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Background: Cal/Val observations for S3 and S6_MF

BC_005 remaining issues: Geographical dependencies

= Binned maps (2° x 2°) of asc - dsc differences of mean SARM - PLRM range differences

BC_005

Meridional wind

o =

* High values appear in regions with strong along track winds (Eastern Boundary of all Ocean Basins)
* To be corrected in future BC @
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SSHA HR — LR, Asc — Des

HR - LR SSHA difference - Ascending

HR - LR SSHA difference - Descending

HR - LR SSHA difference —

Geographical distribution of
Ascending - Descending

SSHA biases between asc.
and des. orbits for HR data
are correlated with
meridional winds patterns.

From Raynal et al. [2019]
then Nencioli et al. [2023]

>

From Egido et al. [2022]

This bias is now well understood. It results from a Doppler shift caused by the cross-correlation

between wave orbital velocity and wave slopes, appearing as an apparent horizontal wave motion

that affects the SAR data.




Study Objectives

» EUMETSAT statement of work:

“ COPAS work-package WP 2.10 is initiated as response to the recommendation
expressed by the altimetry user community at the 8th S3VT meeting during the
wrap-up altimetry session (EUMETSAT, 2023):

"REC: Further investigate and correct geographical Sea Surface Height
inconsistencies between PLRM and SAR due to directional wind and waves"

The recommendation will be implemented evolving the sea state bias (SSB)
model in SAR mode for correcting the residual sea state dependency between
SAR and PLRM sea surface heights (SSH). “
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> Dataset
> Standard 2D SSB model
» Complementary ASSB model

ASSB = SAR_(range + 2D SSB) — PLRM_(range + 2D SSB)
» Total SAR SSB

Total SSB = 2D SSB (SWH, WS) + ASSB (?)

» Validation and performance evaluation results
» Conclusions and way forward



» Preliminary BCOO6 Test Dataset (mid-2020 to mid-2022) from
EUMETSAT, used for SSB calibration and validation of updates

» Use of ECMWF wind components from EUMETSAT marine L2
products to characterize wind directional effects (imposed constraint)

» SWH corresponds to the corrected SAR version with the NOAA LUT
applied

» Wind speed is computed using Abdalla’s algorithm based solely on
SAR sigma0
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SAR_SWH (m)

SWH comparison

(MODEL, SAR, PLRM) SWH
S3A; Cycles 59 - 86
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nbr mean median max std
MODEL SWH 3.353e+07 0 2.683 2.354 14.63 1.394
SAR_SWH 3.353e+07 -0.023 2:.573 2.228 17.83 1.373
PLRM_SWH 3.353e+07 0.181 2.587 2.264 18.78 1.385
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SAR_SWH (y) vs MODEL_SWH (x)
S3A, Cycles 59 & 86
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SWH (m)

(m)

PLRM_SWH
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PLRM_SWH (y) vs MODEL_SWH (x)
S3A, Cycles 59 & 86
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S3A - d_swh_all_pass
(MEAN in SI*100); Cycles 59-86

nbr: 4.07e+04 min: -81.3 mean: -1.18 median: -1.603 max: 304 std:
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Estimations in good agreement
SAR & PLRM overestimate under high waves

PLRM ~3—4 cm higher than SAR in tropics ...
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Wind Speed comparison

o S3A-d s alpass
thed (MEAN in SI*1); Cycles 59-86
nbr min mean median max std . .
MODEL_WS 3.378e+07 0 7.792 7.42 31.62 3.508 nbr: 4.07e+04 min: -5.42 mean: -0.0199 median: -0.016 max: 4.62 std: 0.1593
SAR"WS 3.378e+07 0.75 7.897 7.41 28.37 3.45
PLRM_WS 3.378e+07 0.75 7.942 7.45 28.44 3.495 !
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¥ » good overall agreement
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£ £ » Latitude-dependent differences observed
:- > PLRM ~0.2 m/s higher than SAR between 60°S
: o ace
: and 30°S CLS
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S3A SAR 2D SSB models

SAR_2D_SSB_2025 from BCO06
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SAR_2D SSB 2020 in BCOO5
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S3A 2D SSB model differences

(SAR_2025 — SAR_2020) SSB

SSB DIFFERENCE [m)]
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» They’re close. The differences are mostly
within 1 cm across the 2D domain.

(SAR_2025 — PLRM_2020) SSB
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» The differences go up to around 5 cm, with
PLRM values generally higher than SAR in
magnitude. These differences mainly  ace
depend on SWH. CLS
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Which regression variable is the more appropriate for ASSB modeling?

S3A - SARM/PLRM (range+SSB) differences, (ASC-DSC) maps (MEAN in cm)
Cycles 59 to 86

S3A - Wind V-component differences, (ASC-DSC) maps (MEAN in m/s)
Cycles 59 to 86
nbr: 4.012e+04  min: -17.79  mean: 0.05626  median: 0.05604 max: 156 std: 0.6934
S3A - Along-track Wind projection, (ASC-DSC) maps (MEAN in m/s)
Cycles 59 to 86

mean: -0.009823  median: -0.01211  max: 14.88 std: 1399
nbr: 4.013e+04 min: -17.94 mean: 01619 median: -0.2179 max: 18.44 std:

nbr: 4.013e+04  min: -18.91
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S3A - Azimuth angles differences, (ASC-DSC) maps (MEAN in degree)
Cycles 59 to 86
-3.441 max:  339.2 std: 1075

2322 median:

S3A - Wind Direction differences, (ASC-DSC) maps (MEAN in degree)
Cycles 59 to 86

nbr: 4.013e+04  min: -287.2 mean:

2521

> The main driver is the wind

vector projected onto the
satellite track (W_PROJ_AT).

nbr:4.013e404  min: -311.3  mean: -0.5647  median: -0.1915 max: 332.9 std:
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S3A SAR (BC006)

SAR SWH (m)
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SAR ASSB 2D models

DSSB (bin-averaging) fi
s

2025 version
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Az angle in ]90, 270[°

including the upwind

situation == 180° (—+«)  the crosswind
situations (1—)

Az angle < 90° or > 270°
including the downwind
situation ==0° (——)

» The model is developed with the Feng et al [2010]’s approach (spline-based non-parametric

estimation).

>  The final LUT contains (-ASSB) to respect the chosen convention : total SSB = standard SSB + ASSB éffé

-DSSB (cm)



SAR SSB models comparison

Mean of SSB2D_2025 - SSB2D_2020_TDS

Mission s3a, cycles 59 to 86, min = -0.59, max = 0.08, mean = -0.26, med = -0.25, std = 0.14
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Mean of SSB_TOT_2025 - SSB2D_2020
Mission s3a, cycles 59 to 86, min = -1.46, max = 0.08, mean = -0.79, med = -0.85, std = 0.26
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The geographical patterns
in the two maps of
average differences are
not identical, highlighting
the significant influence
of the ASSB component
on the overall SSB update.
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nbr. 4.07e+04

S3A - d_range_all_pass
(MEAN in S1*100); Cycles 59-86

min; -19.12 mean: -0.9273

median: -0.8952 max: 9.023

std: 0.4589
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S3A - d_range, (ASC-DSC) maps

(MEAN in SI*100); Cycles 59-86

nbr: 4.006e+04 min: -17.21 mean: 0.06769 median: 0.06335 max: 13.44 std: 0.6632

120°E 180° 120°wW

S3A - d_rangeNewSSBCorr_all_pass
(MEAN in 51¥100); Cycles 59-86

nbr: 4.07e+04 min: -15.94 mean: -0.1098 median: -0.09699 max:  11.

24 std: 0.4519
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100 075 ~0.50 025 000 025 030 075 100
(d rangeNewSSBCorr all pass * 100)
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S3A - d_rangeNewSSBCorr, (ASC-DSC) maps
(MEAN in SI*100); Cycles 59-86
nbr: 4.006e+04 min: -17.29 mean: 0.03107 median: 0.04678 max: 143 std: 0.5773

The total SSB correction
removes most patterns,
but some inconsistencies

persist in the Southern
Ocean.
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Difference of variances (cm~2)

Crossover dataset

SSH Xovers : VAR(SSH with SSB2D_2025) - VAR(SSH with SSB2D_2020_TDS) SSH Xovers : VAR(SSH with SSB_TOT_ZOZS) - VAR(SSH with SSBZD_ZOZO)
Mission s3a, cycles 59 to 86

Mission s3a, cycles 59 to 86
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T T T T T T
Mean = -0,09558

T T T T T LI I T T 60 65 70 75 80 85
StdDev = 0.05289 —T T

— T T T LN I S
Q2 =r— ean = 0.5678 - StdDev = 0.2255

» The new SSB corrections,
-0.09 cm?2 whether using the 2D SSB or
the total SSB, introduce a
clear reduction in variance,

Difference of variances (cm~2)

VAR(SSH with SSB2D_2025) - VAR(SSH with SSB2D_2020_TDS)

issi in = - = 7.67, =-0.08, =-0.05, std = 0. 1 1 issi 5 , min = -21.87, = 9.44, =-0.47, =-0.41,std = 1.
M|55|on53a,cyclessistoaﬁ.mm— 11A82.maxn 7.67, mean = -0.08 mejd 0.05, std = 0.75 . demonstratlng Improved Mission s3a, cyclessztoaﬁ min = -21.87, max = 9.44, mean = -0.47, med = -0.41, std = 1.50

VAR(SSH with SSB_TOT_2025) - VAR(SSH with SSB2D_2020)
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precision in Sentinel-3A SAR
SLA data.
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Difference of variances (cm~2)

SLA dataset

VAR(SLA with SSB2D_2025) - VAR(SLA with SSB2D_2020_TDS) VAR(SLA with SSB_TOT_2025) - VAR(SLA with SSB2D_2020)

Mission s3a, cycles 59 to 86 Mission s3a, cycles 59 to 86

60 65 70 75 80 85 60 65 70 75 80 85
02— — T T
[T Mean = ‘0.3b16 E T Mean=0.7155

Difference of variances (cm~2)

-0.3cm?

-0.8

un
o

» Same observation as on the

VAR(SLA with SSB2D_2025) - VAR(SLA with SSB2D_2020_TDS) p reV| O u S S I |d e . VAR(SLA with SSB_TOT_2025) - VAR(SLA with SSB2D_2020)

Mission s3a, cycles 59 to 86, min = -20.29, max = 21.83, mean = -0.05, med = -0.08, std = 0.90 Mission s3a, cycles 59 to 86, min = -21.11, max = 84.07, mean = -0.29, med = -0.30, std = 1.79
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Conclusion

» New 2D SSB correction
Similar to the 2020 version used in BCOO5, with differences mostly between —0.9 cm

and +0.3 cm. Slight improvement in Sentinel-3A SSH precision.

» QASSB correction
Significantly reduces wind-directional effects in SAR BCO06 data. Improves geographical

consistency between SAR and PLRM SSH.

» Total SAR SSB correction
Will replace standard SAR 2D SSB correction in the upcoming Marine Baseline Collection

006 for Sentinel-3.

» Remaining inconsistency
A new discrepancy between SAR and PLRM data is observed, mainly in southern high

latitudes. Further investigation is needed to understand this feature. A possible link with
orbital height rate was suggested.
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Way forward

» Recommendation to compute such additional ASSB correction also for
Sentinel-6 SAR dataset.

» Recommendation to develop SAR SSB model independently from the PLRM or
LRM data to avoid assimilation of imperfections coming from the other dataset.
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