
Context & Objectives: Cal/Val over Rhine River

• Assess the hydraulic visibility offered by SWOT.

• Focus on 180 km of the Rhine river, a SWOT TIER 1 Cal/Val site, which features two parallel

channels: the Rhine Canal with 12 locks, and the more freely flowing natural Old Rhine.

• This unique configuration enables SWOT validation under diverse hydraulic conditions,

from artificial canal systems to semi-natural riverbeds.

Assessing SWOT’s Hydraulic Visibility on the Rhine: Precision Flow Lines 
and Slope-Based Flood Wave Propagation Signatures

Ledauphin T., Garambois P.-A., Larnier K. , Azzoni M., Emery C. , Picot N.,  Amzil S., 

Fjortoft R., Maxant J.,  and Yésou H.

Conclusion & Perspectives

• The results obtained over the Rhine Tier 1 Cal/Val site confirm the quality SWOT
measurements in terms of absolute water level.

• SWOT signal allows to identify:

- flood wave propagation, intumescence, and submersion wave slopes, in

agreement with in situ observations.

- Series of small riffles, about one meter high, and successive pools.

- Alluvial deposits, sandbanks, and recharge areas.

- Changes in the river profile over time, as a function of flow and river level.

• These data are promising for hydraulic modeling and infrastructure operation

support.

• Next steps: Assessing SWOT’s hydraulic visibility on French narrow rivers (20-100 m).

Fig. 2: CDF and metrics of the global comparison of the entire WSE from PIXC class 4, nodes, and reaches 
versus interpolated in-situ WSE over the Cal/Val period from 30/03/2023 to 10/07/2023.
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Fig. 5: Profile at high flow (Q = 605.59 m³/s) on 17/05/2023 at 16:35 (cycle 524) and low flow
(Q = 85.93 m3/s) on 30/05/2023 at 14:33 (cycle 537)  with water slope break.

Method:

• Use of PGC0 L2 HR PIXC (Pixel Cloud) product.
• Extraction of class 4 PIXC points over the Rhine river.
• Development of an expert-corrected SWORD centerline to adapt SWORD to the Rhine

morphology.
• Reprocessing of RiverSP products over the Cal/Val period (103 cycles) using RiverObs tool

on CNES cluster.
• Validation of PIXC and RiverSP products with the 44 gauge stations available over this

area, for the Cal/Val period : At the node scale and using a linear interpolation of in situ
water surface elevation (WSE) between gauges within each reach

Acknowledgements: Thanks to the CNES team for their constant support, especially to Nicolas and Roger. Thanks to the in situ data providers (EDF, WSA, LUBW, Vigicrues).

TL, HY, MA, SA, JM: ICube-SERTIT, Bd Sébastien Brant, 67412 Illkirch Graffenstaden. PAG : INRAE UMR RECOVER, 3275 Route de Cézanne, 13182 Aix-en-Provence.

KL : Hydro-Matters, 1 chemin de la Pousaraque,31460 Le Faget. NP, RF, CE : CNES, 4 Av. Edouard Belin, 31400 Toulouse.

5 Km

Fig. 4: Identification of natural riffles and weirs with a profile of the Old Rhine derived from PIXC 
class 4 and RiverSP nodes at a discharge Q = 85.93 m3/s on cycle 537 (30/05/2023 at 14:33).

Monitoring Profiles at Different Flow

• At low flow, WSE profiles highlight hydraulic controls (riffles, sandbars, pools) on Old
Rhine.

• At high flow, the WSE profile smooths out, masking natural controls.
• The natural flowing reach of the Old Rhine ends at the Breisach dam, which creates a

hydraulic control upstream.
• SWOT allows detection of the displacement of the water slope break located at the

upstream end of the Breisach dam.

Visibility of Natural Hydraulic Controls

• At low flows, the topography of the river surface observed by SWOT is a good
reflection of the riverbed topography:
- Natural riffles and weirs are marked by slope breaks.
- Pools are identified by flat areas on the SWOT profile.

Fig. 3: Hydraulic propagation phenomena in high-flow and profile in mean-flow conditions.
Both profiles are plotted over the WSE reach range value during the Cal/Val period.

Hydraulic Propagation Phenomena

• SWOT WSE snapshots closely match in situ data, revealing clear hydraulic propagation
phenomena.

• WSE range profiles, with maxima appearing in the upstream half of the reach, and slope
dynamics, with minima coincide with high slope values.

• At lower flow rates, SWOT aligns closely with the reach-averaged WSE.
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Fig. 1: Pixel cloud (PIXC), class 4, over the Rhine River with corresponding water profile.


