
• Sentinel-6 processing involved FFSAR to achieve fine along-track radargram
resolution. A dedicated retracker was applied to estimate water height.
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Fig.1: Water surface occurrence map 2017-2020 (left). Water surface height 
(EGM08) from PIXC class 4 over Der Lake (right).
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Lake Water Height Results

• WSH from different missions: same tendency with small shift between the
series and different temporal granulometry (Fig.3).

• Water surface heights from SWOT PIXC class 4 and LakeSP data, with outliers
removed.

• Der Main Basin : SWOT height variation ≈ 8 m; RMSE vs in-situ: std = 0.09 m, σ
= 0.30 m, bias ≈ 20 cm.

Reference: Quellec M and Cretaux J-F (2019), Lake Storage Variations Algorithms Update, SWOT meeting, Bordeaux, 18-06-2019.

Acknowledgements : Thanks to the CNES team for their constant support, especially to Nicolas, Roger and Claire.
Thanks to P. Riboust, S. Brauxbreton and S. Dupont from EPTB Seine Grands Lacs for providing rich in situ data.

5 Km

Satellite and In situ Data

• Sentinel-2 for lake water extent time serie.

• Sentinel-6 (FFSAR) for surface water height (WSH) time series over the main
basin.

• IceSAT-2 for WSH time series over each basin with only few available date
between 2023 and 2024 (Fig.3).

• SWOT L2 High-Rate (HR) Lake products : PIXC and LakeSP Prior (PGC0 and
PIC0, Science Orbit) from July 2023 to October 2024. The observed LakeSP
water surface areas are incomplete because the lake is not fully located
within the SWOT’s swath (polygon in grey, Fig.1 ).

• In situ water levels and volumes provided by Seine Grands Lacs.

Fig. 3: Monitoring of water surface height (WGS8) over Der Lake based different 
altimetry missions

Fig. 2: Water surface time series from Sentinel-2 – Der Lake the period 2022-2024
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Volume Change Results

• Volume variation estimations by combination of water surface and height
assuming that the change in volume can be approximated by that of a
truncated pyramid (1). (Quellec and Cretaux, 2019)

• Coherent results compared to in situ volume changes and well represented
seasonal cycle.

• SWOT PIXC/S2 volume variations more accurate than with SWOT LakeSP/S2.
• SWOT S6/S2 volume variations more accurate than with SWOT PIXC/S2.
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Context & Objectives

• Key roles of reservoirs: regulate water for flood
control, supply, energy, and recreational area.

• Focus on Der lake (48 km² subdivided in 3
basins), key reservoir in the Seine flood
management system.

• Assess satellite altimetry for tracking and
monitoring surface area, water level and volume
changes; validation based on in situ data.

• Explore multi-sensors synergy.

Fig.4: Volume 
variations analysis

A: using Sentinel-2 
areas and SWOT PIXC 
and LakeSP heights.

B: using Sentinel-2 
areas and Sentinel-6 
heights.

Temporal granularity
depending on 
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Lake Water Extent Results

• Extraction of water extent using ExtractEO tool, developed by SERTIT,
processing over 240 Sentinel-2 image (31UFP) showing an interannual
seasonal cycle, with more differences in the drawdown periods.

• Sentinel-6 very consistent with in situ but presenting 60 cm bias.

• Very good results after bias removed: RMSE = 0.02 m, σ = 0.03 m.

• S6 + FFSAR: great improvement compared to Jason-3 (RMSE = 0.36 m).

• Fine-scale height variations captured by S6 during summer 2024, linked to
tight water regulation ahead of the Paris Olympics—only detectable thanks
to its 10-day revisit.

• ICESat-2 height are coherent with SWOT PIXC and LakeSP data.
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Conclusion-perspectives

• Multi-sensors exploitation demonstrate strong complementarity for
monitoring water height, surface and volume variations in medium-sized
reservoirs.

• Sentinel-6 provides superior temporal resolution; SWOT offers high spatial
detail.

• Next: Exploitation of SWOT Nadir, volume change estimation based on
SWOT Nadir/S2, SWOT Nadir/In situ Bathymetry, S6/in situ Bathymetry ...


