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Overview
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Regular monitoring of Sentinel-3 Surface Topography Mission (STM) performance over the oceans

Guaranteed from beginning of S3A mission to present by two distinct projects: 

➢ S3-MPC (until December 2021)

➢ COPAS (from May 2022)

The monitoring activities in both projects includes:

• Calibration and characterization of S3 altimeter (SRAL) and microwave radiometer (MWR) performance

• Validation of the ground processing and final products

• Assessment of the overall mission performance

• Support for the continuous improvement of the S-3 STM performance



Overview

- 3 -

Regular monitoring of Sentinel-3 Surface Topography Mission (STM) performance over the oceans

Guaranteed from beginning of S3A mission to present by two distinct projects: 

➢ S3-MPC (until December 2021)

➢ COPAS (from May 2022)

The monitoring activities in both projects includes:

• Calibration and characterization of S3 altimeter (SRAL) and microwave radiometer (MWR) performance

• Validation of the ground processing and final products

• Assessment of the overall mission performance

• Support for the continuous improvement of the S-3 STM performance



Assessment of the overall mission performance

Analysis based on latest processing baseline => Currently 
SM__WAT.005.01
Comparison between SARM/PLRM modes and S3A/S3B/J3/S6 
satellites

➢ Data Availability

• Missing and edited measurements

➢ Cal/Val results

• Focus on main geophysical variables => Sigma0, SWH, Wind, SLA

• Global maps => Assess spatial distribution of anomalies

• Full mission time-series => Identify drifts and anomalies

➢ STM Error budget

• Different types of errors (sources and scales)

o High-frequency

o Low frequencies

o Long-term trends
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Cyclic reports

Up to S3A cycle 78 and S3B 

cycle 59
https://sentinel.esa.int/web/sentinel/technic

al-guides/sentinel-3-altimetry/data-quality-

reports

From S3A cycle 79 and S3B 

cycle 60
https://eumetsatspace.atlassian.net/wiki/spa

ces/PQ/pages/1828126721/Sentinel-

3+cyclic+reports

S3MPC STM Error Budget
https://sentinel.esa.int/web/sentinel/user-

guides/sentinel-3-altimetry/document-library

https://sentinel.esa.int/web/sentinel/technical-guides/sentinel-3-altimetry/data-quality-reports
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-3-altimetry/document-library


Processing baseline SM__WAT.005.01

▪ First PB of the new Baseline Collection 005 (BC 005)

▪ Deployed on 7 July 2022 (S3A cycle 86 pass 397; S3B cycle 67 pas 111)

▪ Before that Baseline Collection 004 (included PB 2.61, PB 2.68 Marine, and PB 2.79 Marine)

▪ PB name now contains all the changes for both L1 and L2

https://www.eumetsat.int/new-sentinel-3-altimetry-processing-baseline-collection-005

New naming convention

• SM__WAT.005.01.00 

(SRAL/MWR L2 Marine)

• SR__L1M.005.00.00                      

(SRAL L1 Marine)

• MW__L1_.005.00.00                     

(MWR L1 Global)

https://www.eumetsat.int/new-sentinel-3-altimetry-processing-baseline-collection-005


Processing baseline SM__WAT.005.01

Updates to the SSHA

▪ New Mean Sea Surfaces (Combined MSS, CNES/CLS15, SIO, DUT15 new default MSS)

▪ New Pole Tide solution (Desai 2017).

▪ Internal tides and long tide non-equilibrium now applied to calculate SSHA.

▪ New Sea State Bias (Tran 2021) derived from S3A SAR/PLRM for Ku-band.

▪ Real Zero Masking from L1B data applied at SAR L2 (all timeliness).

▪ Range Walk (applied at SAR L1, only NTC).

▪ No-more (land-)ice variables being generated by Marine products.

➢ Impact on several SAR variables (e.g. SWH, wind and SSHA)

➢ Full mission reprocessing underway

https://www.eumetsat.int/new-sentinel-3-altimetry-processing-baseline-collection-005

https://www.eumetsat.int/new-sentinel-3-altimetry-processing-baseline-collection-005


https://eumetsatspace.atlassian.net/wiki/spaces/PQ/pages/

1828126721/Sentinel-3+cyclic+reports

Sentinel-3: overall performance over ocean



S3B% AvailableS3A% Available

❑ Good measurements 
coverage/availability

❑ Occasional events with 
large loss of data

Data Availability: Missing Measurements



S3B% AvailableS3A% Available

❑ Good measurements 
coverage/availability

❑ Occasional events with 
large loss of data

▪ Worst event in the 
last two years

▪ Usually ground 
segment anomalies, 
satellite maneuvers or 
spacecraft special 
operations

Data Availability: Missing Measurements



S3B
% Edited

S3A
% Edited

S3B
% Edited

S3A
% Edited

• Edited measurements mostly in polar regions

• Over ocean mostly due to swell and rain events

• Consistency between Sentinel-3A and 3B

• Percentage of edited measurements between 25 and 14 %

• Occasional larger edited events

❑ Discarded available ocean 

measurements (ice, quality 

thresholds)

Data Availability: Edited Measurements



S3B
% Edited Open Ocean

S3A
% Edited Open Ocean

• Edited measurements mostly in polar regions

• Over ocean mostly due to swell and rain events

• Consistency between Sentinel-3A and 3B

• Percentage of edited measurements between 25 and 14 %

• Occasional larger edited events

❑ Discarded available ocean 

measurements (ice, quality 

thresholds)

➢ ~3 to 5% of open ocean 

measurements edited

Data Availability: Edited Measurements



❑ Consistency between 

Sentinel-3A and 3B

❑ Expected geographical 

distribution

Cal/Val results: SWH (S3B cycle 69 – Jul 31 to Aug 27 2022)
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❑ Consistency between 

Sentinel-3A and 3B

❑ Expected geographical 

distribution

❑ Consistency between modes

❑ Small SARm/PLRM bias

❑ Stable time-series

❑ S3 consistent with J3 and 

S6A LR

❑ S6A HR shows some bias

Cal/Val results: SWH (Full mission time series)
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❑ Consistency between 

Sentinel-3A and 3B

❑ Expected geographical 

distribution

❑ Consistency between modes

❑ No SARm/PLRM bias

❑ Stable time-series

❑ No bias with respect to J3, 

S6A LR and S6A HR

Cal/Val results: Wind (Full mission time series)



❑ Not all time series are stable

❑ Few parameters of the full 

stack regularly validated at 

the end of each cycle show 

unstable trends 

❑ No visible effect on final 

geophysical parameters

➢ Jumps at the end of the series 

due to the change to 

SM__WAT.005.01

S3BS3A
Range Mode Difference

Range Mode Difference

Wind model difference

Wind model difference
S3A S3B

Cal/Val results: Unstable time-series
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❑ Consistency between 

Sentinel-3A and 3B

❑ Expected geographical 

distribution

❑ Slight bias between satellites                 

(much reduced since new PB)

Cal/Val results: SSHA (S3B cycle 69 – Jul 31 to Aug 27 2022)



❑ Consistency between 

Sentinel-3A and 3B

❑ Expected geographical 

distribution

❑ Slight bias between satellites                 

(much reduced since new PB)

❑ SARm/PLRM bias

❑ Stable observations (from 

STD time series)

Cal/Val results: SSHA (S3B cycle 69 – Jul 31 to Aug 27 2022)



❑ Bias between modes

❑ Bias between satellites

❑ Bias wrt Jason-3

Cal/Val results: SSHA (Full mission time series)



❑ Bias between modes

❑ Bias between satellites

❑ Bias wrt Jason-3

❑ No positive trend for S3B

❑ S3A SAR trend steeper 

than Jason-3 (by ~1.2 

mm/year)

SLA errors!!!

Cal/Val results: SSHA (Full mission time series)



https://sentinel.esa.int/web/sentinel/user-

guides/sentinel-3-altimetry/document-library

STM Error Budget

https://sentinel.esa.int/web/sentinel/user-guides/sentinel-3-altimetry/document-library


Sources

➢ Instrumental errors

• Intrinsic to the instrument 

• white noise

• Impact on small-scale applications individual 

measurements

Spatio-temporal scales

▪ High-frequency

(No spatial correlation)

Different types of errors

STM Error Budget



Sources

➢ Correction errors

• Associated with SLA geophysical corrections

• Broad range of scales

• Impact on (sub)mesoscale to basin-wide applications

Spatio-temporal scales

▪ High-frequency

▪ Low-frequency

10 km/1 week

1000km/1 year

Different types of errors

Corrections associated with 

specific geophysical processes:

Spatio-temporal correlations

(from Dickey et al. 2001)

STM Error Budget



Sources

➢ Retracking errors

• Associated with waveform retracking 

(algorithm + assumptions)

• Smaller but broader errors

• Impact on climate scale applications

Spatio-temporal scales

▪ Low-frequency

▪ Long-term trends Basin-

scale variations

Different types of errors

STM Error Budget



Easy to quantify (white noise)

1. Spectra

❑ SLA, SWH, Sigma0

2. STD of 20 Hz measurements within 1 Hz

❑ SLA, SWH, Sigma0

3. STD of residual after filtering 1 Hz corrections

❑ WTC, Ionospheric correction

STM Error Budget: High-frequency errors

For all variables and corrections errors are 

small and within the requirements



Hard to quantify (broad range of scales):

1. Mono-mission crossover maps

2. Collocated mode difference (SAR-PLRM along track)

3. Double difference (asc-dsc difference of SARM-PLRM)

➢ All approaches returns maps with large scale patterns which can be 

correlated to other geophysical or geometrical parameters

➢ Both approaches have the limitation of mixing spatial and temporal 

variability together

STM Error Budget: Low-frequency errors
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STM Error Budget: Low-frequency errors

The key would be to have long, synoptic in-situ observations at the desired scales:

Not easy and very expensive !!!

SWOT experience will be very important:

▪ Strategy of observations (large multi-platform array: buoys, gliders, bottom pressure sensors…)

▪ New technologies for in-situ observations (e.g. airborne Lidar)



Sentinel-3A

➢ 0.3 mm/year trend error due to 

PTR approximation

❑ Can be corrected by including 

measured PTR in the retracking 

process (numerical retracker)

➢ 1.0 mm/year due to 

approximation in the lateral look 

range

❑ Can be corrected by introducing 

“range-walk” correction at level-1 

before the beamforming

STM Error Budget: Long term trends

Multi-mission comparison



Sentinel-3B

➢ Processing error in the application 

of the USO correction

STM Error Budget: Long term trends

Multi-mission comparison



Sentinel-3B

➢ Processing error in the application 

of the USO correction

STM Error Budget: Long term trends

Multi-mission comparison

➢ Sentinel-3B correction already 

applied in the new PB

➢ Sentinel-3A corrections will be 

applied in the next one



1. Cyclic report analysis extended to 20Hz observations

Coastal Oceans

SLA mean and STD

Polar Oceans

Lead SLA

https://eumetsatspace.atlassian.net/wiki/spaces/PQ/pages/

1828126721/Sentinel-3+cyclic+reports

Way forward: the COPAS project
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2. Quarterly reports on instrument performance (SRAL, MWR)

3. Annual reports with comparison vs in-situ observations (e.g. tide-gauges, swh and wind…)

4. Dedicated scientific studies over key regions (e.g. coastal, high-latitudes…)

Way forward: the COPAS project



Cal/Val

❑ Overall, very good performance over the ocean

❑ Both in terms of data availability as well as data quality

❑ Cycle-to-cycle consistency between mission observations

Error budget 

▪ High-frequency errors 

❑ All quantified errors within the requirements (geophysical parameters and corrections)

▪ Low-frequency errors

❑ Limitations to quantify lower frequencies errors (lack of synoptic in-situ ground-truth)

▪ Long term trends

❑ Sources of errors for S3A and S3B trends have been identified (and corrections will be implemented)

CONCLUSIONS


