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©) The Earth Observation Lab in CNES

promote space solutions and support
users in the development of applications
with an Earth Observation component.

[
- :“"fE | « The Earth Observation Lab created in 2018
« Space-based Earth Observation solutions

ExPERTS

i 3‘@3 +  Space-based algorithms and methodologies

 Encourage the emergence of applications
iImplementing an Earth Observation
component

* Prepare the downstream use of future data,
participate in the definition of new missions

« Training, monitoring

TERATEC, May 31%, 2023, R. Rodriguez, S. Ricci, T.H. Nguyen
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HSPS: HPC Simulation of
Propulsions Systems

S <
fBCERFACS AVBP

= S saFraN $aomo

HSAA: HPC Simulation of
Aerodynamics and
Aerocoustics of

Fixe ‘

CLIMAIR

HPC for modelling
climate-air transport
links

CENTRE EURDPEEN DE RECHERCHE ET DE FORMATION AVANCEE EN CALCUL SCIENTIFIOUE

Numerical
Algorithms

Scalable
Computing

Environmental modeling at CERFACS

SHEPCS: HPC Simulation of
Hydrogen-based energy
production and clean enerev.

MODEST:
HPC Modelling for
Environment and Safety

Sustainable Data Driven

programming Modelling

écnes @ ToTAL

CLIPROC: Climate Variability and
Predictability: From Ocean to
Continental Impacts

<seoF 3, AIRBUS

FRANCE
TERATEC, May 31%, 2023, R. Rodriguez, S. Ricci, T.H. Nguyen
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Private center of research, development and
transfer in simulation, modelling and HPC

Both private and public entity, affiliate to
CNRS (CECI, UMR5318)

Hot topics in climate and environment
modelling:

o Air transport and climate,

o Climate variability and predictability,

o Environment and Safety.

With the increase of satellte and field
measurements, we enhance physical
modelling with data-driven methods such as
data assimilation, uncertainty quantification
and artificial intelligence.
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FloodDaAlln DT

Flood Detection, dlert & rapid Mapping

Digital Twin

Space sensors
CNES/ESA/ Airbus

Satelite images
Radar & Optical

ﬂoodDAM@‘f‘

SCO FloodDAM Digital Twin

o .t
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SCO FloodDAM project labelled in
2020.

Digital twin FloodDAM-DT with
NASA AIST IDEAS (Integrated
Digital Earth Analysis System) in
progress until early 2024

Objective: develop Federated
Digital Twins solutions between
NASA IDEAS and SCO-FloodDAM
for alert systems and flood risk
maps on local and global scales
using space technologies

QUANTCUBE = CERFACS
@ AIRBUS el
DEFENCE & SPACE !
—— BDEZ
o CLS V.GICRUES
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I I France Catchment : Garonne river USA Catchment : Ohio River
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©) -IF-(E?ATEC (ii) Flood Rapid Mapping from EO data

[0 Flood rapid mapping from SAR and optical data over the world

. - %
] Developed by CLS (Collecte Localisation Satellite) in France cnes CLS

Seattle (US) and Vancouver (CA) flood event 2021-11-16 Garonne Marmandaise (FR) flood event 2021-02-03
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©) Forurm (iii) Hydrodynamics modeling and data assimilation

TERATEC

+ Simplified Navier Stokes equations 1D, 2D, 3D
* Limited information on bathymetry,
topography, friction, hydrology, rainfall and

— : maritim forcing
Data assimilation

in-situ : high frequency but sparse
remote sensing : spatial coverage
(SWQT) but low temporal coverage
Various nature of errors

= CERFAC

CENTRE EURDPEEN DE RECHERCHE ET DE FORMATION AVANCEE EN CALCUIL SCIENTIFIOUE

A /4
Qol ;

BACKGROUND

Assimilation of RS flood extent for
flood forecasting improvement

Legend

* observations

b W Exclusion la
yers (from Land cover map I0TA2)
. background X Flood extent simulated by Free run experiment
S1-derived flood extent map (2021-02-02 18:55)
I Non-flooded pixels
Flooded pixels

(prior, forecast)

> B analysis X2

(posterior, update)

TERATEC, May 31%, 2023, R. Rodriguez, S. Ricci, T.H. Nguyen

ANALYSIS Time
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\\) ilii) Hydrodynamics modeling and data assimilation
O TERATEC (i) Hydrody :

Multisource geographical data Automated Satellite Flood mapping
fusion for topography Gaugeistations

Floodplain topography

Flood mask WSE maps
River bed geometry '

Exclusion layers in urban and
suburban areas

UoI1e1953A INIA

Vegetation classes
Urban/peri-urban landscape

Uncertain inputs

Zobs, [1, ...Ne]

Earth Observations

Q(t) Hydrology forcing
Vot Friction coefficients

Flood Front

>

70 bs

param®! 4 i 2 : i am
Uncertainty reduction with Data Assimilation

K param®?

param?a!

paramfn

WL [1, .., Ne]

DA analysis state

and param

param?a2

param?"

t

-

Ensemble SW simulation

SW model integration
» TERATEC, May 31, 2023, R. Rodriguez, S. Ricci, T.kL.Nguyen
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\ Iii) Assimilation of SAR-derived flood extent
O TERATEC (i

Garonne Marmandaise catchment - flood event Feb. 2021 Simulated vs. observed water level

01°E 0.2°E 0.3°E 7 04°E == Observed FR IGDA
) 1 Legend [446°N
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I Ks3 > 6
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B Ks6 FA45°N 4o 4
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20 dH1 5
197 Legend
[CJT2D Garonne Model Boundary
£ 10 f Contingency Map
— Correctly predicted - Non flooded (TN)
‘5 0.5+ Bl Correctly predicted - Flooded (TP)
= Underprediction (FN)
e B Overprediction (FP)
0.0 ‘ ! S
- T ‘\. ‘). q' ‘\. ‘,. 9.
h% A e 1 0 Q \\)
. R oY oY oY oY ov or oY
Hydrodynamic model : Telemac 2D S @Y @ @Y @ oY o

Free run simulation
IGDA : FR simulation with Data assimilation of in-situ and remote sensing observations

Publications:

* Nguyen et al., (2022) Improvement of Flood Extent Representation with Remote Sensing Data and Data
Assimilation, IEEE Transactions on Geoscience and Remote Sensing, 60 (4206022), pp. 1-22,
doi:10.1109/TGRS.2022.3147429

* Nguyen et al., (2022) Dual State-Parameter Assimilation of SAR-Derived Wet Surface Ratio for Improving Fluvial Clear Im provement Of SY Iated ﬂOOd
Flood Reanalysis, Water Resources Research, 58 (11), pp. e2022WR033155, doi:10.1029/2022WR033155 H mi 1
* Nguyen et al., Gaussian Anamorphosis for Ensemble Kalman Filter Analysis of SAR-Derived Wet Surface Ratio eXtent mapS usi ng Data ASSI mllatlon Of

Observations. IEEE Transactions on Geoscience and Remote Sensing, (Under review) in-situ and RS data

= CERFACS

CENTRE EURDPEEN DE RECHERCHE ET DE FORMATION AVANCEE EN CALCUL SCIENTIFIOUE TERATEC! May 318‘1 20231 R- ROdrigueZy S' RiCCi! T'H' Nguyen
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S TERATEC (i) y

Wide swath interferometric altimetry with SWOT

" Image radar de Toulouse par le satellite SWOT 2,

R SE g ‘ La Garonne (= 200 mde large)
Loy q‘leSLsa}gamee \ et le centre-ville de Toulouse

Gi*aViére§ _ Canal du Midi
(= 20 m de large)

L’Ariége?!
(= 50 m de large)
—BEN

©CNES / NASA

= CERFACS
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Radar altimetry with Sentinel 6

25

20

15

200 300
Range gates

| Obstoassm. | ZRMSE at 56 center ine

12 Dec 31 Dec 10 Jan

Free Run - 0.373 0.255 3.598
in-situonly  In-situ data 0.469 1.203 4.765

S1-derived WSR
RS onl : : :
y and S6 data 0.121 0.093 3.043

CENTHE EUROPEEN DERECHERCHE T 0E FORHATION ACEE N CALCUL S TERATEC, May 31%, 2023, R. Rodriguez, S. Ricci, T.H. Nguyen
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) Large-scale/Local-scale modeling with data assimilatio
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Forcing data at Tonneins

Legend 5000 4

¥ @ In-siu stations - VigiCrue forcing
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= CERFACS

CENTRE EURDPEEN DE RECHERCHE ET DE FORMATION AVANCEE EN CALCLIL SCIENT

CSl 36.63%

FRR IDAR s IGDAR
2021/02/03 19:00 2021/02/03 19:00 2021/02/03 19:00
Legend Legend Legend

~1 Correctly predicted - Non flooded 1 Correctly predicted - Non flooded

~1 Correctly predicted - Non flooded

B Correctly predicted - Flooded
Underprediction

B Overprediction

Il Correctly predicted - Flooded
Underprediction
Bl Overprediction

Il Correctly predicted - Flooded
Underprediction

Bl Overprediction
TERATEC, May 31%, 2023, R. Rodriguez, S. Ricci, T.H. Nguyen
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O TERATEC (iv) Financial Risk Map

1 Environmental Intelligence Platform and API Flood risk map from FloodDAM-DT data
combination with :

[0 Real time product on financial risk estimation and risk  [REECEEEICEEIEEICEMIEICIER S
map generation of flooding for different type of assets iRl

Marmande - Residential area

Pipeline

Input Flood Map Q3 risk modeling

Asset valuation: S

Area: 3.7 km?

&/ Total population on area : 850 hab

Estimated cost o .
Agriculture: XXX $ +/- xx
’ ¢ ’ o
Qﬁ Industrial: XXX $ +/- xx
Company_1: XXX § +/-
- |
Social/Env metrics
Impacted population: XX K
Hourly flood map + xx _| Biodiversityimpact:Flood | 202
hours forecast eventin a protected area @ AGRICULTURAL ® ARID @ FOREST  © PLAINS ©® URBAN @ W,
* paverage estimated water
elevation
Newspaper info
Le monde: Flood Event ...
{Le monde: L Flood event : 02 / 2021 Estimated cost on asset : $
Indicator
- QO Estimated Cost @ Impacted Population
&
oA
[
S
TECHNOLOGY %
o
o
o|
o
~
£
&l e

TERATEC, May 31%, 2023, R. Rodriguez, S. Ricci, T.H. Nguyen



© il (v) Visualization Platform: Hydroweb.next 'l
TERATEC : Hy -

[0 FloodDAM-DT processing chain will be integrated in the hydrological platform Hydroweb.next

1 CS-Group responsible of the FloodDAM integration, inter-operability and interfaces &
& B
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penStreetMap TERATEC, May 31%, 2023, R. Rodriguez, S. Ricci, T.H. Nguyen © 44,550 =0.735
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©) TERATEC IDEAS/FloodDAM-DT Timeline

. Project Progress Meeting #2
COO pe rat| on | D EAS/F I OOd DAM' DT Pre-demonstration between IDEAS
> services and FloodDAM without proxy
1/12/2023

Project Progress

Meeting #3 End-to-End

demonstration with
> proxy on selected

events

1/3/2024

Project Progress
Meeting #4

. . FloodDAM
CNES-AIST Kickoff Meeting complete

> 18/2/2022 integration in
> Hydrowebnext
Project Progress Meeting #1 Interface & and final
service specifications,selection of flood end-to-end
1st Copil > events 2nd Copil demosntration
> 21/6/2022 2/12/2022 > 15/10/2023 1/4/2024

Kick-Off JPL and French partners
30/5/2022

2024

2022

A

Present

Foocoa - o [ 27 - 1/4/7024

Shared platform for:

Project monitoring, documentation, meeting reports (Confluence and GitHub)
Code (Gitlab) TERATEC, May 31%, 2023, R. Rodriguez, S. Ricci, T.H. Nguyen
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Perspectives for FloodDAM-DT
TERATEC pectiv J‘

Towards Earth Digital Twins with a focus on hydrology
Improvement of Flood extent mapping algorithm from SAR and optical data

Generation of hydro-compatible high-resolution Digital Elevation Models and
Land-use-land-cover maps from remote sensing

Multi-sensors Data Assimilation for floods with 2D hydrodynamic models: Water
Level from Sentinel-6MF, WSE maps from SWOT, front-like structures from water
masks

Coupled Data Assimilation with chained large-scale/local-scale hydrology models
Assessment of safety and socio-economic impacts of flooding

Application to other catchments of interest with safety and financial stakes
Automatization of the entire chain

Interoperability using standardized interfaces and data homogenization from the
emerging Digital Twin specifications

TERATEC, May 31%, 2023, R. Rodriguez, S. Ricci, T.H. Nguyen
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(%) ;EgATEC Space For Climate Observatory (SCO)

The SCO is one of the actions of the commitment n°5 (Zero Emission Goal) of the One Planet Summit (Dec. 2017)

PL
= [|nitiative proposed by the President of CNES during the first OPS < ",,,
< m
= Acting against the impacts of climate change o -
0 A

= Signature of a Declaration of Intent by 35 space agencies and international orc Omwmd June 2019)

s = —
cn‘és —
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ESETI

H Rymdstyrelsen

Swedish National Space Agency

eLaaall & yla ¥l LS, g {@; UNITED NATIONS
4 UAE SPACE AGENCY % Office for Outer Space Affairs
UK SPACE D[P]

AGENCY
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Q ;EgATEC Space For Climate Observatory

SPACE CLIMATE
OBSERVATORY

Decision-
making tools

Local scale ,,
Anticipate

impacts

Objectifs de
Développement
Durable

https://www.spaceclimateobservatory.org/
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