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• Context
• Steady decrease of in-situ stations over the past 3 decades
• Real time monitoring using dense in situ data only available in developed countries
• Strong potential benefits of remote sensing in developing countries such as in Africa
• Copernicus Sentinels constellation
• The SWOT mission

• Objectives
• Develop an automatic method to setup coupled hydrology-hydrodynamic models 

using fusion of EO Open-Data products for basins with sparse in-situ data
• Analyze the assimilation of conventional altimetry and/or SWOT river L2 products

CONTEXT & OBJECTIVES



ANITI Days – 2023-11-26

• What do we need to setup a coupled hydrological-hydrodynamic model ?

METHODS

MGB-IPH LSM [Collischonn et al, 2011] DassFlow-1D [Larnier et al,  2020]
Part of the DassHydro project
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• Automatic setup of the connectivity table for coupling

METHODS
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• Estimation of the effective cross-sections

METHODS
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• Data assimilation framework
• 4D-VAR, embedded in DassFlow-1D software.
• The inverse problem to solve is:

• Preconditioning using change of variable and 
covariance matrix

• Sensitivity analysis (ANOVA) to get:
• estimation of correlations length (𝐿_𝑋)
• Multi-steps optimization

METHODS
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EXPERIMENTS

Case Période Setup dataset Assimilation dataset

Maroni 2019-2021 ICESat-2 x ExtractEO (S1) ICESat-2 + S3

Maroni 2019-2021 ICESat-2 x ExtractEO (S1) ICESat-2+S3+in-situ (2)

Maroni 2023 (CalVal) ICESat-2 x ExtractEO (S1) ICESat-2+S3+in-situ (2)

Maroni 2023 (CalVal) SWOT (nodes, 1day) SWOT (nodes, 1day)
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• Experiment #3

RESULTS

Maroni ICESat-2 x ExtractEO (S1) ICESat-2 + S3 + in-situ (2)

16-05-2023 - 11-07-2023

219 ICESat-2 VS
19 S3A/B VS

Maripasoula

Papaichton

Grand-Santi

Apatou
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• Experiment #4

RESULTS

Maroni ICESat-2 x ExtractEO (S1) SWOT (nodes, 1day orbit)

16-05-2023 - 11-07-2023

5572 nodes
312032 observations

Maripasoula

Papaichton

Grand-Santi

Apatou
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• Conclusion
• Automatic setup of coupled hydrological-hydrodynamic model on a river network
• 4DVar data assimilation to estimate:

• Multiple inflow discharge time series
• Roughness parameters
• Riverbed elevation
• On a full  river network

• SWOT ready, results are promising !

CONCLUSION & PERSPECTIVES
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• Perspectives
• Going global using SWOT L2 river products – Sience orbit
• Fusion with historical altimetry missions
• Learnable parameters

CONCLUSION & PERSPECTIVES

CARAVAN Dataset [Riggs et al, 2023]

45847 stations

SWORD Dataset [Altenau et al, 2021]
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• Perspectives
• Going global using SWOT L2 river products – Science orbit
• Fusion with historical altimetry missions
• Learnable parameters
• Hybrid learnable hydrological-hydrodynamic models

ANITI Chair PILearnWater + TOSCA-ROSES project Hydro2Learning

CONCLUSION & PERSPECTIVES

SMASH hydrid regionalization framework
[Garambois et al, in prep]
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Thank you


