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Delay/Doppler altimetry (also called SAR altimetry) technique has opened a new era for altimetry applications since the launch of the Cryosat-2 mission then followed
by the Sentinel-3A/B and the latest Sentinel-6A missions. It demonstrated significant advantages of this high-resolution (HR) dataset over conventional one in low
resolution (LR) mode in terms of improved measurement errors and finer spatial along-track resolution. But this innovation also raised questions about the different
sensitivities of delay/Doppler measurements to ocean surface characteristics such as waves state, wave motion, surface roughness, currents, etc., when one compares
with conventional data. Changing effects require adaptation of the traditional processing approaches notably to assure a seamless continuity of high-quality in satellite
sea level observations.
In this study, we focused on an issue reported since 2019 about HR/LR range biases between ascending and descending orbits which were found to be correlated with
meridional winds patterns. This was first observed in Sentinel-3 data [Nencioli et al, 2023] but affects also Sentinel-6 measurements. Different studies analyzed this
feature and attributed it to HR data. Those biases have been linked to a wind-waves induced Doppler shift showing up as an apparent horizontal wave motion. The bias
is stronger and with opposite sign for up-wind and down-wind, zero for cross-wind situations, and is significant wave height dependent [Amarouche et al, 2023].
We propose an empirical correction for it in the form of a two-dimensional look-up table (LUT) designed as an additional contribution to the standard sea state bias
(SSB) 2D correction already used to correct range data. We found that the correction is able to eliminate most of the wind direction dependent biases observed between
the two operation modes. Its application can improve the Sentinel-3 marine altimetry data quality over the global ocean. Results indicate the usefulness of this
correction in providing consistent sea level measurements across all nadir altimeter missions.
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Model developed based on S3A data
➢ develop an additional SAR SSB correction (SSB) defined as:

SSB = SAR_(range + 2D SSB) – PLRM_(range + 2D SSB)

➢ total SAR SSB is then :
SAR total SSB = 2D SSB (SWH, WS) + SSB(W_PROJ_AL, SWH)

with:
• SWH: SAR Significant Wave Height
• WS: SAR Wind Speed
• W_PROJ_AL: ECMWF Wind vector PROJection Along the 

Track

Figure 2: Two-dimensional lookup
table for SSB computed with a
spline-based approach [Feng et al,
2010].

Figure 1: Differences of (ascending minus
descending) binned maps of ECMWF wind
projection on the Sentinel-3A tracks based
on 2 years of BC005 data. This variable
(among several ones tested to describe
the wind directional sensitivity) provides
the best correlation with geographical
patterns observed between ascending and
descending maps of range differences.
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Figure 3: Differences of (ascending minus descending) binned maps of (SAR – PLRM) range differences after correcting
respectively (a) both ranges with standard 2D SSB and (b) SAR range for total SSB and PLRM range with standard 2D SSB.
The additional application of the SSB correction in SAR data reduces significantly the geographical inconsistencies
between SAR and PLRM data.

Figure 4: Comparison of histograms from SAR SSB, SAR
standard SSB, and PLRM standard SSB data. SSB values
are rather smaller, only between -1.6 and +1.9 cm. Its
histogram displays a close bell-shape distribution and is
centered around zero.

Figure 5: Map of SAR SLA variance differences at
crossovers using either the total SSB or the standard SSB in
the SLA calculation (cm²). This diagnostic shows an
improvement brought by the updated SSB correction in all
the blue boxes.

Figure 6: Comparison of 1-Hz SAR SLA spectra computed with
either total SSB or standard SSB corrections. The additional
application of the SSB correction does not significantly change
the spectrum. This was expected since this correction is very small
compared to the other ones involved in SLA computation.

➢Application of the SSB term reduces significantly the wind directional
effect on SAR data and therefore the geographical SSH inconsistencies
between SAR and PLRM data.

➢As this effect is also observed on Sentinel-6 SAR data, CLS recommends
computing such additional correction also for Sentinel-6 to improve its
dataset.

➢Another aspect that can be further analyzed is to develop the SAR total SSB
model independently from PLRM/LRM data (i.e. range and SSB) to avoid
assimilation of inconsistencies between these two datasets that can be due
to imperfections coming from the other dataset.
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