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Building on recent studies highlighting pulse-to-pulse correlation effects on LR
parameter estimation234 the Agencies implemented a dedicated Sentinel-6B Cal/Val
activity to assess and validate these mono-mission findings by operating two identical
altimeters in tandem at different Pulse Repetition Frequencies (PRF): S6 MF at 9kHz
(nominal HR) and S6B at 2kHz (Jason-class, ensuring pulse independence) during cycle 7

In practice, the low S6B PRF is emulated in-flight by selecting one pulse out of four,
corresponding to an effective PRF of 2.25kHz

This study assesses the differences between estimates derived from S6 LR mean
waveforms generated at 9kHz and 2.25kHz by two altimeters observing the same sea
surfaces 30s apart, and compares these results with those from the Jason-3 and S6 MF
systems flying in tandem

(1) Egido and Smith, “Pulse-to-pulse correlation in high PRF low-resolution mode altimeters,” IEEE Trans. Geosci. Remote Sens., vol. 57, no. 5, pp. 2610-2617, May 2019
(2) Recchia et al. (2024). Utilizing the Sentinel-6 Michael Freilich Equivalent Number of Looks for Sea State Applications. Remote Sensing, 16(11), 1866
(3) Dinardo et al. (2024). Sentinel-6 MF Poseidon-4 radar altimeter: Main scientific results from S6PP LRM and UF-SAR chains in the first year of the mission. Advances in Space Research, 73(1), 337-375.

(4) Mangilli et al., “Optimal Estimation of the Geophysical Parameters Over Ocean for the Sentinel-6MF Reference Mission," in IEEE Trans. Geosci. Remote Sens., vol. 63, pp. 1-25, 2025
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O Chronogram of emitted pulses (PRF) for the different altimeter configurations :

Tms
T T T T > {

I1 S6B & S6MF : 9 KHz
| S6B Decimation (Cycle 7) : 2.25 KHz
I Jason3: 2KHz

O Chronology of Sentinel 6B Mission :
14-01-2026 24-01-2026

14:35:38 12:34:09
4 4
| |
ce C004 C005 C006 . C007 . C008 C009 °ee
| |
¢ ¢
2925/1 2/.1 5@ 22:03 "Entire" Cycle 7 acquired with 2.25 kHz PRF
Final orbit change From Cycle 6 pass 254 to Cycle 7 pass 253

Sentinel-6B on S6MF orbit on C004 P001
(Cycle 188 S6MF) 4
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 Analysis of the 2.25kHz PRF impacto
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O Higher noise level using the 2.25kHZ compared with
9kHz as expected
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SWH Data
Cycles chosen:

— S6-MF : Cycle 191
S6-B: Cycle 7

— S6-MF : Cycle 193
S6-B: Cycle 9

Difference on the

PRF change (trend)
2m ~5mm
6m ~1cm
8m ~2.5cm

S6 MF SWH - 56 B SWH (m)

= OSTST 2026
CL S cnes Difference on SWH Data LR NR
- nbr min mean median max std
9 KHz - 2.25 KHz (S6MF - S6B) 40 -0.1722 -0.01844 -0.0113 0.002775 0.02847
9 KHz - 9 KHz (S6MF - SEB) 40 -0.1321 -0.005829 -0.0008575 0.01763 0.02418
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Parameter Analysis(Orbit - Range - MSS) -
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Orbit - Range - MSS Data CLS cnés Difference on Orbit-Range-MSS Data LR NR
Cycles chosen: - nbr min mean median max std
_ 9 KHz - 2.25 KHz (S6MF - 56B) 40 -0.001457 0.002192 0.001463 0.01359 0.002389
S6-MF : Cycle 191 _ 9 KHz - 9 KHz (S6MF - S6B) 40 -0.006358 0.001476 0.001292 0.01393 0.002805
S6-B : Cycle 7 £
_ ) n ! ! ! ! ! ; ' ' '
S6-MF : Cycle 193 n | | 5 | | — 9 KHz - 2.25 KHz (S6MF - S6B)
S6-B : Cvcle 9 = 01254 -
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p=d i : | | | | | | |
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Deviation value of -6.02 dB on the
mean due to the reduced number
of pulses on the 2.25kHz (after
decimation by a factor of 4)

Impact on different parameters:
= Sea State Bias

= |onospheric Correction
= SSHA

% of points

OSTST 2026

A2 g - -

CLS ces Histogram Sigma0

R nbr min mean median max std
Cycle 7 5.103e+05 -0.2077 5.908 5.908 7.904 0.1065
Cycle 9 5.116e+05 -1.511 -0.1048 -0.1042 1.178 0.08272

| Cycle 7
. —— Cycle 9 ’ |

Sigma 0 [dB]



SSB Data
Cycles chosen:

— S6-MF : Cycle 191
S6-B: Cycle 7

— S6-MF : Cycle 193
S6-B: Cycle 9

Q Calculation of the SEA
STATE BIAS:

O After 2.25kHz Sigma0
alignement on 9kH

O Wind speed calculation
( Collard and al.)

0 SSB calculation via
table and splinef2d
method

SWH Difference on the

PRF change ( trend)

2m ~0.1mm

6m ~+0.2mm

8m ~ 0.2 mm ( trend)

S6-MF SSB - S6-B SSB (m)

1.0 4-

0.5

0.0

=1.0 4

EATLEA ST

9 KHz - 2.25 KHz (S6MF - S6B)
9 KHz - 9 KHz (S6MF - S6B)

Difference on Sea State Bias Data
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nbr min mean median max std
40 -0.001421 -0.0001987 -0.0004244 0.0012660.0008453
40 -0.001401 -0.0002213 -0.0003193 0.0011820.0008181
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—— 9 KHz -9 KHz (S6MF - S6B)
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SWH Model (m)
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lonospheric Correction Data
Cycles chosen:
ece ¢

B Tuges BT

— S6-MF : Cycle 191
S6-B: Cycle 7

— S6-MF : Cycle 193

9 KHz - 2.25 KHz (S6MF - 56B)
9 KHz - 9 KHz (S6MF - S6B)

Correction)
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Difference on lonospheric Correction

nbr min mean median max std
40 -0.01529 -0.006433 -0.005809 -0.005221 0.001664
40 -0.009003 -0.005544 -0.005537 -0.003782 0.0008029

S6-B: Cycle 9
—0.004 1
O Calculation of the lonospheric R
Correction : £
o
Ionocy, = 8f * [(Rangey, + SSBy,) — (Rangec + SSBo)]] 2 %]
fc* 3 , , , , , , , , ,
fxu = 13,575 GHz (value for S6 MF applied for S6 B) E | | | . | | | | |
fc = 5,41 GHz (value for S6 MF applied for S6 B) 0012 [
Difference on the 2 | | | | | | | | ’
PRF ch H0M g —— 9 KHz - 2.25 KHz (S6MF - S6B) |
change I | —— 9 KHz - 9 KHz (S6MF - S6B)
2m  ~0mm ; ; ; ; ; i ; ; ;
SWH Model (m)
6m ~0.5mm
8m <1mm (trend) 10




SSHA Data
Cycles chosen:

— S6-MF : Cycle 191
S6-B: Cycle 7

— S6-MF : Cycle 193
S6-B: Cycle 9

SSHA Results :

=> Main impact result from the orbit -
range — mss parameter

Comparison to Jason3 vs S6-MF:

* Impact on the wave dependency
A\ Jason 3 is in MLE4 and possibly
does not manage the negative SWH
values as for S6

SWH Difference on the

PRF change (trend)

2m ~0mm

6m ~4 mm

8m ~6 mm

S6 MF SSHA - S6 B SSHA (m)
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Difference on SSHA Correction

EATLEe Tk A

min mean median max std
40 0.0004028 0.006598 0.006451 0.01149 0.002507
40 -0.004714 0.004997 0.005895 0.01403 0.002809

nbr
9 KHz - 2.25 KHz (S6MF - S6B)
9 KHz - 9 KHz (S6MF - S6B)
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No main regional impact on the data.
Slightly higher bias on Cycle 7 on high wave conditions.

Difference of SSHA between S6 MF (Cycle 191 freq 9KHz) and $6 B 56 MF (Cycle 7 freq 2.25 KHz) Difference of SSHA between S6-MF(Cycle 193 freq 9KHz) and S6-B(Cycle 9 freq 9 KHz)

nbr: 8940 min: -0.07638 mean: 0.005131 median: 0.005314 max: 0.3676 std: 0.008345 nbr- 8923 min: -0.09223 mean: 0.004833 median: 0.005407 max: 0.9053 std: 0.01197

~0.02 —0.01 0.00 0.01 0.02 0.03 ~0.02 —0.01 0.00 0.01 0.02 0.03
SSHA_6DB (m) SSHA (m)
~] A 7 _.‘._
T T o T T
-0.02 —0.01 000 001 0.02 003 -0.02 -n.01 000 001 0.02 003



- e s v /

Decimation comparison’
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S6 LRM: Delta SSH vs SWH

0.2
—— 4.5k -9k
: : A —e— 2,25k -9k
U Impact of the PRF change via pulse decimation: o1 & 15k ok
2.25 KHz - 9KHZ 1.8 KHz - 9KHz
2 m SWH ~-0,1mm ~-0,4mm £ 007
6 m SWH ~-1mm ~-2mm T
v 0.1 1
8m SWH ~-0,4mm ~-4mm g
8
—0.2 -
O Millimetric impact with an important change of
the PRF o
O A doubt on the relevance of choosing this
decimation by a factor of 4 to clearly assess the o
pulse-to-pulse impact on parameter estimates ) 1 > 3 a 5 6 7 8

SWH 9kHz(m)

Credit: Gassot and al., 2025 (CLS /CNES internal
communication)
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O The 9kHz PRF is required for SAR altimeter processing. It also enables LR data measurements

with improved performance compared with the classical 2 kHz (or 2.25 kHz), which therefore
justifies its use for generating LR data

O Only one cycle was used for this study, which explains the difficulty in obtaining accurate bias
estimates between altimeter configurations. However, this study made it possible to identify a clear
trend, consistent with what was observed in previous mono-mission analyses

Problem of the decimation:

O There is a small but noticeable SSH bias between S6 MF at 9kHz and S6B at 2.25kHz, with an
amplitude lower than the bias observed relative to J3 at 2kHz

L This result is consistent with mono-mission analyses showing a minor range bias between 9kHz
and 2.25kHz, and a larger bias when comparing 9kHz and 2kHz

O Although this result confirms trends reported in previous studies, applying a stronger decimation
would have enhanced the bias contrast, but at the expense of increased noise, potentially reducing
the statistical robustness of the analysis

O To ensure high accuracy sea-level measurements, this highlights the need for a dedicated
processing technique that accounts for pulse correlation (Mangilli et al., next talk), while
maintaining the high S6 PRF (9kHz) essential for HR

14
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