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General Context
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Monitoring from SpaceGeneral Context
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Satellite +6SWOT
16 Dec 2022

✓Disponibilité des mesures le long d'une ligne de 120 Km de large.

✓ Radar KaRIn fournit des images sur des bandes de 120 km de 
large avec une précision < cm

✓Résolution de 2km  à 250 proche des côtes

SWOT : Surface Water and Ocean Topography
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SWOT : Surface Water and Ocean Topography

Satellite Franco-américain
SWOT

16 Dec 2022
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Newlyn

Devonport

Roscoff
Saint-Malo

Cherbourg

Newhaven

Le Havre

Dieppe

Boulogne

Dover

Calais

Observations of Water Levels – English Channel

Hydrodynamic context of the
English Channel, illustrating
bathymetry, tidal propagation, equal
tidal range contours and coastal tide-
gauge locations.

Spatial coverage of SWOT
observations over the English
Channel. The repeated SWOT
ground tracks provide extensive
two-dimensional observations
of coastal water levels across
the basin,
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a) b)

Weymouth

SWOT CAL/VAL

~ 1 day Orbit

✓ Erreur Moyenne <  40 cm

✓ Bonne reproduction des niveaux d'eau lors des tempêtes

Observations of Water Levels- SWOT

Turki et al., 2025- JAG
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NewHaven

Cherbourg

Dielette Cherbourg

Dovenport

Roscoff

Cartes 2D des Niveaux d'eau SSH –

Cartes 2D des Anomalies des  Niveaux d'eau SSHA

Observations of Water Levels- SWOT
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✓ Erreur 
Moyenne <  90 

cm

✓ Amélioration 
de 

l’échantillonna
ge temporel 

par 
combinaison 

des différentes 
traces

Observations of Water Levels - SWOT

Turki et al., 2025- JAG
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β0 varies between -0.5 and -0.3

Spatio-temporal Reconstruction of Water Levels – English Channel

Lopez et al., 2025- JGR
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Distribution of frequential components 
(diurnal, semidiurnal, …) seems to be 
related to morphological configurations 
in the English Channel

Lag Regression –Variational 
Mode Decomposition :  

reconstruction at SWOT point

Reconstruction of Water Levels – English Channel

MODE 1

MODE 2

MODE 3

MODE 4

MODE 5

MODE 9

MODE 7

MODE 8

MODE 6

The spatial distribution of frequency components (diurnal, semidiurnal and higher-frequency tidal components)

Lopez et al., 2026- JGR
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Simulation des Composantes Harmoniques
par VMD-SWOT

Simulation des Composantes Harmoniques
par FES 2022/MARC

Simulations of Reconstructed Harmonic Components– SWOT-VMD

Lopez et al., 2026-
JGR
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Surges SWOT – TELOSA( Meteo-France)

Video of water level

Storm Surges SWOTWater Level - SWOT

Astronomical Tides SWOT

Reconstructed Harmonic Components + Surges during Ciaran Storm

Lopez et al., 2026- JGR
Lopez et al., 2026- JGR
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Validation de SSH –(L2 HR PIXC)  - Marégraphe

SWOT HR - Observations - PIXC

Cherbourg : RMSE ≈ 0,11 m, r ≈ 0,997
Le Havre : RMSE ≈ 0,11 m, r ≈ 0,999
Saint-Malo : RMSE ≈ 0,53 m, r ≈ 0,987
Diélette : RMSE ≈ 0,86 m, r ≈ 0,919
Dieppe : RMSE ≈ 2,83 m, r ≈ 0,83, e

Turki et al., 2026-JRS
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Cartes 2D des Niveaux d'eau SSH –(L2 HR PIXC)

2D Observations of Water Levels - Cherbourg

Fine-scale SSH variability

Turki et al., 2026-JRS
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Decomposition de SSH par EOFs

Principal Components of Water Level Variability

The dominant EOF captures the large-
scale coherent SSH variability, while
the remaining variance is distributed
among numerous fine-scale spatial
modes.

Turki et al., 2026-JRS
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Analyse Spectrale  de SSH par 3D CWT

Spectral  Components of Water Level Variability

SWOT HR reveals localized SSH 
variability over a wide range of 
sub-kilometric spatial scales.

Turki et al., 2026-JRS
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Spatial distribution of Morlet wavelet power across 
selected wavelengths derived from the detrended 
SWOT HR SSH anomaly.

Wavelet-power maps from 0.20 to 1.21 km reveal a 
transition from fine-scale distributed variability to 
larger, spatially coherent structures.

Red areas indicate regions affected by edge effects and 
excluded from the interpretation.

2D Spatial Distribution of CWT power – SSH Anomaly

Turki et al., 2026-JRS
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Spatial distribution of scale-integrated Morlet wavelet
power within the 0.5–0.8 km wavelength band.

Scale-integrated wavelet power (0.5–0.8
km)Integration of Morlet wavelet power over the
dominant 0.5–0.8 km wavelength band highlights
localized sub-kilometric SSH variability observed by
SWOT HR.Red areas indicate regions excluded because
of edge effects.

2D Spatial Distribution of scale-integrated CWT power – SSH Anomaly

Turki et al., 2026-JRS
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1. Multi-scale SWOT observations

➢ LR: regional monitoring of water levels across the English Channel 

➢ HR: access to fine-scale coastal variability, down to sub-kilometre scales 

2. Strong complementarity

➢ tide gauges: improving the temporal continuity 

➢ Models: hydrodynamic similations

➢ SWOT HR: spatial structures that are difficult to capture using point-based observations alone

➢

3. New perspectives for extreme events

➢ Spatiotemporal reconstruction of water levels

➢ Monitoring of tides, storm surges and storms 

➢ Potential for monitoring coastal Hazards

➢ Reconstruction of digital Twins Framework

Concluding Remarks
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