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CLUSTERING METHODS
FOR DECISION-MAKING

Application to Flood Risks and Radiological Emergencies

|. Korsakissok, Y. Richet
Institut de Radioprotection et de Siireté Nucléaire | R S[ ]
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DECISIONS
FACING NATECH RISKS

Crédits IRSN




RISKS MANAGEMENT

NATURAL AND/OR TECHNOLOGICAL (NATECH)

* Crisis situations
— High uncertainties are intrisic to accidental situations

’ — Anticipation : numerical simulations are a mandatory to predict "

. . 'Aquilaed
' potential consequences and protect population Y opeal —
!

logis! nd official
s‘xscgmtcs\de‘;:sbdnm fatal QU
issued 0 ;

— Strong time constraints

* Operational decisions
— Need for clear and concise information

— Communication of evaluation products to decision makers
should account for uncertainties <o prance invodue W

|:> Crisis : quick decisions under uncertainties e
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UNCERTAINTY ANALYSIS & INTERPRETABILITY

Uncertainty models for quantitative analysis or decision-making

W - Quantification of input / model uncertainties 1= ]
’ * Sensitivity analyses/indices (Sobol, Shapley, HSIC, ...) [ H H |
 "Envelope" of trust, probability of threshold exceedance...

* Confidence level in evaluations

* Identification of representatives/prototypes

v Should be decision-oriented, incl. practical information
(e.g. population, agriculture...) « aa

v If possible, avoid interpretation bias

Simplicity / Interpretability

T A T e T e o
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UNCERTAINTIES QUANTIZATION

Simulations:

P 1 |
-l

... a suitable support for propagation of uncertainties

Ex. :
* Monte Carlo / random sampling
* Sets

« Quantiles / delta ]
e [Fuzzy logic]

e [Experimental Calibration]




MODELLING
HIGH-DIMENSIONAL DATA
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[EX.] RADIOLOGICAL EMERGENCY RESPONSE

Meteorology
= (QObservations
= 3D forecasts

vent (V) fe 16-03-2011 00h00 {heure Jocale)

G

With Météo
1 France
! :
=== :
i Dispersion models
H .
= Gaussian puff (pX)
AR = Eulerian (IdX) Radiological consequences
¢ CERLET | Release = Air concentrations, dose...
= Diagnosis = Maps, time evolution
* Prognosis * Zones of threshold exceedance

-
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[EX.] RADIOLOGICAL EMERGENCY RESPONSE

Epistemic
Stochastic
Modelisation

Physical and
numerical errors
User’s decisions

—

— Event 07

— Event08
— Event09

— Event10

SESSSSS Epistemic

Choice of indicators and
. j Human errors, ambiguities output visualization

Lack of information Interpretation

Modelisation Decision making




] Challenge 1: high-dimension inputs / outputs
= Spatio-temporal physical fields

» |nteractions / correlations between variables

= Use of appropriate dimension reduction methods

» Use of meta-models or surrogate models

- !',::”"Hl H. j)‘, — ’-;7. bl Ll 1: C5137 Deposition > 10.00 kBg/m*2 [12/01 12:00

| Challenge 3: interpretability of outputs Ej - E < 3 1 .
’\‘Q--#FL "’ﬁ ‘ -100
= Postage stamp ? Too many maps 3

= Probability maps ? Complex interpretation ir :’ '5

= Scenario-based approach: “best estimate” vs. “worst case”
=) Use of clustering methods

T A T e T e o

' | Challenge 2: Computational cost of physical models

-..
o nfi d ence
N2 ooz
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SURROGATE MODELLING

Parametric modelling to assess physical behaviour:

( Gaussian Process Regression)

* High Performance Computing G, 6,0 = Gy, o) = T st
* Numerical design of experiments L - S
. . . . Ely* |yl =F'8+C]
(... but still curse of dimensionality) =
e Agnostic response surface Covly" |y] = [E* — F'] Cov(B) [E| .
1 %Z
. . Ly, B y) = ——5 = | =
... Training of a surrogate model 2" 145 S
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OUTPUTS PROJECTION

Complex numerical results:
* Physical guantities: spatial (lat,lon), temporal (t)

Non-linear operational consequences

204

... supported by a dimension reduction:

Supervised (prob. of occurrence)
/ unsupervised i

Non-significant "latent" space

Desirable mathematical properties

Credits: Charlie Sire PhD
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Algorithm 1 Lloyd’s algorithm

I’I(”: — {»,ﬂ‘”. - Ai,,[”:} k<0
LU ST E R I N G 1: while stopping criterion not met do

% E [y(_\-) |Y(X)eC) ] defl...0.

Algorithm 2 Prototype Maps Algorithm
Require: (y(z'))i=1, .n, ... fx. g. minDistance, ¢

O bj e Ct i Ve ] 1: Sample ('E*)ﬁ'c{l-----ﬂnmm] iLid. of density function g r
L]

: Compute (-g}(:?'*]).gkgnm_w from (y() )iz .menn (GP & FPCA)

sparse & synthetic sampling s Come (i 1

4: Initialize 1"?] T N A‘,.-'?‘} €

=)

5: while Hl"[:" m_ 1—[€F~'I || = minDistance do

W e B (TF )= 1.0

k kg
* Some prototypes / centroids ..
e Weighted / probabilistic classes =~ 22"
 "Real" <-> "Latent" space projection =T ¥

Credits: Charlie Sire PhD




... INTERPRETING
FOR DECISION-MAKING
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[EX.] FLOODING RISK @prgm ™ IRSH

EEEEEEEEEEEEEEEEE

O ol B i i ]

Lol I 1R L. ot
L _{HIW
_— s S S i P00 10-1 T e e s 1072 T PS5 1072
o 2 el o — m— e \ ‘
- sl N TN ’. 7z %
’ -y :
' 1000 simulations of 5 "typical roodmg S|tuat|ons to manage
the Loire flooding = ;. e R Water depth (m)
(~40 kh. CPU) ‘ ;. 5
|A ;T
2
el = .. -
1
P
I’ N _ 0




WM [Ex.] RADIOLOGICAL EMERGENCY RESPONSE IRSHN

HETITUT DE RADIDPROTECTION
£TDE S0RETE NUCLEAIAE

FRANCE

s ToTTEEmEEEEEEEmmm ST T e T T EE e m—_———_——— Y

: Meteorological ensemble forecast @ } | Coupling AROME-EPS :

I AL : ! and dispersion model pX i

1 I

: : : Source :

1 1 / /]

y | - oy I L/ 7 |

= Onnexip, : : —— 1

: I ! Mb1* || i

1 == 1 : L i

1 connex,'o,, : 1 / 1

: 77 : > : —f— :

1 ey — I Mb2* 1

1 7 ) : 1 T 1

! i - I

: | | 1 1 — :

1 ! i i ' Mb3* 1

1 : I ! i

. ‘ RS ‘ . ‘ 1 1 L1
—— 1 > S 1 1 1
o p> | > i i 1 :
I

| AROME-EPS - Day (d) AROME-EPS - Day (d+1) | 1 :

o o o o e o o o e =/ e e e e e e e e y
Clustering and calculation of the representative Atmospheric dispersion calculation Vlsuallsatlon and evaluation

™»

member o
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... [EX.] RADIOLOGICAL EMERGENCY RESPONSE IRSH

“ PRI INSTITUT DE RADIDPROTECTION
L'ingénierie responsable £1DE SURETE NUCLEAIRE

Probability of threshold exceedance (%)
Stable iodine intake

Sheltering 07 BN Sheltering 100
6000 Evacuation B Eyacuation o
Stable iodine intake 2.5 B stable iodine intake %
- 5000 Ny
- 54000 4 60
9
’ 53000 3
E 40
ey )
20
1000 M
0 o - 5
0 2 4 6 8 10 -3 -2 -1 0 1 2 3
Pluie (mm/h) Distance (km)
. . - Probabilistic assessment of Probability map of threshold
Sensitivity to input parameters (~20s) ] ~ N )
distance and aperture (~20s) exceedance (~2-4 min)
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QUantification d'incertitude
pour les données Onéreuses

@hrgm

Quantization methods for the visualization
of the flooding risk

Charlie SIRE23
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https://ciroquo.ec-lyon.fr/
https://theses.hal.science/tel-04457222v2
https://www.harmo.org/Conferences/Proceedings/_Tartu/publishedSections/PPT/H20-153_Perillat_poster.pdf

WHAT’S NEXT ?

Major challenges remain in
- communicating uncertainties to decision makers
- integrating operational constraints early in expertise

Bridging the gap between social sciences and geoscience / risk
assessment and between different kinds of risks

‘ Ambition of PEPR RISQUES, work on Natech scenarios

Untock the future—

N\


https://www.pepr-risques.fr/fr
https://www.pepr-risques.fr/fr/risques-natech-anticiper-gerer-accidents-technologiques-engendres-par-un-evenement-naturel-dans
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