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External Calibration Cross-Validation of Sentinel-6B a
Sentinel-6 Michael Freilich During the Tandem Phase
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Calibration Sites

Montsec range, Catalonia (Pre-Pyrenees)

Operational Sentinel-6 ground-processing calibration site
Operational since installation in April 16th 2021
First S6 pass properly measured in September 25th 2021.
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Calibration Sites

Montsec range, Catalonia (Pre-Pyrenees)

Operational Sentinel-6 ground-processing calibration site
Operational since installation in April 16th 2021

First S6 pass properly measured in September 25th 2021.
Low incidence from weather perturbations so far.

Permanent GNSS station operative since Summer 2023.
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Calibration Sites

Sentinel-6

e ol
Montsec range, Catalonia (Pre-Pyrenees) Orbit Path

Operational Sentinel-6 ground-processing calibration site

Orbit Path

Operational since installation in April 16th 2021

First S6 pass properly measured in September 25th 2021. _
Laser Ranging
Low incidence from weather perturbations so far.
Permanent GNSS station operative since Summer 2023.

Installation of Laser Ranging beginning 2027.
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Calibration Sites

Montsec

Montsec range, Catalonia (Pre-Pyrenees)
Operational Sentinel-6 ground-processing calibration site

Operational since installation in April 16th 2021

First S6 pass properly measured in September 25th 2021.

Low incidence from weather perturbations so far.
Permanent GNSS station operative since Summer 2023.
Installation of Laser Ranging beginning 2027.

Reference and Interleaved S6 orbit coverage.

S6 Reference orbit

S6 Interleaved orbit
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Calibration Sites

Cerdanya

Cerdanya valley, eastern Pyrenees
Same design as Montsec
Range bias referenced to GNSS-surveyed position

Corner and permanent GNSS installed in July 2025. BT ad : Sag
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Tandem phase: Sentinel-6B flies a few seconds behind S6-MF on the same reference orbit — near-simultaneous overpasses.
Tandem window analysed — Montsec: 2025-12-30 — 2026-04-28 ; Cerdanya: 2026-01-07 — 2026-05-06. Parameters/pass: range bias, datation, sigmaO/RCS,

PTR (resolution, PSLR).
6 isardSAT
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Range bias — tandem cross-validation
Range bias (GNSS) - S6-MF only
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Range-bias agreement S6-MF-S6B: Montsec |A| = 0.46 cm, Cerdanya |A| = 0.51 cm — both < 0.5 cm.
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Range bias — tandem cross-validation
Range bias (GNSS) - S6-MF + Sentinel-6B
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AR =5 mm
(S6MF - S6B)

Range-bias agreement S6-MF-S6B: Montsec |A| = 0.46 cm, Cerdanya |A| = 0.51 cm — both < 0.5 cm.
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Datation bias — tandem cross-validation
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S6-MF only
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Datation bias — tandem cross-validation
Datation bias - S6-MF + Sentinel-6B
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Datation biases track each other to ~0.3 us at Montsec and ~1.9 us at Cerdanya — within the expected timing uncertainty.
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Sigmal / RCS — tandem cross-validation
Sigma0 /RCS - S6-MF only
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Sigmal / RCS — tandem cross-validation
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Sigma0 /RCS - S6-MF + Sentinel-6B
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Montsec S6B: 1=54.02, #=0.51
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Sigma0 matches between the two altimeters to <0.1 dB at both sites, consistent with the theoretical corner-reflector RCS
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PTR across-track resolution

PTR across-track resolution
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PTR across-track resolution

PTR across-track resolution

S6-MF + Sentinel-6B
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The across-track impulse-response width is essentially identical between missions (|JA] = 0.002 m)
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PSLR left - across-track

PSLR across-track - S6-MF only

= = Montsec SBMF: 1=12.88, +=0.54
= = Cerdanya S6MF: ;=13.05, +=0.59
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PSLR left - across-track
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PSLR across-track - S6-MF + Sentinel-6B
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Left across-track side-lobe ratios agree to a few tenths of a dB, indicating a well-matched impulse-response shape
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PSLR right - across-track
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PSLR across-track (right) [dB]
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PSLR across-track (right) - S6-MF only

= = Montsec SBMF: 1=12.80, +=0.79
= = Cerdanya S6MF: 1=13.27, +=0.29

118

116

114

112

110

OSTST 2026

18

iIsardSAT



PSLR right - across-track

PSLR across-track (right) - S6-MF + Sentinel-6B

Montsec S6MF: 1=12.80, +=0.79
Montsec S6B: =12.77, #=0.79
Cerdanya S6MF: =13.27, #=0.29
Cerdanya S6B: ;=13.00, +=0.40
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Right side-lobe ratios are also consistent (JA| < 0.3 dB), both close to the 13.26 dB reference
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Overview

» Preliminary characterisation of Sentinel-6B altimeter
distortions based on science acquisitions over natural
target targets

 Distortions estimation from inspection of raw nadir
echoes acquired over natural targets

» Analysis conducted over Al Jabbul lake (Syria), a highly
specular water body that behaves as an ideal point target

« L1A products generated without enabling complex correction
flags; to quantify the intrinsic instrument distortions

* Instrument operating in RAW mode; reduces phase noise
present in the data

» Sentinel-6MF and Sentinel-6B in tandem configuration
during S6B commissioning phase
« Simultaneous acquisition over the salar

* Cross-validation of the instrument distortions across both
missions

20 iIsardSAT
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Phase and power distortions frow raw echoes

Science echoes (from Al Jabbul lake)

Raw data power Raw data unwrapped phase 3
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Instrument distortions are consistent across missions

Power degradation along the pulse is more
pronounced for Sentinel-6MF mission
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* Uniform water level; backscattered | - — Iheoretical RIR
pulse-compressed echoes are o052 | B —
aligned. 36.054 | ; g

. . . o

* Similar degradation of the avg. range 36,056 o =
impulse response degradation, §
associated to instrument distortions, /36058 |
for both missions S 606! ' s 2 a4 0 1 2 3

© ; Slant range (norm.) [m]
£36.062) 1180 _
g 36.064 | §-13 | —Theoretical RIR
L 36. —S6A
Mission |Across-width [m] Across-PSLR | Across-PSLR [ | -200 §-14 i —3S68
bias (left) [dB] | bias (right) [dB] 36.066 §-15 .
S6MF 0.4206 0.08 0.35 36.068 220 €16
, g7l
36.07 | =
S6B 0.4198 0.02 0.49 | S gl
. | |l -240 2
-40 -20 0 20 40 . -05 0 0.5
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Cross-Validation Summary — tandem period

MONTSEC CR CERDANYA CR

Range bias [cm] 1.52 £ 0.62 1.06 £ 0.55 4 1.71£0.68 1.20+£0.72
Datation bias [us] -0.40+£1.33 -0.70 £ 2.60 0.3 -4.54 + 3.37 -6.47 £ 2.59 1.93
Sigma0 / RCS [dB] 54.13 +0.46 54.02 £ 0.51 0.10 54.11+£0.12 54.19 £ 0.11 0.08

OSTST 2026

Values: mean = std over the tandem period. |A| =|S6-MF — S6B|. Range bias referenced to GNSS-surveyed reflector position; theoretical RCS = 54.9 dB; PSLR reference 13.26 dB.
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Cross-Validation Summary — tandem period

Range bias [cm]

Datation bias [us]

Sigma0 / RCS [dB]

Across-track res. [m]

PSLR left [dB]

PSLR right [dB]

Values: mean = std over the tandem period. |4|

-0.40+1.33

54.13 £ 0.46

0.413

12.64

12.80

1.06 + 0.55

-0.70 £ 2.60

54.02 £ 0.51

0.411

12.37

12.77

0.3

0.10

0.002

0.27

0.03

1.71+£0.68

-4.54 + 3.37

54.11+£0.12

0.414

13.05

13.27
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1.20+0.72

-6.47 +2.59

54.19 £ 0.11

0.414

13.20

13.00

1.93

0.08

0.000

0.15

0.27

0.421

13.18

12.91
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MONTSEC CR CERDANYA CR AL JABBUL SALAR

1.52 £ 0.62

0.420 0.001
13.24 0.06
12.77 0.14

=|S6-MF - S6B|. Range bias referenced to GNSS-surveyed reflector position; theoretical RCS = 54.9 dB; PSLR reference 13.26 dB.
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Conclusions

Two corner-reflector sites (Montsec, Cerdanya) cross-validated during the tandem phase.
Range-bias differences < 0.6 cm (Montsec 0.46 cm, Cerdanya 0.51 cm).

Datation differences <2 us (within expected uncertainty); sigma0 agreement <0.1 dB.
Point Target Response very similar: across-track resolution, PSLR left and right.
Preliminary results from salar aligned with corner PTR.

Sentinel-6B Poseidon-4 external calibration is consistent with S6-MF, supporting transition to operational status
and continuity of the Sentinel-6 reference altimetry record.
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Thanks for your attention!
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https://www.isardsat.cat/en
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