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1. Sentinel-6 LRM and SAR 20 Hz Sea Level Anomalies in the Northwestern Mediterranean Sea

Product: Sentinel-6 Level 2 Geophysical Data Record (GDR) products F09 baseline, to benefit from the most recent algorithms

Period: one year of data, from cycle 122 (03/2024) to cycle 160 (03/2025)

Geophysical parameter: Sea Level Anomalies (SLA) estimates at 20 Hz from LRM and SAR modes based on the Numerical
Retracker, expected to be more efficient in the coastal domain (noted LRM NR and SAR NR), and LRM SLA based on the MLE4
retracker, the historic standard for the open ocean (noted LRM MLE4).

Editing applied on the SLA variables, before computing the statistics:

• 1-m threshold on SLA,

• SWH between -1 m and 15 m,

• maximum difference of 0.17m between two consecutive SLA estimates along the track,

• 4-sigma editing, with sigma the standard deviation of the SLA.

Statistics: Along-track noise defined as the standard deviation of the differences in SLA between two consecutive 20Hz points.

3. What comes next?

Figure 1: (top) Along-track noise of S6 20 Hz SLA as a function

of the distance to the coast. (bottom) Number of valid S6 20 Hz 

SLA data as a function of the distance to the coast.

Figure 3: LRM NR (red) and SAR NR (blue) Sentinel-6 SLA filtered along the 

track 44 for cycle 129 (11/05/2024). Each line corresponds to a filtering window. 

The darker the colors, the smoother the data.

Figure 2 : LRM NR and SAR NR SLA: (a) along track noise, (b) standard deviation, (c) mean. (d) Histogram of differences between mean LRM NR and SAR NR SLA.

Figure 6: Total surface current from a Symphonie simulation on the 29/07/2023 (a), SWOT L3 v2.0.1 absolute geostrophic current on the 29/07/2023 (b), Sentinel-6 LRM 

geostrophic current anomalies from X-TRACK coastal processing on the 19-20/07/2023 (c) and the 07-09/08/2023 (d). The trajectory of the drifter stuck in the Capraia

eddy is showed with black dots on each map.

The 30-year record of satellite radar altimetry observations is an outstanding tool to better understand ocean dynamics processes and changes in the sea level.
From Topex/Poseidon (1992) to Jason-3 (2020), the reference satellite nadir altimetry missions were operated with conventional altimeters in Low Resolution

Mode (LRM), i.e. measuring sea surface height (SSH) estimates averaged within a circular footprint of a few kilometers of diameter. This technique is known to encounter
issues in coastal environments, due to land contamination in the radar signal. The SAR (Synthetic Aperture Radar) altimetry technique, operated on CryoSat-2 since 2010,
Sentinel-3 since 2016 and Sentinel-6-MF since 2020, provides SSH measurements with the same cross-track resolution but much higher along-track resolution (about 300 m),
thus strongly reducing the noise in the along-track SSH estimates.

Sentinel-6-MF, which took over Jason-3 on the reference orbit, is operated in interleaved LRM and SAR modes. It offers the unique opportunity to directly compare simultaneous measurements
in both modes, and thus better understand the content of LRM observations and possibly better extract the geophysical signals in the 30-year archive of LRM data, particularly in the coastal
domain. In this work, we explore and quantify the differences between Sentinel-6 LRM and SAR data in the North-Western Mediterranean Sea, at different temporal and spatial scales, with a
specific focus on the coastal zone. We will take advantage of the wealth of data available in the region (e.g. in situ observations, model simulations and the new SWOT altimetry mission) to
analyze specific events and better understand the physical content and the limitations of the SAR and LRM nadir altimetry observations in this region.
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→SAR NR noise (~4 cm) two times lower than LRM noise (~8.5 cm)
(Fig. 1 and Fig. 2a).

→Noise increase at 5 km from the coast for SAR NR and 7 km for
LRM NR and LRM MLE4 (Fig. 1).

→LRM NR and LRM MLE4 retrackers behave similarly up to about 5
km from the coast. Noise in LRM MLE4 artificially drops due to a
drop in the number of coastal valid data (Fig. 1 and Fig. 2a).

→Lower noise results in less variability (~1.5 cm) along the track in
the SAR NR data compared to LRM NR (Fig. 2b)

→Mean bias of about 0.5 cm between SAR NR and LRM NR 20 Hz
SLA over the region (SAR SLA slightly larger than LRM SLA, Fig.
2c and Fig. 2d), possibly due to the SAR Sea State Bias
correction.

2. Can filtering reconcile SAR and LRM SLAs?

Figure 5: Mean of across-

track geostrophic current 

anomalies derived from 

LRM NR (left) and SAR NR 

(right) SLA.

What impact on the geostrophic currents?

LRM and SAR along track resolutions differ and both techniques sample the
geophysical signals differently. Can along-track filtering reduce the differences
and enable seamless combination between the two techniques?

Lowess filter applied to the along-track SLA, for a range of filtering windows

→34 tests from 5 points (1.75 km) to 300 points (105 km).

→Even filtering over 100 km does not completely reconcile LRM NR and SAR
NR SLAs, with local spread (generally near the coast) of the order of 1-2 cm.

→ Some non-negligible
differences in mean
velocity (locally several
cm/s) and in many
coastal features (e.g.,
close to Ibiza and
Sardinia Islands).

Figure 4: Standard deviation (left) and mean (right) 

of differences of Sentinel-6 20 Hz SLA (LRM NR –

SAR NR) filtered over 300 points (~ 100 km)
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We plan to further investigate the differences between SAR
and LRM measurements, and explore the potential of SAR by
focusing on specific events. However, the main limitation today
is that the Sentinel-6 F09 and G01 baselines cover a limited
period (since 03/2024), and we need to wait for the full
homogeneous reprocessing of the mission (underway).

For example, we plan to focus on the seasonal anticyclonic
eddy that appears in summer around the island of Capraia.
From July to September 2023, this eddy was sampled with
various datasets (Fig. 6), including SWOT observations,
Sentinel-6 1Hz SLA processed with the X-TRACK coastal
approach, and a drifting buoy that was stuck in the eddy for a
month. We also plan to use a Symphonie simulation with daily
outputs at 2-km over the whole domain.
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