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1CNES, 2Hydromatters, 3INRAE, 4CS-Soprasteria

SWOT  - PIXC, River products

Nadir altimetry
(S3,Jason, Envisat…)

River Widths (S1, S2)

In situ data
(SOS, water agencies)

Precipitations (MSWEP,ERA5, 
GSMAP, IMERG…) 

Goals
• River discharge framework based on a multi-

sensor and multi-model approach
• Scientific outreach & international

collaboration
• Demonstration of scaling up (Europe, Africa,

South America)
• Continuous integration of new research

modules & models
• Established scientific framework: INRAE,

INSA (ANITI PILEARN) & SWOT Science
Team partners

Landcover & Basins & DEM & 
Weather & Climate

SWOT Expertise Center

EO Hydrolab - framework

Hydrological DB HPC workflow - Chronos

External data

Context
Hydrological processes and remote sensing

• Accurate hydrological modeling (rain-discharge) and
hydraulic modeling (water height and fluxes) are key
tools for tackling water distribution and extreme
events esp. in the context of climate change

• The coupled physical processes resulting in surface
flows are complex (non-linear, multi-scale, multi-
frequency), and their observability is limited — much
of the hydrological cycle occurs underground, and
many rivers are ungauged

• Multi-source observability of the critical zone (in situ,
drones, satellites) is partial and heterogeneous, yet
rich and still underexploited, with potential for growth
(satellites ~ big data; high-resolution hydraulic
visibility of global rivers via SWOT).

• The critical zone, the site of surface 
processes and interactions 
between air, water, soil, rocks, and 
living beings (Source: CRITEX)

• SWOT satellite provide unprecedented 
global water elevation measurements on 
ocean and continental waters – rivers & 
lakes (Illustration Karen Wiedman)

SWOT inversion - hydraulics
HI2VDI, SIC4DVar

Hydrological models
MGB, SMASH

Hydraulic & Hydrological coupling
SMASH + 
Dassflow 1D/2D

SWOT inversion

Hydrological models

SWOT inversions

H&H Closing - MGB+Dassflow

Planning

Hybrid Physics – AI

Global river discharge

Discharge estimation at the cross-section using only SWOT observations

Project

Methodology Results Perspective

Semi-distributed H&H (hydrology and 
hydraulics) mesh / network, for a 
modelweakly coupled (MGB) pre-
calibrated with gauges –DassFlow
network, Maroni basin

Effective geometry and simulated 
waterline on the main channel of the 
Maroni
(Larnier, Garambois et al., 2025)

A Distributed Hybrid Physics-AI Framework for Learning Corrections of Internal Hydrological Fluxes and 
Enhancing High-Resolution Regionalized Flood Modeling (Huynh et al., 2025, HESSD) 

MGB - Large scale hydrological model 
(Pontes et al 2017)

https://www.ufrgs.br/lsh/mgb/

• Global approach – ready for continous
integration

• SWOT inversions are highly affected by a-
priori insitu discharge information 

HI2VDI  (Larnier et al, 2023) SIC4DVar (Oubanas et al 2018)

● 1D hydraulic unknowns: discharge , bathymetry, friction (Q, K, b)
● Local inverse problem (Q, K, b) (section-reach) is difficult, with bathymetry-friction 

equifinality (Larnier et al. 2020)
● Inverse approaches (see SWOT Discharge Working Group intercomparison, Frasson et al. 

2023), relevance of a hierarchical algorithm (Larnier et al. 2020) low Froude + 1D Saint-
Venant with variational assimilation (Brisset et al. 2016, 2018); SIC4DVar (Oubanas et al. 
2018) with consistent a priori and global approach = HiVDI (Larnier et al. 2020), hybrid AI 
(Hi2VDI, Larnier and Monnier 2023); Bayesian inference relevant in the context of 
uncertainty (Metroman, Durand et al. 2014; B-SFD, Malou et al. 2022; SIC-BVC, Gejadze et 
al. 2023)

Local Low-Froude hydraulic model: complexity adapted to SWOT data (Garambois 
and Monnier 2015, Rodriguez et al. 2020)

• 1D Saint Venant + Manning’s equation
• Variational Assimilation + ML

• 1.5 D Saint Venant, 
• Variational Assimilation + ML

• + Sequential version of VDA
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2025 – River widths, nadir altimetry, SMASH model integration (+Dassflow code)
2026 – Improved SWOT RiverSP & filtering,  a-priori dischage from in situ

(Colleoni et al 2017)

https://github.com/DassHydro/smash

• Performance statistics for the three categories 
SWOT discharge estimates (Andreadis et al, 2025)


