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Sentinel-6MF Mission F %

MICHAEL FREILICH
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Copernicus Sentinel-6 Michael Freilich (S6-MF)

* New reference mission to ensure enhanced continuity of the long-term
data record for climate studies

* New sensors: Highly precise radiometer (AMR-C) and new radar altimeter
(POS4) with a new architecture and new capabilities currently
commissioned to assess:

o Continuity of LR mode with previous Jason series

o Consistency between LR and SAR mode data

o Consistency between SAR RAW and SAR RMC

o Also analysis of new LR and SAR configurations and processings

to better exploit the altimeter performance
* mitigating any possible GMSL error, sea state effects and mesoscale error

* Dbenefit of using higher resolution processing over inland
waters, cryosphere surfaces but also over ocean
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S6-JTEX Science Objectives

Tandem from a Climate perspective

To perform very accurate calibration of the S6-MF altimeter (for the two
chains) and radiometer against the reference mission

To identify discrepancies between missions and different operating
modes, but also drifts or periodic signals and establish strategies to
correct for these errors

To produce homogeneous and unbiased time-series observations and
allow a precise estimate of uncertainties (with an error on the trend of
less than 1mm/year) for long term climate data records and applications

To also ensure the continuity of the long-term radiometric correction time
series

a9
ne



S6-JTEX Science Objectives

Expected impact of the Tandem for sea state

* To provide accurate SWH quantities for marine weather and sea state forecasting
but also growing interests in long-term multi-mission altimeter records of sea state

* To gain understanding of the different sea state effects contributing to the sea
surface height retrievals uncertainty
o Increase of measurement noise on SSH with SWH
o Sensitivity to long ocean waves (TO2, energy, orientation):
e High-frequency noise on altimeter estimates
* Increase of SSH variance at long wavelengths (spectrum aliasing)

o SWH bias induced by orbital wave velocities which can in turn impact SSH through
SSB correction

o Other phenomena affecting SAR altimetry signals (surface currents, wind speed)
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S6-JTEX Science Objectives

Expected benefit from innovative processing and applications

* To make use of innovative algorithms to improve the altimeter
performances:

o SAR processing at higher sampling to better sample water targets (leads,
river/lakes, frozen lakes), but also to mitigate swell-induced aliasing artifacts

o Use of customized solutions for more challenging applications as coastal zone,
inland water and sea-ice

o Benefit of new delay-Doppler processing at mesoscale, ..

* To assess the enhanced fully focused SAR (FF-SAR) capabilities to better

map inland waters (and sea ice leads) but also provide more details of the
ocean surface structure
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S6-JTEX Science Objectives

e To exploit the tandem phase between S6-MF and Jason-3 to
demonstrate the high benefit of this new altimeter reference mission
to extend the legacy of sea-surface height measurements

* To gain understanding of the different sea state effects contributing to
the sea surface height retrievals uncertainty, but also impacting the
quality of SWH quantities

* To develop a number of scientific studies that fully exploit the S6-MF
capabilities and make use of innovative processing (higher posting-rate
UFSAR, FF-SAR) to allow for new potential products and applications

* To report these results to the science community in peer-reviewed
journal articles and present them in conferences, also available on the
project website (https://www.s6-jtex.org/)
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S6-JTEX Study Planning and Milestones

Milestones and Reviews

KOM

Task 1 Scientific Preparation
Task 1.1 Scientific Activity Plan

Task 1.2 Study Web Site

Task 2 Data Collection and Quality
Control

Task 2.1 Data Collection and Access
Service (Study Preparation)

Task 2.2 Data Collection and Access
Service (Scientific Analysis)

Task 3 Data Analysis
Task 3.1 Case Studies

Task 4 Final reporting

Task 4.1 Scientific Roadmap and Final
Report

Task 5 Management

Task 5.1 Project Management (Study
Preparation)

Task 5.2 Project Management (Scientific
Analysis)
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S6-JTEX Case Studies

Id Title Activity Theme Status Article Leader
Validation of the S6-MF measurements over open ocean and characterization : OCS
. . : : : D-7
11 of potential differences/discrepancies with respect to Jason-3 Calval ocean Sllpmlistee 0 CLS
1.2 | Evaluation of the performance of S6-MF measurements in coastal areas CalVal ocean Published D-80 TUT
2.1 | Study of second calibration phase between S6-MF and Jason-3 ugzzrtGaI:/Tng Submit in May D-160 mage“ium
3.1 | Validation of S6-MF sea state measurements using triple collocation analysis sea state Submitted D-100 i
Exploiting differences and processing techniques to study ocean swell waves o i - YeL-
32 | ond high sea states and mitigate their impact on S6-MF SSH measurements sea state Submitin May D110 CLS
o ] : stical vsi
a1 Explqtmg the S6-MF effective number of looks (ENL) for sea state statistical analysis Submitted D-120 Q;L.)Oresys
applications of L1 data
5.1 Epr0|tat_|on of Fully focused SAR (FFSAR) processing using S6-MF over ocean FF-SAR processing Published D-130 E:ES
and sea ice surfaces
6.1 Characterization and exploitation of S6-MF and J3 in support of improved inland wgter Submitted D-140 ace
hydrology products analysis CLS
cryosphere : F Y0
7.1 | Study of the S6-MF capability for estimating the Lake Ice Thickness YosSp Submitted D-230 @S
surfaces CLS
8.1 Study of new S6-MF capability in tandem with J3 and together with other internal waves Published D-150 WG

satellite data sets to measure internal wave surface signatures over the ocean

detection study
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S6-JTEX Papers

D-70 "Assessment of Sentinel-6MF low resolution numerical retracker over ocean: continuity on
reference orbit and improvements" (CLS)

D-80 "Coastal Assessment of Sentinel-6 Altimetry Data during the Tandem Phase with Jason-3" (TUM)

D-160 "Benefits of a second tandem flight phase between two successive satellite altimetry missions
for assessing the instrumental stability " (Magellium)

D-100 "Uncertainties in sea state observations from buoys and satellite altimeters during the
Jason-3/Sentinel-6 MF Tandem Experiment " (NOC)

D-110 "Analysis of the sea state impact on Sentinel-6MF Delay/Doppler measurements" (CLS)
D-120 “Exploiting the Sentinel-6 Michael Freilich Equivalent Number of Looks for Sea State Applications" (Aresys)

D-130 "Optimal configuration of Omega-Kappa FF-SAR processing for specular and non-specular targets in
altimetric data: the Sentinel-6 Michael Freilich study case" (CLS/Aresys)

D-140 "Characterization and exploitation of S6-MF products over inland waters exploiting the tandem phase
with Jason3, towards centimetric accuracy hydrology products" (CLS)

D-230 "Improving the Estimation of Lake Ice Thickness with high resolution altimetry data" (CLS)

D-150 "Using a Tandem Flight Configuration between Sentinel-6 and Jason-3 to Compare SAR and G
Conventional Altimeters in Sea Surface Signatures of Internal Solitary Waves" (Univ. Porto) CL
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S6-JTEX Papers
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Article
Coastal Assessment of Sentinel-6 Altimetry Data during the
Tandem Phase with Jason-3

. remote sensing

Artice
Using a Tandem Flight Configuration between Sentinel-6 and
Jason-3 to Compare SAR and Conventional Altimeters in Sea
Surface Signatures of Internal Solitary Waves

Analysis of the sea state impact on Sentinel-6MF
Delay/Doppler measurements

Article
Improving the Estimation of Lake Ice Thickness with High
Resolution Radar Altimetry Data

Article
Exploiting the Sentinel-6 Michael Freilich Equivalent
Number of Looks for Sea State Applications
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Internal Waves Detection Study

HOME 6-JTEX

DIES » INTERNAL WAVES DETECTION STUDY

Study of new 56-MF capability in tandem with |3 and together with other satellite data sets to measure internal wave

surface signatures over the ocean

Internal waves are characterized by large-amplitude vertical displacements (typically 50-150 meters) near the largest density gradient in the water
column. Their energy propagates for hundreds of kilometers perpendicularly to their crests, from generation sites near steep underwater

topography to eventually breaking nearshore or dissipating offshore. They are also characterized by significant vertical velocities, mixing and

associated vertical fluxes. These have implications in biological productivity and biomass observable from satellites, and can crucially affect the ocean

up to the climate scale.

21) demonstrates that internal waves can be
ses by inter-comparing S6-MF and J3 in tandem together

Recent work (Magalhaes and da Silva, 2017; Santos-Ferreria et al, 2018; 2019; Magalhaes et a
observed by satellite altimetry. This study focus on an analysis of the signature of internal w

i
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Documentation

S6-JTEX reports

Articles

Case. &
« Magainaes, M, Lapa, 1.6, Santos. Ferreira, A M. da Silva, 3 CB,; Piras, F.; Moreau, T Amraou, 5. 7 " atk
M " Using a Tandem Flight Configuration between Sentinel-6 and Jason-3 to Compare SAR and
ConventionalAltimeters in Sea Surface Signatures of InternalSolitary Waves. fe 5, 30:

With Jason-3. Semote Sen 15,41

with other satellite data sets (e.g. Sentinel-3 OLCI/SLSTR, Sentinel-2 MSI and Sentinel-1 SAR images). Subsurface internal waves alter the ocean Conferences
surface roughness that is imprinted in sigma0 signatures as well as SWH impacts at small-scale (1-3 kms) to medium-scale (10s of kms). The signature %
of SAR and LRM on the same internal waves, collocated with other satatingsizing o o - e engi Timme
basis of this work. An analysis of the SWH signatures in the same fa ! son e
This activity aims to perform: NEWS  PROJECTS CASE STUDIES DATA ACCESS DOCUMENTATION  PARTNERSHIP  CONTACT US Q ‘ A3
+ ISW signature comparison in L2 HR Sentinel-6 MF and Jason-3 TR
« Multi-Scale analysis of SWH in L2 HR Sentinel-6 MF and Jason Satellite Activity TimeLine (SATL) by enger. T
« FFSAR S6-MF L1b radargram analysis over ISWs i ; it TN y
REFERENCES
The Satellite Activity TimeLine (SATL) records a number of noteworthy events with particular relevance for the S6-MF data analysis, that is v, €, Marald, F, Bay, N.
« Magalhaes, . M., Alpers, W., Santos-Ferreira, A. M., & Da Silva, ' i
radar backscattering measured by SAR and radar altimeter, O o 35/ MF.COMISS0NIR XTNNE PHONES (36-WF STt SN, I3 dND ATd neviews.
- . « 56-MF {and J3) operations; manoeuvres, calibrations, special acquisitions, instrument modes, mode mask, restart ‘ %
» Santos-Ferreira, A. M., Da Silva, J. C., & Magalhaes, ]. M. (2018).
- « 56-MF (and J3) on-board anomalies (satellite and instrument)
part 1: Case studies. Remote Sensing, 10(4), 644. ‘ nd} nom [netrme reau, € Maraldi . 80y, N,
o « 56-MF (and J3) on-ground activities: processing baselines and ADF for each nstrument and processing levels radar backscatter and SWH, L
« Santos-Ferreira, A. M., Da Silva, ). C., & Srokosz, M. (2019). SAR
* 56-MF (and J3) on-ground processing anomalies
2: a method of detection. Remote Sensing, 17{11), 1339 el . .
« Magalhdes, J. M., & da Silva, ). C. (2017). Satellite altimetry obst el sk radiongad i et
Letters, 14(4), 534-538 The timeline is displayed as synthetic graphs to easily see wi and which operations/changes have been occured. The synoptic view of the latest
56-MF cycles is shown below. i Tmeet
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Three talks and one poster have been presented at the Living Planet Symposium
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Sentinel-6 Michael Freilich launch

Sentinel-6 Michael Freilich has been successfully launched on 21 November 2020,

MORE

New MOE on 19/04/2022,

13 restarted on the 25/04/2022 (delayed?).

The full S6-MF timeline can be found

PDAP v3.6 in OPE planned on 31/05/2022

Optimal Configuration

of Omega-Kappa FF-SAR Processing for Specular and Non-Specular Targets In Altimetric Data: The Sentinel-6 Michael Freilich Study

5 Altimetry Data during the Tandem Phase
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Follow-on S6-JTEX activities

Id Title Activity Theme Leader
ace
1 Lake Ice Thickness follow up: multi-sensor analysis cryosphere surfaces &Eé
2 Floe/lead coverage estimation from Sentinel-6 altimetry data cryosphere surfaces gﬁg
3 Very short temporal scale sea state variability sea state i
Global oceans collocation study to evaluate sea state uncertainty for tandem and model / reanalysis
4 sea state
data
Development of a new Sea State Bias or pseudo-SSB correction dedicated to delay/Doppler AFZ
5 sea state CLS
measurements
6 Coastal evaluation of S6: how does it compare to SWOT? coastal study TUT
7 Capability of S6 to observe SWH gradient in the coastal zone coastal study TUm
. , . . internal waves
8 | Characterization of Internal Solitary Waves based on Sea Leval Anomalies for S6/J3 tandem mission _
detection study
9 Leveraging the second S6/J3 tandem phase to quantify relative inter-mission drifts CalVal ocean CLS
. N — uncertainties i
10 | Application and generalization of the two-tandem-phase validation method and GMSL ”‘\ag_eﬂ'“m
1 Assessment of Sea Ice Concentration and Snow Depth estimation algorithms using S6 AMR-C and radiometer / AL
HRMR radiometer brightness temperatures cryosphere surfaces CLS
12 What is the impact of high frequency channels of S6 HRMR on the Wet Tropospheric Correction radiometer / e

performance over ocean and coastal areas

ocean study
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S6-JTEX Deliverable Item List

Responsible

Deliveries

Completion

Status

Associated Milestone

D-10 SAP Science Activity Plan CLS KO+1.5, KO+3 100% available on website 1.0 DSM (T0+1.5m)
D-20 WWw Study web site CLS KO+3, each PM, FR 100% site publicly accessible [1.0 -
D-30 PPT PowerPoint for each case study ALL KO+3, each PM, KO+21 100% available on sharepoint 1.0 -
D-40 S6-JTEX-DATA Master data set CLS KO+3, FR - 1.0

D-50 S6-JTEX-DB Master data set searchable database CLS KO+3, FR - 1.0

D-60 S6-JTEX-SATL satellite activity timeline CLS KO+3, FR 100% available on website 1.0 -
D-70 Paper-1 CalVal open ocean and GMSL CLS KO+12, each PM, FR 100% submitted 1.0 FR
D-80 Paper-2 Coastal study TUM KO+12, each PM, FR 100% published 1.0 PM6
b-90 Paper3 Yreertaintiesand-GMSE €S Ko+i2-each-PMFR

D-100 Paper-4 Sea state NOC KO+12, each PM, FR 100% submitted 1.0 FR
D-110 Paper-5 Sea state CLS KO+12, each PM, FR -% in prep 1.0 -
D-120 Paper-6 Statistical analysis of L1 data ARESYS KO+12, each PM, FR 100% submitted 1.0 FR
D-130 Paper-7 FF-SAR processing CLS KO+12, each PM, FR 100% published 1.0 FR
D-140 Paper-8 Inland water analysis CLS KO+12, each PM, FR 100% submitted 1.0 FR
D-150 Paper-9 Internal waves detection study UNIV PORTO KO+12, each PM, FR 100% published 1.0 PM4
D-160 Paper-10 Uncertainties and GMSL MAGELLIUM KO+12, each PM, FR -% in prep 1.0 -
D-230 Paper-11 LIT CLS KO+12, each PM, FR 100% submitted 1.0 FR
D-170 SR Scientific Roadmap CLS FR-1 100% available on sharepoint 1.0 FR
D-180 FR Final Report CLS FR-1 100% available on sharepoint (1.0 FR
D-190 TDP Technical Data Package CLS FR

D-200 CCD Contract Closure Documentation CLS FR

D-210 FP Final Presentation ALL FR 100% available on sharepoint FR
D-220 MR Executive progress report and Actions CLS FR 100% available on sharepoint -




Deliverables

Available on the S6-JTEX sharepoint

 Deliverables
https://groupcls.sharepoint.com/:f:/r/sites/S6-JTEX/03-Deliverables

* Meeting presentation/MoM
https://groupcls.sharepoint.com/:f:/r/sites/S6-JTEX/04-Meeting
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