) and 6 =0 =arg :éné%(Pl(Qi)

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

Fal

m(-) > P(-) and d=0= argg?é%P(G?;)

EN
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Soft ELECTRE TRI (SET) method

for sorting alternatives into categories
based on multi-criteria analysis

|l ntroducti on 0 ELECBRE = Elinlin&iod &t Ghoix Traduisat la REalité [Roy 1968]
ELECTRE (1968) =8 ELECTRE TRI (1992) =3 Soft ELECTRE TRI [Dezert-Tacnet 2012]

EN
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Classic Electre TRI (ET)

Sorting alternatives in categories
For each criteria, we preset categories by some profile bounds
Which category does a, belong to? a; > by, ?

o Verybad  Profile b, Bad (), Good by Very good
Criterion ‘

| Category (), l Ch+1 l Chio l Chys
o J— o " $ 91(.)

Cj—1 —

Cj —

Profile of alternative a;

EN
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Soft Electre TRI (SET)

From partial concordances and discordance More consistent
indices to sigmoidal based b b a 60 s representation

/

UCA e INRAZ (o
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