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Challenges : Ungauged Discharge
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Challenges : Global Scale feasability



https://podaac.jpl.nasa.gov/SWOT

Challenges : Agencies Operational Framework



Challenges : Nature of SWOT Observations
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Example of the “Official” Discharge Product :
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SWOT a priori River Database (SWORD)

• Etc.
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SWOT Discharge
ALGORITHMS

Algorithm Theoretical basis SWOT data Method

geoBAM Hydraulic geometry + Manning's eq. Water surface width (W), slope (S), 
cross-sectional area anomaly (dA) Bayes

MetroMan Manning's eq. w/o Q Water surface height (H), W, S, dA Bayes

Hi2VDI 1D Saint-Venant + Manning's eq. H, W, S, δA Assimilation
Machine Learning

SAD Gradually varied flow + Manning's eq. + 
hydraulic geometry H, W, S Assimilation

SIC4DVAR 1D Saint-Venant H,W,S Assimilation

MOMMA Empirical form of Manning's eq. H, W, S Calibration



INTEGRATOR
“Integrators” make discharge algorithm results 
consistent across entire river networks.

Courtesy : Michael Durand

https://swot.jpl.nasa.gov

 McFLI and VDA algorithms are generally intended to
run across a small part of a river network, optimizing
hydraulic parameters over just several reaches

 How to ensure consistency across McFLI parameter runs
in different parts of the basin?

 Integrators take estimates of discharge or discharge
parameters at different places within a river network,
and ensure they obey continuity at large scale



S. Tuozzolo, PhD Thesis. 2018

Steady flow optimization integrator (SFOI*)
McFLI and DA are generally too computational expensive to
run across entire river networks. How to avoid mass imbalance
at tributary junctions from inconsistent retrievals?

Courtesy : Michael Durand. 
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Subject to : 𝑄𝑄𝑖𝑖𝑛𝑛,1 + 𝑄𝑄𝑖𝑖𝑛𝑛,2 = 𝑄𝑄𝑜𝑜𝑜𝑜𝑡𝑡

Step 1: Estimate 𝑄𝑄 for steady flow conditions (currently using 
mean flow and 33rd percentile)

Step 2: Back out the flow law parameters for each algorithm 
that match the steady flow estimates.

* SFOI used to be called MOI



Durand et al. 2023
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1. Gage-unconstrained: DOES NOT USE stream gage data to
constrain SWOT discharge.
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1. Gage-unconstrained: DOES NOT USE stream gage data to
constrain SWOT discharge.

2. Gage-constrained: USES stream gage data to constrain SWOT
discharge (SWOT Algorithms).

CALVAL Orbit

NOMINAL Orbit

https://aviso.altimetry.fr

https://portal.grdc.bafg.de

Two Discharge Branches



Test/Validation Cases

- Test Cases : 19 Rivers (Benchmark 1)
- Blind Test Cases : 32 Rivers (Benchmark 2) 

Frasson et al. 2021



SIC4DVar   MetroMan HiVDI SIC4DVar   MetroMan HiVDI SIC4DVar   MetroMan HiVDI Gejadze et al. 2022

 Rivers of various hydraulic conditions,
including braided and multi-channel
rivers, dam effects, backwater, and
other effects.

 Temporal dynamics usually captured,
but oftentimes, large biases were
present.

 Results are not sensitive to temporal
sampling and observation error
(intrinsic to SWOT), but are sensitive
to how accurate modified Manning’s
equation fits true discharge.

Test/Validation Cases

- Test Cases : 19 Rivers (Benchmark 1)
- Blind Test Cases : 32 Rivers (Benchmark 2) 

Frasson et al. 2021



OHIO Verify 
Experiment

- SWOT-like observations.
- SWOT temporal frequency

and spatial distribution.
- Realistic representation of the 

errors.
- Test Cases: 215 River reaches.
- Sets of reaches (from 2 to 10).
- 16 USGS stations

Durand et al. 2023
Durand et al. 2023



Confluence run status: 
Proposed Nomenclature

STAGE 2

STAGE 1

STAGE 3

● Stage 1: Reach-scale FLPE
● Stage 2: Basin-scale FLPE 

(Integrator)
● Stage 3: “Offline” Discharge 

creation: Use Flow Laws, flow 
law parameters (from stage 2) 
and SWOT observations

Note: Confluence’s “offline” 
module mimics the discharge 
creation by the SDS

Courtesy : Mike Durand



Stage 1 & 2

Durand et al. 2023
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Stage 3 : Gauge-constrained



Durand et al. 2023

Stage 3: Gauge-Unconstrained



SWOT CALVAL
Steve will reveal the first results
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Improve SWOT discharge algorithms based on SWOT data
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Know SWOT better :
Improve SWOT discharge algorithms based on SWOT data

Learn from SWOT about Water
What SWOT tells us about daily dynamics
What SWOT reveals about inland water uses
How SWOT monitors large rivers
How SWOT captures small rivers and tributaries
Quantify SWOT accuracy and uncertainty in discharge

Make use of SWOT to :
Complement other satellite missions.
Know about smaller rivers (not observed by SWOT).

DAWG hand in hand with Global Modelling



SWOT Observable reaches
Small reaches



RAPID Data Assimilation of 
‘Synthetic’ SWOT Discharge

SWOT CALVAL



SWOT CALVAL

RAPID Data Assimilation of 
‘Synthetic’ SWOT Discharge

Global Hydrology Groups:
M.J. Tourian et al.
S. Munier, A. Boone, S. Ricci
…





EXTRA SLIDES



Maroni River – French Guyana, 2019
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