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The Earth Observation Lab in CNES
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Environmental modeling at CERFACS 

● 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: 
○ Air transport and climate, 
○ Climate variability and predictability, 
○ Environment and Safety.  

● With the increase of satellite and field 
measurements, we enhance physical 
modelling with data-driven methods such as 
data assimilation, uncertainty quantification 
and artificial intelligence.  
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SCO FloodDAM Digital Twin 

• 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

• Partners:
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Selected Sites for Demonstration

France Catchment : Garonne river  USA Catchment : Ohio River 
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SCO FloodDAM-DT PIPELINE

1- Water level 
measurement

2- Water height 
anomaly
detection

3- Flood rapid 
mapping from 
EO imagery

4- Modeling 5- Risk map & 
Use Cases

• Financial 
institution

• Insurers
• Real estate 

funds
• Etc… 

Interface
DT

Interface
DT

Interface
DT

Standardize resource interfaces using emerging DT specifications (OGC standards)

6- Visualization 
Platform

i ii iii iv v
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(i) Anomaly Detection and Alarm System
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� Flood rapid mapping from SAR and optical data over the world

� Developed by CLS (Collecte Localisation Satellite) in France

(ii) Flood Rapid Mapping from EO data
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Garonne Marmandaise (FR) flood event 2021-02-03Seattle (US) and Vancouver (CA) flood event 2021-11-16



(iii) Hydrodynamics modeling and data assimilation

QoI

Time

Assimilation of RS flood extent for 
flood forecasting improvement
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(iii) Hydrodynamics modeling and data assimilation
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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 
Flood Reanalysis, Water Resources Research, 58 (11), pp. e2022WR033155, doi:10.1029/2022WR033155

• Nguyen et al., Gaussian Anamorphosis for Ensemble Kalman  Filter Analysis of SAR-Derived Wet Surface Ratio 
Observations. IEEE Transactions on Geoscience and Remote Sensing, (Under review)

(iii) Assimilation of SAR-derived flood extent

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

Hydrodynamic model : Telemac 2D
FR : Free run simulation
IGDA : FR simulation with Data assimilation of in-situ and remote sensing observations

IGDA

Clear improvement of simulated flood 
extent maps using Data Assimilation  of 

in-situ and RS data

FR
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(iii) Towards altimetry data assimilation

Wide swath interferometric altimetry with SWOT Radar altimetry with Sentinel 6

MarmandeCouthures

La Réole

Tonneins
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(iii) Large-scale/Local-scale modeling with data assimilation

FRR

2021/02/03 19:00

IDAR

2021/02/03 19:00

IGDAR

2021/02/03 19:00

CSI 36.63% CSI 57.90% CSI 94.34%

Correction of large-scale inflow to the local model using Data Assimilation of in-situ and RS data
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� Environmental Intelligence Platform and API

� Real time product on financial risk estimation and risk 
map generation of flooding for different type of assets 

Pipeline

Flood risk map from FloodDAM-DT data 
combination with :  

• Geolocation data of physical assets
• Geolocated Social media data 

(iv) Financial Risk Map
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� FloodDAM-DT processing chain will be integrated in the hydrological platform Hydroweb.next

� CS-Group responsible of the FloodDAM integration, inter-operability and interfaces 

Time series of water levels in the rivers and lakes around 
the world processed from satellite altimetry

(v) Visualization Platform: Hydroweb.next
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2022 2024

Present

janv
.

mai sept. 2023 mai sept. 2024

CNES-AIST Kickoff Meeting
18/2/2022

Project Progress Meeting #1 Interface & 
service specifications,selection of flood 
events
2/12/2022

Project Progress Meeting #2 
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 
complete 
integration in 
Hydrowebnext 
and final 
end-to-end 
demosntration
1/4/2024

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

1st Copil
21/6/2022

2nd Copil 
15/10/2023

3/1/2022 - 1/4/2024FloodDAM-DT 

Shared platform for:
Project monitoring, documentation, meeting reports (Confluence and GitHub)
Code (Gitlab) 

IDEAS/FloodDAM-DT Timeline 

Cooperation IDEAS/FloodDAM-DT:
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Perspectives for FloodDAM-DT

❖ 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
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TEXTE

THANK YOU



BACK-UP SLIDES 



Space For Climate Observatory (SCO)

22

▪ Initiative proposed by the President of CNES during the first OPS 

▪ Acting against the impacts of climate change

▪ Signature of a Declaration of Intent by 35 space agencies and international organizations (June 2019)

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



Space For Climate Observatory

23

https://www.spaceclimateobservatory.org/ 

Local scale

Decision-
making tools

Anticipate 
impactsSpatial, 

in-situ, 
socio-econo

mic data

https://www.spaceclimateobservatory.org/

