
Background photo by Claude Gaillemin ©: 

Storm @ Senetosa lighthouse

during Sentinel-6 MF overflight

(2022/08/07) 

Jason-3 & Sentinel-6 MF calibration
at the Corsica facilities

P. Bonnefond1, O. Laurain2, P. Exertier3, T. Guinle4 and P. Féménias5
1Observatoire de Paris/SYRTE, Paris, France
2OCA/Geoazur, Sophia-Antipolis, France
3GET, Toulouse, France
4CNES, Toulouse, France
5ESA/ESRIN, Frascati, Italy

Abstract
Initially developed for monitoring the performance of TOPEX/Poseidon and follow-on Jason legacy satellite altimeters, the Corsica geodetic facilities that are 

located both at Senetosa Cape and near Ajaccio have been developed to calibrate successive satellite altimeters in an absolute sense. Since 1998, the suc-

cessful calibration process used to calibrate most of the oceanographic satellite altimeter missions has been regularly updated in terms of in situ instruments, 

geodetic measurements and methodologies. In this study, we present an assessment of the long-term stability of the in situ instruments in terms of sea level 

monitoring that include a careful monitoring of the geodetic datum. Based on this 20+ years series of 

sea level measurements, we present a review of the derived absolute Sea Surface Height 

(SSH) biases for the following altimetric missions based on the most recent reprocessing 

of their data: TOPEX/Poseidon and Jason-1/2/3, Envisat and ERS-2, CryoSat-2, 

SARAL/AltiKa and Sentinel-3A&B. For the longest time series the standard error of the 

absolute SSH biases is now at a few millimeters level which is fundamental to main-

tain the high level of confidence that scientists have in the global mean sea level rise.

Launch in November 2020, Sentinel-6 Mickael Freilich flew in tandem with Jason-3 

during its first year of mission. We will present in detail the analysis of this tandem 

phase. Preliminary results show that the absolute SSH bias for both missions are 

very close at the few mm level for the LRM mode and both very close to 0. Impro-

vement thanks to SAR will be also presented: measurements are valid (and 

accurate) up to the coast (few hundred meters); on the whole set of cycles, the 

standard deviation of 20Hz data is improved by a factor close to two: 33 

mm compared to 56 mm with LRM (69 mm for Jason-3).

In preparation of SWOT, an extension of the "geoid" over the Ajaccio 

and Senetosa area has been realised during 2 campaigns in 2021 

and 2022. Prelimininary results arealso presented.

Jason-3 & Sentinel-6 MF during Formation Flight Phase
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Sentinel-6 MF - Jason-3 corrections
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Sentinel-6 MF - Jason-3 parameters
NTC (F06) / GDR-F
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JS3 GDR-F: mean = +7.7 (+3.6) mm, StD = 26.3 (29.7) mm
S6A NTC: mean = +3.8 (+8.4) mm, StD = 26.5 (27.9) mm

Sentinel-6 MF & Jason-3 altimeter calibration
Senetosa pass 85: NTC (F06) & GDR-F
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Side A: -8.8 +/- 4.1 mm
Side A: -9.6 +/- 5.1 mm

Side B: +4.2 +/- 6.4 mm
Side B: +4.1 +/- 6.6 mm

orbit-range:  mean = -3.4 mm, StD = 20.7 mm
bias: mean = -3.9 mm, StD = 23.3 mm

Side A: -1.6 +/- 4.1 mm Side B: +11.4 +/- 9.7 mm

Values in brackets are for the whole time series

While Jason-3 SSH bias is stable over Side 

A and Side B periods (8.0/7.3mm), on 

Sentinel-6 MF the switch between Side A 

and Side B exhibits a 13mm difference 

(-1.6/11.4mm).

Side B range is shorter than Side A by      

 13mm.
Side B being now operational, the 

SSH bias with Jason-3 is 

close to zero (+4.1mm).
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JS3 wet rad. - wet GPS: mean = -3.8 mm / StD = 12.6 mm
S6A wet rad. - wet GPS: mean = -9.5 mm / StD = 11.4 mm

Sentinel-6 MF & Jason-3 wet tropospheric comparisons
Senetosa, pass 085

No significant correction differences between Jason-3 (GDR-F) and Sentinel-6 MF (NTC, F06).
Even SWH and wind speed are in very good agreement (-3cm/+0.1m/s).Compared to Jason-3, Sentinel-6 MF Sigma0 is lower by 1.32dB with no signi-ficant difference between Side A 

and Side B (-1.37/-1.27dB)
-300 -250 -200 -150 -100 -50 0

Wet tropospheric correction from GPS (mm)

-300

-250

-200

-150

-100

-50

0

W
et

 tr
op

os
ph

er
ic

 c
or

re
ct

io
n 

fr
om

 ra
di

om
et

er
 (m

m
)

Jason-3 AMR: correlation 96.9%
Sentinel-6 MF AMR-C: correlation 97.4%
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13 mm between

Side A and Side B

Contribution of HRMR for coastal wet troposhere

Comparisons with GPS:

For Jason-3, the difference is very small 

(-3.8mm). The historic
al drift is very small 

(-0.2 ± 0.7 mm/yr dashed line) but increases 

by included the latest FFP data (-1.0 ± 0.5 

mm/yr plain line) -> need further investiga-

tion.
For Sentinel-6 MF the difference is higher 

(-9.5mm) but the time series is small. However, 

the Standard deviation is smaller 

(11.4mm/12.6mm) indicating an 

improvement.

AMR-only
Wet tropospheric correction in mm (AMR-only radiometer)
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Wet tropospheric correction in mm (AMR+HRMR radiometers)
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AMR-only compared to ARM+HRMRWhen averaging the 1Hz corrections (2 to 4 
points) entering the geoid area (0-20km 
from the GPS) the mean difference with GPS 
is lower with AMR+HRMR (-7.7mm) com-
pared to AMR-only (-12.3mm). The standard 
deviation is however a little higher for 
AMR+HRMR (5.4mm) compared to AMR-on-
ly (4.4mm).

More cycles needed to have more significant statistics...Sentinel-6 MF LR and HR products
LR = LRM (Low Resolution Mode) / HR = SAR (Synthetic Aperture Radar)

Geoid height (m)
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 M4 (Ref. : 23001 ) : 2.2/21.6 mm
 M5 (Ref. : 24002 ) : 4.8/21.6 mm
 M3 (Ref. : 22002 ) : 11.9/21.6 mm
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1hz SSH: 
20hz SSH: 

20hz geoid corrected SSH: 
interpolated Tide Gauge data : 

eliminated data : 

Tide Gauge location : 

PCA point : 

Applied correction
Dry tropospheric correction
Wet tropospheric correction (radiometer)
Ionospheric correction (dual-frequency)
Sea State Bias correction (model 1)
Loading, solid and pole tides

Point of Closest Measurement 
-> Ref: M4

Lat: 41.5533
Lon: 8.79250
Distance: 0.482 (Km)
Time: 13:10:52.03 (UTC)

Point of Closest Approach 
-> Ref: M4

Lat: 41.5570
Lon: 8.79461
Distance: -0.240 (Km)
Time: 13:10:52.10 (UTC)

Along track distance PCM-PCA
0.446 (Km)

Along track distance PCM-Coast
0.422 (Km)

@ 482 m from M4 tide gauge

Standard deviation of 20Hz: ~22 mm compared to ~50 mm in LRM
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Side A (LRM): +3.6 +/- 5.1 mm
Side A (SAR): +5.8 +/- 4.1 mm

Side B (LRM): +12.9 +/- 6.8 mm
Side B (SAR): +14.6 +/- 6.4 mm

S6A SAR: mean = +10.3 (+9.1) mm, StD = 25.4 (25.1) mm
S6A LRM: mean = +8.4 (+8.4) mm, StD = 27.9 (27.9) mm

Sentinel-6 MF altimeter calibration
Senetosa pass 85: NTC (F06) SAR & LRM
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Side A : -5.9 +/- 3.7 mm Side B : -4.8 +/- 2.5 mm
Side A : +2.2 +/- 3.6 mm Side B : +1.7 +/- 2.5 mm

orbit-range:  mean = -5.3 mm, StD = 14.4 mm
bias: mean = +2.0 mm, StD = 14.0 mm

Values in brackets are for the whole time series
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Average of 20 Hz SSH biases (all cycles) within 316 m boxes and with a 316 m step (no overlap)

±10 mm

Close look of altimetry up to the coast

Sentinel-6 MF (NTC, SAR)
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Drop* of ~4 cm

Sentinel-6 MF (NTC, LRM)
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Drop* of ~5 cm

Jason-3 (GDR-F, LRM)

* Already identified in: Bonnefond, P., P. Exertier, O. Laurain, P. Thibaut and F. Mercier (2013) GPS-based sea level 
measurements to help the characterization of land contamination in coastal areas, Advances in Space Research, 
10.1016/j.asr.2012.07.007
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mean=+0.24m/s / StD=0.76m/s

Most of the averaged of 20Hz SSH biases 

in boxes of 316 m are within ±1 cm 

(standard deviation of 8.6 mm).

The drop in LRM due to land contamina-

tion for distance below ~8-10 km disap-

pears in SAR.Comparable drop in LRM for Sentinel-6 

MF and Jason-3 (even if smaller 
for Sentinel-6 MF).

Range differences (orbit-range) between LR 

and HR are small and stable between Side 

A and Side B (-5.9/-4.8mm), LR range 

being shorter than HR. 

SSH biases are even
 smaller and more 

stable (+2.2/+1.7mm) but mainly due to 

a compensation by SSB correction (diffe-

rences for SWH (+15cm) and 

wind speed (+0.24m/s) between 

LR and HR).

Valid (and accurate) measurements up to 
the coast (few hundred meters) allowing 
close comparison with tide gauges.

On the whole set of cycles, the standard 
deviation of SAR 20Hz data is improved 
by ~2: 28 mm compared to 60 mm with 
LRM  (65 mm for Jason-3).

At each overfli
ght a GNSS device is 

deployed if sea state c
onditions are not 

too harsh.

Good correlation with SWH from alti-

meter (~90%) except for S
entinel-6 MF 

LRM (~73%).

On this subset the differences are:

- S6A SAR: +2.3cm (StD = 11.2cm)

- S6A LRM: -1.8cm (StD = 22.8cm)

- JS3 LRM: -3.1cm (Std = 13.7cm)
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Sentinel-6 MF (SAR): correlation 93.7%
Sentinel-6 MF (LRM): correlation 72.8%
Jason-3 (LRM): correlation 92.0%

Sentinel-3A SSH bias analysis over Senetosa and Ajaccio
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S3A SAR:    mean =  +28 mm, StD = 32 mm
S3A PLRM: mean =  +24 mm, StD = 44 mm
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S3A SAR:    mean =  +13 mm, StD = 42 mm
S3A PLRM: mean =  +19 mm, StD = 52 mm
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S3A SAR:    mean =  +20 mm, StD = 29 mm
S3A PLRM: mean =  +22 mm, StD = 37 mm

Ajaccio

Senetosa

Average
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SAR PDGS:  mean = +9.8 mm, StD = 17.6 mm
SAR BC005: mean = -3.7 mm, StD = 19.1 mm

Sentinel-3A altimeter calibration
Senetosa & Ajaccio (mean) pass 741: SAR NTC PDGS - BC005
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) orbit-range:  mean = +6.2 mm, StD = 3.3 mm
bias: mean = +13.5 mm, StD = 5.1 mm
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PLRM PDGS:  mean = +2.2 mm, StD = 32.1 mm
PLRM BC005: mean = +2.1 mm, StD = 29.7 mm

Sentinel-3A altimeter calibration
Senetosa & Ajaccio (mean) pass 741: PLRM NTC PDGS - BC005
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orbit-range:  mean = -0.9 mm, StD = 1.8 mm
bias: mean = +0.1 mm, StD = 4.2 mm

Small differences between Senetosa and 

Ajaccio (SAR: 15mm / PLRM: 5mm) illus-

trating the small impact of local datum for 

each site, even though the standard devia-

tion is higher at Ajaccio.

On average, very small difference (2mm) 

between SAR and PLRM in terms of 

SSH bias but higher standard 

deviation for PLRM.

SRAL/MWR Marine reprocessing (BC005)(only years 2017&2018 for the moment)No major differences in terms of SSH bias for PLRM.
For SAR: 
- range shorter for BC005 by 6.2 mm (Range Walk and Real Zero Masking)- correction differences mainly driven by SSB (-5.7mm) (new SSB model and differences in SWH and wind speed 

(+7cm/0.1m/s))

Geoid height (m)
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 M4 (Ref. : 23001 ) : N/A
 M5 (Ref. : 24002 ) : 16.2/40.8 mm
 M3 (Ref. : 22001 ) : 26.0/40.8 mm
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1hz SSH: 
21hz SSH: 

21hz geoid corrected SSH: 
interpolated Tide Gauge data : 

eliminated data : 

Tide Gauge location : 

PCA point : 

Applied correction
Dry tropospheric correction
Wet tropospheric correction (radiometer)
Ionospheric correction (dual-frequency)
Sea State Bias correction (model 1)
Loading, solid and pole tides

Point of Closest Measurement 
-> Ref: M4

Lat: 41.5366
Lon: 8.69392
Distance: 8.853 (Km)
Time: 20:54:23.96 (UTC)

Point of Closest Approach 
-> Ref: M4

Lat: 41.5361
Lon: 8.69405
Distance: 8.8567 (Km)
Time: 20:54:23.95 (UTC)

Along track distance PCM-PCA
0.058 (Km)

Along track distance PCM-Coast
8.728 (Km)

Geoid height (m)
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20:54:27.70 20:54:27.82 20:54:27.95 20:54:28.07 20:54:28.19 20:54:28.32 20:54:28.44
UTC time (hh:mm:ss) from 2016-09-16
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 M1 (Ref. : 10001 ) : -14.3/23.9 mm

20:54:25.52 20:54:26.86 20:54:28.20 20:54:29.55 20:54:30.89 20:54:32.23 20:54:33.58
UTC time (hh:mm:ss) - Date : 2016-09-16
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1hz SSH: 
21hz SSH: 

21hz geoid corrected SSH: 
interpolated Tide Gauge data : 

eliminated data : 

Tide Gauge location : 

PCA point : 

Applied correction
Dry tropospheric correction
Wet tropospheric correction (radiometer)
Ionospheric correction (dual-frequency)
Sea State Bias correction (model 1)
Loading, solid and pole tides

Point of Closest Measurement 
-> Ref: M1

Lat: 41.8872
Lon: 8.57301
Distance: 16.21 (Km)
Time: 20:54:29.97 (UTC)

Point of Closest Approach 
-> Ref: M1

Lat: 41.8862
Lon: 8.57325
Distance: 16.219 (Km)
Time: 20:54:29.95 (UTC)

Along track distance PCM-PCA
0.106 (Km)

Along track distance PCM-Coast
16.32 (Km) 5s / 37 km

Very good behavior when overflying the 
Sanguinaires islands (few bad data)

Ajaccio

Senetosa

Synthesis of SSH biases
for missions overflying Corsica facilities
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25 years of continuous monitoring

Conclusions:
- Sentinel-6 MF (LR) shows a very good agreement with Jason-3 at a few mm level.

- 13mm difference between Side A and Side B (Side B shorter) during the FFP.- The SAR mode (HR) of Sentinel-6 MF provides very accurate data few hun-dreds meters up to the coast.

*Only during the Formation Flight Phase with Sentinel-3A (5 cycles for SAR and 4 cycles 
for PLRM) 

*
* Cyclopée:

GNSS measurements coupled with an
altimeter, together on a stabilized arm

CalNaGeo (« GNSS carpet »)

June 2021 and May 2022 surveys. Black lines for surveys of Ajaccio (2005) and 
Senetosa (1999) reference surfaces (bathymetry in background) Special thanks to Claude 

Gaillemin who takes care of 

the Corsica Facilities since 

more than 25 years

Ajaccio

Senetosa

Jason / Sentinel-6-.

Sentinel-3A

SWOT swath (50 km)

Sentinel-3B-

SARAL/AltiKa, ERS, Envisat

Evolution of the Corsica facilities:
• Extension/unification of the reference surfaces 
▪ Junction of the historical Senetosa and Ajaccio references surfaces following 

the Sentinel-3A ground track (measurements in June 2021, 378 nautical 
miles)

▪ Extend and densify the reference surface in preparation of SWOT (measure-
ments in May 2022, 508 nautical miles)

• Preliminary results
▪ Measurements using CalNaGeo and Cyclopée: a very good consistency 

(few mm in average / 20 mm standard deviation)

Recent developments in the frame of SWOT Cal/Val


