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Early-warning system (EWS) for
cyclone-induced wave overtopping aided by a
suite of random forest approaches
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* Objective:

— Probability of marine flooding (wave overtopping) as input of the
Early Warning System

— If there is overtopping,

*  Magnitude of the flooding?
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* Objective:

— Probability of marine flooding (wave overtopping) as input of the
Early Warning System

— If there is overtopping,

*  Magnitude of the flooding?
*  Time evolution of the flooding?

e Problem:

— Computation time cost of numerical simulations too high to be
directly integrated in EWS
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* Objective:

— Probability of marine flooding (wave overtopping) as input of the
Early Warning System

— If there is overtopping,

*  Magnitude of the flooding?
*  Time evolution of the flooding?

e Problem:

— Computation time cost of numerical simulations too high to be
directly integrated in EWS

e  What we have:

— A database of pre-calculated simulations

— ~500 synthetic cyclones

— + their impact in terms of flooding
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Example of synthetic cyclone
(Quetelard and Bonnardot, Meteo
France)
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e Significant Wave Height Hs
£
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Time series of offshore conditions
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Compatible
computation
time cost!

Regional wave Modelling
using WWIII
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Swash Profile
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DUMILE (2013) DINA (2002)
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* Take advantage of the database (~500 synthetic cyclones)

e Construct the link (statistical) betw.:
— The offshore conditions (maximum values for wave, sea level)
— The consequences induced by the cyclone:

* Overtopping occurence (0/1)
* Max of cumulative volume



SimHydro 201

* Take advantage of the database (~500 synthetic cyclones)

e Construct the link (statistical) betw.:
— The offshore conditions (maximum values for wave, sea level)
— The consequences induced by the cyclone:

* Overtopping occurence (0/1)
* Max of cumulative volume

e Use this link to predict with a negligible coputation time cost (<min)

 Tools
— Aseries of random forest approaches
— Flexible to any problem (classification, regression, etc.)



Si m Hyd ro 201 9 5™ INTERNATIONAL

CONFERENCE

12—-14 JUNE 2019
SOPHIA ANTIPOLIS - FRANCE

Decision
Tree

Decision
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[Breiman (1984)]
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Tp
<14.15s| >14.15s
| |

NO FLOOD

[Breiman (1984)]
>15



SimHydro 201

Tp Tp
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[Breiman (1984)]
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Training dataset

O,
)
Prediction on the out- Prediction on the out- Prediction on the out- Prediction on the out-
of-bag set D of-bag setD? of-bag set Dy of-bag set D _
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Err, \ Err, Err, / Errn,,,,

RF = Ensemble (tree 1; tree 2; tree 3; ...; tree ny..)
Err = average(Erry; Erry; Errs; ... BT Nyee)

Prediction of RF = class with the maximum of votes among n trees

Less sensitive to
threshold values

High accuracy

Only a few parameters
to tune

Versatile to different
problems
(classification,
regression, multi-
output)
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* Historical cases
— Dina-2002 et Dumile-2012;

e Use of the database (cross-validation)

* Performance criteria
* Accuracy
* True alarms

 False alarms
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Occurrence of flooding
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historical events
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Magnitude of flooding
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historical events

® Truth

X Best estimate

B 95% Confidence
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historical events
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Time-to-Event=the difference between the time instant when Volume>0 and the one when the
considered cyclone is at a distance <400km from Reunion Island
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time evolution

Time-to-Event=the difference between the time instant when Volume>0 and the one when the
considered cyclone is at a distance <400km from Reunion Island
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—> Adaptation of random-forest model to handle multivariate outputs
(Ishwaran et al. 2017) 225



time evolution

Time-to-Event=the difference between the time instant when Volume>0 and the one when the
considered cyclone is at a distance <400km from Reunion Island
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—> Adaptation of random-forest model to handle multivariate outputs
(Ishwaran et al. 2017)

SimHydro 2019 [5!remanona
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e Method

— Through the statistical analysis of precalculated numerical simulations

— A suite of Random forest procedures
— Flexible approach

* To overcome

— Hydrodynamic simulator with high computation time cost

— The input-output relationship is non-smooth (highly nonlinear)

* Further work
— Inputs/outputs are spatio-temporal quantities

— Integrate approximation uncertainties
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Early-warning system for cyclone-induced

- wave overtopping:
a swte of fandom forest approaches

J. Rohmer?!", S. Lecacheux?, R. Pedreros?, D. Idier!, F. Bonnardot?

.rohmer@brgm.fr

1: BRGM

2: Direction Régionale de Météo-France pour I'Océan Indien bl‘gm

e Terre durable
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Wavewatch 3 two-way nested grids (10km => 300m)
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10 Résultats

Aire d’'inondation
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[Breiman (1984)]
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Package R: tree; Approch of Malley (2012) for estimating the class probability a6
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Package R: tree; Approch of Malley (2012) for estimating the class probability .
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Training dataset

Prediction on the out- Prediction on the out-  Prediction on the out- Prediction on the out-
of-bag set Dy of-bag setD? of-bag set DY of-bag set Dj,_
Err, Err, Err, Err

s

RF = Ensemble (tree 1; tree 2; tree 3; ...; tree ny..)
Err = average(Erry; Erry; Errs; ...; EIf Nyee)
Prediction of RF = class with the maximum of votes among ny.. trees

[Breiman (2001)]
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Training dataset

O
O,
Prediction on the out- Prediction on the out-  Prediction on the out- Prediction on the out-
of-bag set Dy of-bag setD? of-bag set DY of-bag set Dj,_
Err, Err, Err, Errnm

v

RF = Ensemble (tree 1; tree 2; tree 3; ...; tree ny..)
Err = average(Erry; Erry; Errs; ...; EIf Nyee)
Prediction of RF = class with the maximum of votes among ny.. trees

[Breiman (2001)]
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Training dataset + randomly select mtry
variables at each node

O
O,
Prediction on the out- Prediction on the out-  Prediction on the out- Prediction on the out-
of-bag set Dy of-bag setD? of-bag set DY of-bag set Dj,_
Err, Err, Err, Err

v,

RF = Ensemble (tree 1; tree 2; tree 3; ...; tree ny..)
Err = average(Erry; Erry; Errs; ...; EIf Nyee)
Prediction of RF = class with the maximum of votes among ny.. trees

[Breiman (2001)]
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Training dataset + randomly select mtry
variables at each node

Tree Nyee
0.
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0 DI
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Prediction on the out- Prediction on the out-  Prediction on the out- Prediction on the out-
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[Breiman (2001)]
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Training dataset + randomly select mtry
variables at each node

(2
)
Prediction on the ogt- Prediction on the out-  Prediction on the out- Prediction on the out-
of-bag set D, of-bag setDf of-bag set Dy of-bag set Dy _
Err, Err, Erry Err

N

RF = Ensemble (tree 1; tree 2; tree 3; ...; tree ny..)
Err = average(Erry; Erry; Errg; ...; EFf Nyee)
Class probability = average value over all trees

[Breiman (2001)]; package R ranger
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[Metz (1978)]; package R pROC
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