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Objectives

Estimating discharge for ungauged rivers:
- using only remote sensed data (e.g., SWOT! mission);
- without any prior information;

- using a non-uniform steady-state and morphological hypotheses.

'Surface Water and Ocean Topography Mission



How to estimate discharge?

Direct problem

2D stationary Shallow
Water Equations (SWE)
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Periodic Equivalent Model
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Morphological variability characterized by ‘

repeated alternating units! (e.g., pools and riffles)

- periodic alternating pools and riffles ;

- asymmetrical cross-sections according
to the position of pools and symmetrical
cross-sections for the riffles ;

- a meandering form of the reach.

Generator of

Curvature based asymmetry?, Kinoshita curves?, and sinusoidal functions
the geometry

Direct model

S.W.E solver Basilisk*: Suitable with periodic boundary conditions

'Mahdade et al. (2020), 2Kinoshita (1961), *Deutsch et Wang (1996), *Popinet (2013 ):www.basilisk.fr



Periodic geometry vs. Inverse models

Explicit geometry

___Uniform geometry

00

+ Few parameters to calibrate
(covariance of geometrical
parameters)

* No in-situ boundary conditions

e.g., Oubanas et al. ) ipermdlc B{i) I
(2018) ow computation time
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Test cases with the periodic model
Test of MacDonald et al. (1997) :

Sinusoidal water depth hgpq | ‘
) ) ! Fourier analysis
Manning coefficient n
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Computed water depth Ay,um
Periodic model : Basilisk

Periodic bed elevation <b
Manning coefficient 7

Discharge ¢




Test cases with the periodic model

1D test-case

Inputdischarge ¢ = 2 m?.s~! 1D Wavelength A = 1000 m
PeriodicManning Coef n(z) = 0.03 — 0.01sin(koz)

Analytical depth Nana(®) =

Elevations (m)

1
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RMSE(hanas bnum) = 0.019 m
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2D test-case

2D Wavelength A2p = 1500 m
Bankfulldepth hpy =3 m
Bankfull width ws; = 30 m
Sinuosity ¢ = 3.0833

Inputdischarge ¢ = 2 m?%.s~
Manning Coef n = 0.03
Analytical depth

hana(s) = 1.6 + 0.8(1+
cos(2kos + ¢))

Difference (m)
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Perspectives

- Develop the inverse algorithm,;
- Test the periodic approach on the Garonne river in France.

Thank you !
Questions ?



Generator of periodic geometry
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SWE solver : Basilisk

Solving the Shallow Water Equations (SWE) in 2D : _ .
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- Finite volume scheme on an adaptive meshes using the software Basilisk!;
- Automatically generated mesh with adaptive refinement (by binary treein 1D or

quadratic tree in 2D);
- Flexible handling of periodic boundary conditions.

Dealing with the technical difficulty of modeling periodic geometric patterns

'www.basilisk.fr, Popinet (2013)



SWE solver : Basilisk




Inverse periodic model
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