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What do we mean with ,robust” decision making

m Support a structured decision-making process towards an “acceptable”
countermeasure strategy
® In the presence of deep uncertainty about potential outcomes

m Taking into account multiple criteria (e.g. dose, cost, social acceptance for
various stakeholders)
m With a socially acceptable justification of decisions (e.g. from an ethical
point of view)
®m In an emergency, scenarios are used to describe an event; thus
decision making should be support throughout the different phases of
that scenario assessment
m By using a DSS or simulation model to understand the radiological
situation and develop countermeasures

m To evaluate countermeasure strategies
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Robustness indicators

CCONCERT

m Decision making heavily relies on the use of results from simulation
models, either part of European decision support systems or
specialized models that might be used for a particular purpose

m So far deterministic results are presented

m As part of CONFIDENCE, ensembles of meteorological forecast data are
used to describe the variability of the weather

B Source terms also are very variable

m One objective is to develop indicators that mark a result as “more or less”
appropriate for decision making

®m Indicators might be most important in the very early phase as decisions on
e.g. evacuation should be best taken before the release starts based on
very limited/uncertain information

m Indicators should be also developed for the evaluation of strategies in
the later phase using MCDA

m Indicators should be self explaining
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Indicators — discussion of ideas

m Indicators with 5 colours (3 are insufficient to discriminate)

Early phase based

Early phase (pre- | Early phase based on data Long-term

recovery phase

Endpoint release and on ensemble assimilation (food Transition phase
release) modelling* and source term)

*%

| Dosemaps | yellow T red-yellow yellow green

red yellow red-yellow yellow green

Countermeasure
areas red-yellow yellow red-yellow yellow green

Plume arrival time red-yellow yellow n.a. n.a. n.a.

Concentration in
feed and foodstuffs

Concentration in

) red .OO n.a. OOO n.a. QOO yellow OOO n.a. OOO
rivers from run-off

Concentration in

red yellow yellow-green yellow green

rivers from direct red-yellow n.a. n.a. yellow yellow
release
Concentration in
: red n.a. n.a. yellow yellow
lakes and reservoirs
Concentration in
marine food red n.a. n.a. yellow yellow
products
Inhabited area
red yellow yellow yellow green

countermeasures

Food
red yellow yellow yellow green
countermeasures

This project has received funding from the Euratom research and training programme 2014-2018 under grant agreement No 662287. 03.05.2019 5



Discussion

m Ample indicators are widely used — traffic light

m Problem might result from red-green blindness; special
hatching/shading might be introduced

m General problem: how to define the “added value” and the “uncertainty”
of a particular result for the decision maker

m Are particular results less sensitive against uncertainties?
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How to realise this

€ CONCERT

m Take the scheme from the French food identification with 5 colours and
characters Ato E

m Define critical input parameters (e.g. source term and weather) in user
iInput windows (e.g. RODOS-Lite) with changeable classification number

m Default value is D (or E for source term?). The user can change them
according to information available and define even A (B) for exercises
m Define rules how the input classification is used for individual results

m If two different grades are given in the input (e.g. source term D and
weather C), take the worst one for the result, e.g. D

m Weather data from re-analysis is one grade better than the prognostic data

m If mixed quality of input is given (e.g. weather data from re-analysis and
prognosis), the worst one is used

m If results are based on monitoring, the second grade (B) is indicated

m For some aggregated results (e.g. areas for countermeasures) the grade is
+1 of that from the worst input
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CONCERT

g & € -

Bad
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Examples

€ CONCERT

m Input in JRodos GUI

m Results
m Result tree
m Result map
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Input source term (v
CONCERT

S

(1

— = z = e - ]
7 'RODOS-Lite _Current time: [CET] 24.01.2019 16:02 SE)E)
[Eile_Options Toals Help
Country | Site | Unit: Germany | FZK | FZK Earliest start of release [CET] 24.01.2019 15:59
Countermeasures for country: |Germany v [UTC]24.01.2019 14:59
i Latest end of release  [CET] 25.01.2019 03:59
’ [UTC] 25.01.2019 02:59

[§Fsite| Source term |FWESHiET||[Countenm=asures || iEoodiEnsini| TRun| summay)

o=
ST1 | Source term chart Release time setup-
e

E.00EQ&
S5.00EQ0E

Time series - End of chain reaction

4.00EO0&

= Start of release
&8 = 00EO0E&

2.00E06
1.00EQ0&
O.00EQQ

0.0 2.5 5.0 7.5 10.0 12.5
Time [hourl

 Source term

Description of the selected source term
MVER \VVERAAODBAS : WER - 440 type of 213 source ter |

system public ~ | | F6.VVER440DBA5 ~ | filter used: | None LOCA scenario with 73 mm diam, cold leg break in the m/|

) User defined or imported/loaded run

'@ Library source term

. Show / modify
rInformation about NPP

‘s Predefined unit |
FZK/FZK ~]

Show Advanced Parameters

. Manual coordinates

-
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Input weather
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Eile Options Tools Help

Country | Site | Unit: Germany | FZK | FZK Earliest start of release [CET] 25.01.2019 15:30

[UTC] 25.01.2019 14:30
e Latest end of release  [CET] 26.01.2019 03:30
’ [UTC] 26.01.2019 02:30

Countermeasures for country: | Germany _v‘

[§7site || 47 Sourceterm | Weather |[Eountermeasures)||[Fopdchain | Rin | Shmmany|

‘Meteorological data

¢ Prognosis time setup Gz o 4 :
rNumerical data- it Start of prognosis s T |
®) Meteorological data from provider Start of release ] = — @3 (D
Provider | dmi - Duration of prognosis il 24 a &= |
[UTC] | 29.09.1999 18:00

End of i CET] |26.01.2019 @ ’; ‘
[vl Show adaptable data R . = @
Timestep [min] |60 * i
' User input J a ﬂ
Create/Edit

3 Measurement aata

MW avallabie data

Show Advanced Parameters J

Help

Confirm
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Indicator in tree

GCONCERT
B Projects
= @ ensemble-test
o 8 LsMmc > Prec ipitation rate, JRodaos grid [mm/h], 17.11.2017 19:10 (Europe/Berling
O & LSMC- 07 Project: ensemble-test, Task LSMC - 07
% Input E:{n_armse .
o B Outpt Maximum value: 0.08 mm/h

= W Environmental data
2 [ Prngnnstm Results |
oW, Actwlt\,-r cancentrations
3 < Air concentration, timg
[ = Ground contaminatior
[ < Ground contaminatior
@ < Ground contamination
() = Instantansous cancer|
[ = Instantaneous concer)
B8 Cloud arrival time
B Dose rates
=R | Metearological informatian
= B Meteo preprocessar, reg SR
[ |Z| Precipitation rate, JRDst grid [mrmih]
BY windfield10m[ms) . o ..
= B8 Potential doses Task LSMC
B Cloud gamma daose [mSy
B Ground gamma dose [m unit i
B Inhalation dose (enhanc =) High reliability
= & Total patential dose [mS|
&/ Local skin dase [mSv]
iy Total potential dose,
B Tables
|Zi| Computational grid
Ll Consale messages

RGN

ST pos =
z 3 ARSI
Mame Precipitation rate, JEodos grid
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Indicator map result

GCONCERT

File Map Prognosis Measurements DB Data Tools Report Options Model Parameters Help

Ded|EE B ¢ GG |EQ FepgiBEda|u 17.11.2017 19:10 (Eurape/Berlin) =—————————tn

&

2[R x

emble-test fr ]

| SMC --> Precipitation rate, JRados arid [mm/h], 17.11.2017 19:10 (Europe/Berlin)

& | SME - 07 Project ensemble-test, Task: LSMC - 07 ®npp

B & Input EXETLISE i Max of Precipitation rate, JRodqg
b 8 Output @ High reliabiity Precipitation rate, JRodos grid |

Environmental data Project: ensemble-test, Task: L

= @8 Prognostic Results R B Besercise
O B8 Activity concentrations m High reliability
[ == Air concentration, tim =
[ & Ground contaminatio f . :635 T
i Ground contaminatio ! 7
g i Ground contaminatio i 2
7 Instantaneous mncet 3 ‘21 g:j g
[ £ Instantaneous concef. S 10-20
8 Cloud arrival time 05-10
£ 8 Dose rates Ho2-05
|51 Cloud effective gamnj Woooi-02

| Ground effective gan
@ Ground effective gan
|Z] Total effective gamm
= B Meteorolagical infarmation
@ W Meteo preprocessor, req
[0 £ Precipitation ratg, JROdos grid [mmm]
% wind field 10 m) ;
: ?:E&lr;;la\ duses Task LSMC
[Z computational grid unit - mm/h
] Console messages & High reliability
B Emergency planning zanes ar
[ High-level messages
= Nuclides
& LSMC - 08
& LSMC - 09
t LSMC - 10
[ LSMC - 01

[ eu-lakes shp

® eu-rivers shp

. EU_countries_wgs.shp
[ u-slevation tit

HEH

MName Precipitation rate, JRodos grid

l-.am:mw.'

T[]

Lot ong o Features |

; L Emd DI / : = | LRl
Explarer | | 04°23'33'E 46°42'42"N Map Legend

Messages |
29.01.2019 14:43:14 (Europe/Berlin):Praject 'e3' successfully [oaded A
29.01.2019 14:43 14 (Europe/Berlin}:Project 'SauthUkr_Skype_1' successfully loaded
29.01.2019 14:43:14 (Europe/Berlin}: Project 'ensemble-test' successfully loaded

29.01.2019 14:43:10 (Europe/Berlin):Adding npp .. successful
( ]
( )
( i
( )

29.01.2013 14:43:10 (Europe/Berlin):Loading file: /storage/Projects/Development/JRodosStableCajo/JRodos/Client/data/hdm_europe_shapes/eu-lakes shp... successful
29.01.2019 14:43:10 (Europe/Berliny:Loading file; /storage/Prajects/Development/JRodosStableCajo/JRadas/Client/data/ndm_europe_shapes/eu-rivers.shp... successful
29.01.2019 14:43:10 (Europe/Berliny:Loading file: /storage/Projects/Development/JRodosStableCajo/JRodos/Client/data/ndm_europe_shapes/EU_countries_wgs shp... successful
29.01.2019 14:43:10 (Europe/Berliny: Loading file; /storage/Projects/Development/JRodosStableCajo/JRodos/Client/datafhdm_europe_shapes/eu-elevation tif... successful

90 01 9010 14-42-00 (EuranafBardini-Llsar nali hanaad o Exnartl learDali
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Evaluation indicators

GCONCERT

Description of proposal (an these indicators help yo uin

decision making - ranking (6 very
helpful , 1 not helpful at all)

Are indicators a good idea to improve
the selection of appropriate results and
indicate the uncertainty linked to a
result?

If yes, is a color code an appropriate
mean to indicate this?

Is the selected scheme with 5 colors
based on the French food system
appropriate?



Robustness in Multi-criteria Decision Aid

m Different interpretations (Dias, 2006; Hites et al 2006)

m Robustness of a decision is a measure of its flexibility:

m - the potential of a decision taken at a given moment to allow for
achieving near-optimal states in the future, in conditions of uncertainty
(Rosenhead et al 1972)

B - one that is always near, or does not contradict solutions corresponding
to other admissible (model) parameter instances (Vincke 1999) - can be
extended to different scenarios.

m Robustness analysis is the process of elaborating recommendations
founded on robust conclusions.

& This project has received funding from the Euratom research and training programme 2014-2018 under grant agreement No 662287. 03.05.2019 15




Various approaches identified, e.g.:

m Maximin
m Expected value based
m Info-Gap based

N This project has received funding from the Euratom research and training programme 2014-2018 under grant agreement No 662287. 03052019 16




Maximin

m “Best performance under worst conditions”

m Based on Wald metric (Wald 1950) which associates to any decision
alternative a its worst-case performance.

R(a)= min { f(a, s) | s scenario},
where f(a, s) is the performance of alternative a under scenario s

(scenario =a plausible combination of model data and
parameters).

m This metric is associated with a pessimistic point of view as it assumes that
the worst will happen.

m The decision option maximising R (the maximin solution) corresponds to
the absolute robust solution in the sense of Kouvelis and Yu (1997).

N This project has received funding from the Euratom research and training programme 2014-2018 under grant agreement No 662287. 03052019 17




Expected value based indicators

m When external uncertainties are modelled in a probabilistic way, the
robustness of a decision alternative a can be assessed as (Walsh et al,
2013):

R(a) = E(Functionality (a)) = fs Functionality(a,s) - p(s)ds,
where Functionality (a,s)=Success (a,s) — Failure (a,s) /T
T = tolerance

p(s) is the probability of scenario s.
m The decision option maximising R is the most robust solution

m When the distribution p is unknown, the arithmetic average could be used
instead (Laplace’s principle of insufficient reason).

& This project has received funding from the Euratom research and training programme 2014-2018 under grant agreement No 662287. 03.05.2019 18




Info-Gap based indicator

m Info Gap Decision Theory (IGDT) (Ben-Haim, 2006) was introduced to
assist decision-making when

m Dboth the performance of alternatives and the probability of scenarios are
uncertain and

m probabilistic models of uncertainty are unreliable, inappropriate, or
unavailable.

m The robustness of a decision alternative ais defined as:
R(a, E;) =max {a | E(a) = E_.},
where the performance of a doesn’t vary with more than a fraction a from
its nominal value (idem for probability p of scenarios)
E(a) is the expected utility of a
E.is the critical, i.e. minimal acceptable value, for the utility of a

& This project has received funding from the Euratom research and training programme 2014-2018 under grant agreement No 662287. 03.05.2019 19




How MCDA with uncertainties is used

m Practical Robustness indicators for the MCDA are difficult to define

m In general, a solution/strategy should be applicable to as many as
possible realisations of the scenario (realisations of the scenario can be
an ensemble simulation)

m Example

m Ensemble of 30 weather realisations with equal probabilities times 3
source terms with different probabilities = 90 realisations, each with a
particular probability

m Strategies with a given preference setting can be tested against these
ensembles by repeated MCDA. The MCDA is applied to each of the
realisations and the results are weighted with their probabilities

m If realisations are not enumerable anymore, use histograms and ensemble
techniques instead with MCDA applied many times (>1000)

m The strategy that is successful for a given threshold (e.g. sum of weighted
realisations count) higher than a given robustness indictor can be
regarded as robust

& This project has received funding from the Euratom research and training programme 2014-2018 under grant agreement No 662287. 03.05.2019 20




Main window of MCDA

i+ MCDA - Urban d

File Edit Analysis Plugins Options Windows Help

Report

Summary

"Low waste" is the best alternative. It has a clear margin.
There are no big differences between the alternatives
The criterion "Acceptance” is dominating the result.

All criteria contribute to the solution.

Distribution

The following values were given in prebability distributions
and calculated with 2001 sample counts:

“ criterion ”al!emative” Distribution “
[

¥

T

3.8

368 %
0,368

OUrban decontamination

17
16,1 %
0,161

13
126%
0126

Equalize sliders

[ Max indiv. dose M Cost [ No. of workers [] Acceptance

3.6
345%
0,345

@ @ I I 1

g

@

g

©F»© O E &

Criteria

Low waste

High waste
Alternatives

Q00—

W Max indiv, dose ™ Cost ®No, of workers © Acceptance

Criteria Weights | ElLowwaste  |Drignwaste | Do nothing
D Urban decontamination
[ Max indiv. dose 0,368 11,000 8,000 20,000 |
M cost 0,161 3,100 8.233 11,083
I No. of workers 0126 500,000 2000,000 11,000
[ Acceptance 0,345 0,400 {0,200 0,100 |
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Uncertainties as input function =
WCCONCERT

Define value function for "Low waste" of "No. of workers":

Functions are not limited.

[Narmal Distribution vJ

Normal Distribution 0.0040

Input value for mean: 700.0 0.0035

Input value for standard deviation: |100.0 0.0030

0.0025

I- show J 0.0020

0.0015

0.0010

0.0005

0.0000

400 G600 800 1,000

Low waste

[ Cancel and Close J [ Save and Close J
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Uncertainties as input from models

@f'i?flff

Functions are not limited.

| Discrete Distribution v/

Discrete Distribution

Input values in table:

import | | Export |

Support ' Count

O b WK

ol (&

122 1)

30

[ Remove selected rows J

120 |
110 |
100 |
90 |
80 |
70
60 4
S0
40
30 |
20 |
104

Define value function for "Low waste" of "Acceptance":

05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

B Low waste

[ Cancel and Close J [ Save and Close J
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Uncertainties in result presentation
CCONCERT
[ Ensemble Hi=E3

W T Ensemble “Ensemblez H Ensemble3 ] Stability [ Bar Chart I Bubble Eharl:]
1.0

1 b

Ranking value

Low waste High waste Do nothing

: (@)
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- Ensemble Ei=

W T EnsembIeT Ensemble2 T Ensemble3 1 Etapili_t}-j ]'B@H;ﬁaﬁ;]' Bubble Charﬂ = Iy
Ranking of Alternatives for 10000 samples

80 |
70 1
60 |
50 |
|-
A |-
20 |
10 |
0

Uncertainties in result presentation

72.5 %

Percent in %

1, place 2, place 3, place

Alternatives

M Low waste W High waste B Do nothing

- This project has received funding from the Euratom research and training programme 2014-2018 under grant agreement No 662287. 03.05.2019 25



——

©igobier N
Uncertainties in result presentation =
{CONCERT
. Ensemble =[S]X)
Haw T Ensemble T Ensemble2 ] Ensemble3 ] Stability [ Bar Chart T Bubble C_ha;ﬂ:] .

Ranking of Alternatives for 10000 samples

3. place ® . I' ;

|
; r
i ——
¥ =
M 2. place : i
% e
1. place . o

Low waste High waste Oe nothing
Alternatives

:21 h | W |
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How to proceed further

CCONCER

m There is a need to test this with technical teams and stakeholders

m Use of such visualisation in panels and exercises would be highly
valuable

m Feedback from workshops in Slovakia (has been done) and Norway
(Italy) can be used for feedback

m Feedback from this workshop is highly appreciated
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Thank you very much for your
attention

Questions?

https://portal.iket.kit.edu/CONFIDENCE/




