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Kherrou S., Devers A., Caillouet L., Vannier O. et Dommanget E. Compagnie Nationale du Rhéne (CNR), Lyon, France

Contexte :
* CNR a besoin de prévoir les débits du Rhoéne et de ses affluents,

» Calage de modeles GRP avec différentes fonctions objectifs (Q, \/5 et Q?), puis pondération des résultats pour

créer des multimodeles,
» Calage sur la période 2012-2018 et validation sur la période 2019-2020.

Objectif : de meilleures prévisions de deébit en
toutes situations

» Besoin de performance a la fois en période
énergétique (déblt moyen) et en crue (fOftS débItS) 11/03/2019 13/03/2019 15/03/2019 17/03/2019 19/03/2019

o

o

o

Lame d'eau (mm)

o

o
o

Résultats

« Les simulations issues du calage sur Q% et de la
pondération des simulations calées sur \/6 et Q2
(multimodéle) présentent les meilleures
performances (Figure 1, et scores de performance
sur 2019-2020),

- Parmi ces deux simulations, le multimodéle (,/Q et
QZ) Sera préféré car il simule aussi bien les crues que 11/03/2019 13/03/2019 15/03/2019 17/03/2019 19/03/2019
les débits moyens, OIS, o G e CRRAICHS s BN — CBEY = GG

* Le multimodéle (\/5 et Q?) est meilleur que le modéle
calé sur Q pour 72% des affluents..

1004

Débit (m3/s)

Figure 1 : crue de mars 2019 sur le bassin du Guiers a Belmont

S Conférence SHF « Prévision des crues et des inondations — Avancées, valorisation et perspectives » ; 28-30 novembre 2023 c~1
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le risque de crues
i'zau en France
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1. Présentation du modéle LARSIM
- Le modéle et son domaine d’application
- Structure, données d’entrée et schéma de modélisation

2. Modélisation des crues soudaines
— Approche a l'aide du modéle « RoGeR »

3. Utilisation des prévisions d'ensemble
- Présentation des prévisions météo utilisées

év. : 29.09.2022 14:00 HEC
ON.02.6P5

4. Prévisions régionales
- Présentation de la méthode utilisée

5. Conclusion
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Service Prévention des Risques Naturels et Hydrauliques JCHC A

Prévisions ponctuelles et régionales des crues fluviales
et des crues soudaines avec le modéle de bilan hydrologique LARSIM
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Estimation bayésienne d’un modéle hydrodynamique 1D de riviere influencée par la marée :
application a la Seine aval, France
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Q (en ma/s)

Hydrogrammes en aval du val

xx0010-Q50

AQ =51 m3/s
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Q exutoire

EDD SPC 2D Larges 2D Fins
XX1000-Q170 86,90 % 78,68 % 51,94 % 76,22 %
NNSE XX0100-Q170 22,87 % 30,34 % 94,19 %) 94,22 %)
XX0010-Q50 73,98 % 70,53 % 73,66 % 59,54 %)
XX0001-Q50 11,30 % 11,16 % 75,12 %) 78,38 %
moyenne 48,76 % 47,68 % 73,73 % 77,09 %
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j MODELISATION HYDRAULIQUE UNI-DIMENSIONNELLE DE LA
==- PROPAGATION DES CRUES SUR LA SAONE ET LE DOUBS

Jean-Michel SIGAUDY, Yohann EVAIN?, Elodie PAYA?, Anne-Laure TIBERI-WADIER?, Kevin CORSIEZ?, Alexis BERNARD?,
Elsa LAGANIER?, Patrice DEVILLERS?

— Un modele hydraulique pour la prévision des crues
de la Sabne et du Doubs

Chaumant
o

A £

. n n Mombah o
— Des enjeux forts pour le SPC Rhone amont Sadne en =- 11°g§;;nm
) . . ’ . LE — ofinge:
terme d’exploitation opérationnelle o TG
s - k pe < mwﬂmNNE
iNAai i L6 inh e e o el *‘“ﬁ"&”&#&‘ﬁ“ A |
— Un linéaire ambitieux et de nombreux défis : /o &
4 4 :.-:j : | Polleny g ‘ sindPayerne? FR|g‘®uRGIFRE|BU
techniques relevés 5 et il A i)
— Le modele en quelques chiffres : 4 s por LS L:/ vl 5
lles_ gluny I'I = Cmde o Evian-les-Bains QM : M;i:::"‘:g ¥
800 TP N F) {5 con 1 & 8 ° °Thonon-les- Bal o SIENE -
- km modélisés sur la Sadne et le Doubs { é 4 );osm
v < }ycnnaxn \+ Annemasse Murzme
-en-Bresse o Naﬂlud
7y 7 . . app " N ‘)S( Juhen = th?vms Eenn&FHEEVE Ez::‘;;;m nix-Mont- zer:raﬁt
- 13 modélisateurs répartis sur 7 sites différents ane ¥ fanche syfsaor janc e
K L :gxu r,-‘ugﬁyu =2 Bassin versant Sadne-Doubs les:gains
amgiges ?
- Ve 0 50 100 k N ,TA/AO
-1000 profils en travers bathymétriques \‘;\,,?,;'a} "+ e [
”\i‘"'sa"' A ; Yoot Pin_ i v, Teshs §
. L. L, g .'_:*; Vienne CHAMBERY“ ‘-‘“",‘a B:;Plag T\gﬂﬁ Va[dhe(e ‘A-"
Lty - 48 stations hydrométriques exploitées sur la e I e
Fi 1 : inondation de M 2001 de | R Figure 2 : Representatlon cartographique du modele global,
S'g}"'e‘ T.llnon aton e'DDa'FZ A e fa Saodne, le Doubs et leur affluents segmenté en 9 sous-modéles délimités par des stations
afine & Trévoux (source : el'Ain) hydrométriques de référence (source : Cerema)
EXN Ex

1
s N34 Cerema 1 fusrmmsnin Bt VIGICRUES o yissiresmin
) ‘ e oo Jean-michel.sigaud@cerema.fr o < elsa.laganier@developpement-durable.gouv.fr

Fratemité
Frateraité


mailto:jean-michel.sigaud@cerema.fr
mailto:elsa.laganier@developpement-durable.gouv.fr

EX

PREFET

DE LA REGION
QCCITANIE

Literré
Eulitt
Frateruite

TELEMAC - Hérault aval
Utilisation opérationnelle

*Bassin versant cévenol

ZO n e d ,étu d e *Zone de propagation en lit mineur + chenaux secondaires

*Ouvrages barrant et latéraux

Cal age d u *TELEMAC 2D calé en 2017
* Objectif reproduction propagation
»Maillage adapté a utilisation temps réel

~ .
m Od e I e +8 événements ",

*Implantation en POM

*Débits d’entrée observées et simulés

*Analyse des performances et incertitudes

*Simulation de — 6h a +10h toutes les 3 heures en 40 min environ

DREAL Occitanie - Division Prévision des Crues et Hydrométrie Méditerranée Ouest 24/11/2023



7|

¢

cnes

cLe = CERFACS

COLLECTE LOCALISATION SATELLITES

Implementation of the

Chan-Vese distance in an
Ensemble Kalman Filter for

the assimilation of SAR
images as front-type data
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Rodriguez Suquet?, A. Andral3
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filter for the assimilation of SAR images as front-type data
Q. Bonassies?, S. Ricci?, S. Pefia Luque?, C. Fatras3, T.H. Nguyen? A. Piacentini?,
R. Rodriguez-Suquet?, A. Andral3
1: CECI, CNRS UMR 5318/CERFACS; 2: CNES; 3: CLS

Objectives of the study
The study of flood event and inundation is crucial as it is the most common and devastating
natural disasters in the world. The high uncertainty in numerical hydraulic models is a hindrance
to their use. Data assimilation (DA) is used to reduce the uncertainty. In this work, the error in the
position of the flood extent is reduced.
Develop in Telemac-2D (T2D) code the Chan-Vese distance within an Ensemble Transform
Kalman Filter algorithm
1L Create a simple T2D toy model
il Test the DA algorithm in an observing system simulation experiments (OSSE) with the T20

model

Telemac-2D and the Valley test case
The T2D numerical model represents a straight channel of 1skm length and 1km width with two
floodplains on each side of the channel. The mesh is composed of about 115,000 nodes. There are
three Strickler coefficients, one in the riverbed and two for each floodplain. The model is
composed of two liqud boundaries:  prescribed flowrate upstrean and a stage-discharge curve
downstream.

H

Prescribed flowrate
Wall "
- Stage-discharge curve [ks=60 |

DA is used to reduce the uncertainties in the numerical models and the observations. An
Ensemble Transform Kalman Filter (ETKF) algorithm combined with the Chan-Vese distance is
used to compare the observed front-lines and the ensemble of simulated front-lines. The control
vector of the DA algorithm s composed of f, an additive factor to the inflow discharge.

He Ws(m) Synthetic EO-based

Numerical models have +Flood observations
uncertainties due to
= Initial bathymetry
= Initial conditions
= Hydraulic forcing
* Boundary conditions
1

Flood inundation models with
uncertain forcings parameters

Compare
flood front
using
Chan-Vese
distance

“Open loop"”
model states

Updated model states
and parameters

The Ensemble Transform Kalman Filter (ETKF) Framework

New DA cycle: cra
) .

5 Telemac-2D
Qup, prior — T
Current DA cycle: ¢ Water level Analysed
Water level
Qi ay be an observed hydrograph | ( Flood fronts ) fmnls
Telemac-2D.

ora constant flowrate

= CERFACS

The Chan-Vese distance is based on contingency maps which defined four areas in the image:

False positive, True positive, False negative and False positive. From those areas, two scalars are

defined to compute the Chan-Vese distance
Image of referen(e

i

Contingency map

¢7ef = Contour of reference

Simulated image

True Negative
+True Positive

FN: False Negative

¢ = Simulated contour
 False Positive

Chan-Vese contour fitting distance is defined as:
D(§40) =D (9, ) + 079"

Where:

D*(¢™,§) = Hu(p) (d;‘“ — Cmax(¢™', ¢
D(¢™¢) = (1.~ Ho(@)) (¢ — Cmin(¢",4))

Hv is a Heaviside function returning 1 if the pixel is flooded, 0 elsewhere. Cmax and Cmin are
respectively the max and min of the scalar Cg and C;.

Analytical metrics
Three metrics are used to analyse the results. The first two moments of the control vector are the
first metrics: the mean and standard deviation. The last one is the Chan-Vese functional which
compare two images.
J: mean Chan-Vese functional
(similarity score between two images)
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OSSE settings and results
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Time (s) Time (s) —— observation
For both experiment, /7 reaches a value that, added to the prior setting goes to the truth value of
the upstream flow. J show similar result, it i reducing witt

After the analysis steps, o is reduced to zero. This mean that the ensemble collapse to one value.

(I, Qi prior
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Perspectives on Chan Vese-ETKF work

oNew experiment with an observation created with a different topography,
oAdd spatial control vector;
oTest with a

o Test on the Garonne catchment model on 2019/2021 flood events.

observation;
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Pattern-aware flash flood modeling with a 2D hydraulic-hydrological model

and multi-source variational data assimilation
By L. Pujol, P-A. Garambois, S. Chen and J. Monnier

Context : Wealth of information from global databases Tools : the DassHydro toolchain
* High resolution rain data products (in space and time) * DassFlow2D : highly parallel hydraulic model with full
* Global estimates of soil occupation, soil composition, soil moisture SWE, FV scheme, newly implemented infiltration
* Global DEM and local high resolution LiDar data source terms (Green-Ampt and SCS-CN).

* Variational Data Assimilation (VDA), based on adjoint
=> an opportunity to model fine-scale, accurate flood genesis model obtained through automatic differentiation of the
phenomenons with distributed parameters and states over large source code, suited to solved high-dimensional
scale catchments at high-resolution inverse problems

DassHydro website :
https://www.math.univ-toulouse.fr/DassFlow/index.html

Regionalization operator for distributed infiltration parameters
* Pedotransfer functions used to estimate parameters
* Pedotransfer coefficients regionalized and inferred
. . . Modeling a real large scale catchment : Réal-Collobrier
Pedologic maps A priori regions * Well-observed case with fine ANTILOPE J+1 rain, soil maps, in situ
stations and hydrological states estimates
* Inferences of regionalized distributed parameters
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Regionalized inverse problem


https://www.math.univ-toulouse.fr/DassFlow/index.html

Multi-gauge Hydrological Variational Data Assimilation: Regionalization Learning with Spatial Gradients using Multilayer Perceptron and Bayesian-Guided Multivariate Regression
Ngo Nghi Truyen Huynh', Pierre-André Garambois', Frangois Colleoni', Benjamin Renard', Héléne Roux* . .
'INRAE, Aix-Marseille Université, RECOVER, 3275 Route Cézanne, 13182 Aix-en-Provence, France A I X M a rs e I I I e
2Institut de Mécanique des Fluides de Toulouse (IMFT), Université de Toulouse, CNRS, 31400 Toulouse, France i —
universite
Socialement engagée
Presentation outline:
- New approaches for learning spatially distributed parameters of a differentiable hydrological model: descriptor to parameters operators, Bayesian like estimator for first guess in equifinality context
- Study equifinality within a high-dimensional optimization framework adapted to distributed models
- Application of the method in a multi-gauge calibration setup on flash flood prone area with complex hydrological responses
- Perspectives on uncertainty quantification and correction, learnable hydrological operators, both in the structural modeling and the content of the data
—

Input data (2D mesh, flow directions, meteo forcings) ]

Méthode:

- Parameter regionalization within differentiable distributed hydrological model using adjoint-based gradient and high
dimensional optimization algorithms

- Learnable regional mappings based on: (i) multilayer perceptron (ANNR) and (ii) Bayesian-guided multivariate
regression (BGM2R)

- Combination of numerical adjoint model and neural network Jacobian, enabling high-dimensional spatialized
optimization

- Combination of Bayesian-like estimator and VDA algorithms in the context of “resulting parametric equifinality” when

Bayesian estimation
p =P80

Full forward model

Pre-regionalization mapping

(z) = P(D(z), p)

Hydrological
parameters

Spatio-temporal
simulated
quantities

Physiographic
descriptors

D(x)

Gridded
hydrological mdoel

dealing with spatialized controls and high-dimensional optimization problems Optimization algorithms Cost and gradient computation

- Multi-gauge calibration cost function accounting for information from multiple observation sites depending upon regionalization mapping J, VJ

Résultats: Observation of hydrological response/
B8 Uniform (local) =2 UR/SBS-FG @2 LDB-FG @ ANNR

EE Distributed (local)  EEE M2R = BGM2R
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Travaux en cours et perspectives:

02 E g - Continuer les travaux sur les neural ODEs :
intégrer les réseaux neurones dans le modele
00 direct
- Améliorer/Régionaliser le modéle LSTM pour
w02 P1 Gauged (n=11) P1 Ungauged (n=9) P2 Gauged (n=11) P2 Ungauged (n=9) la correction d'incertitudes du modele

hydrologique

0.8

'

0.6

0.4

NSE

0.2

0.0

Colloque SHF “Prévision des crues et des inondations — Avancées, valorisation et perspectives”
P2 Ungauged (n=9) P1 Gauged (n=11) P1 Ungauged (n=9) Toulouse, 28-30 ngygmbge 2023

Spatial Validation Temporal Validation Spatio-Temporal Validation s

P2 Gauged (n=11)
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