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2026 Ocean Surface Topography Science Team
Meeting

Sunday, June 21 2026 - Friday, June 26 2026

The meeting will take place at the RheinMain CongressCenter (Friedrich-Ebert-Allee, 65189 Wiesbaden), a state-
of-the-art conference venue located in Wiesbaden, Germany. For logistical information (registration, venue, ...)
please visit: https://www.eventsforce.net/ostst2026

The yearly Ocean Surface Topography Science Team meeting includes plenary sessions, the splinter working
sessions, and poster sessions.

Once again in 2026, satellite altimetry experts from around the world will gather to discuss the performance of
current satellite altimetry constellations as well as the use and information-sharing about all present, past, and
future altimeter missions.

The meeting will cover the main applications of satellite altimetry related to open oceans, coastal areas, polar
regions, cryosphere, and inland waters.

The meeting is open to international experts and global users of satellite altimeter data from all missions (Jason-
3, Sentinel-3, Sentinel-6, CryoSat-2, SARAL/AltiKa, SWOT, HY-2, etc.) and those working on future
altimetry missions.

In addition, since the successful launch of the Copernicus Sentinel-6B satellite in November 2025, this OSTST
meeting will place a strong focus on the commissioning status and activities of this mission with a dedicated
Sentinel-6 Validation Team meeting, where teams will report on the findings from the satellite’s commissioning.
And once again, this OSTST edition will be combined with a meeting of the International DORIS Service.
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Keynote/invited

OSTST Opening Plenary Session
Mon, Jun 22 2026, 08:30 - 12:30 - Saal D

12:00 - 12:20: Arctic Sea Ice - Where are we headed? Challenges and opportunities of future polar observations:
Christian Haas

Science Keynotes Session
Mon, Jun 22 2026, 14:00 - 15:45 - Saal D

14:05 - 14:30: Global and regional sea level trend and acceleration budgets from combining altimetry GRACE
and Argo observations within a joint inversion framework: Bernd Uebbing et al.

14:30 - 14:55: Impacts of the Madden-Julian Oscillation on Marine Heatwaves and Compounding Sea Level
Extremes over Global Oceans: Weiging Han et al.

14:55 - 15:20: The opportunities and challenges of SWOT in advancing the study of the oceanic submesoscale
processes: Lee-Lueng Fu

15:20 - 15:45: Lake Ice Thickness from Radar Altimetry: new multi-mission data, perspectives for Cristal and
toward Sea Ice: Anna Mangilli et al.

Oral

(Very) young scientists session
Tue, Jun 23 2026, 12:30 - 12:45 - Saal D

12:30 - 12:45: Argonautica, ocean and satellites from kindergarten to engineering school: Estelle Raynal

Application development for Operations
Thu, Jun 25 2026, 16:15 - 18:00 - Studio Terrasse 2.1.B

16:15 - 16:30: Real-time SWOT processing and forecasting using novel data assimilation: Joseph D'Addezio et
al.

16:30 - 16:45: Global Daily Altimeter Sea Surface Height (DASH1.0) 1993-2024: James Carton et al.

16:45 - 17:00: Satellite-Based Near-Real-Time Subsurface Ocean Field Estimates for Operational Needs: Paige
Lavin et al.

17:00 - 17:15: Assessing the impact of wide-swath altimetry for operational systems: SWOT assimilation from
global to regional scales : Ergane Fouchet et al.

17:15 - 17:30: From SWOT-KaRlIn to Copernicus Marine Service: Leveraging L3 KaRIn for Next Generation
Oceanography: Marie Isabelle Pujol et al.

17:30 - 17:45: Satellite altimetry of volcanic tsunamis and early warning: Y. Tony Song et al.

Characterizing and Quantifying Uncertainties in Altimetry data
Wed, Jun 24 2026, 09:00 - 10:30 - Studio Terrasse 2.1.B

09:00 - 09:15: A Metrological Review of the Pre-Launch Uncertainty-Budget Determination for SAOOH, the
Wide-Swath Altimeter onboard the Sentinel-3 Next Generation mission: Sajedeh Behnia et al.

09:15 - 09:30: The Sea Level Budget Closure (SLBC) as a Validation Metric for assessing the Global Mean Sea
Level (GMSL) Stability: Application to the TOPEX Altimetric Record: Marie Bouih et al.

09:30 - 09:45: Assessment of dual-frequency ionospheric corrections from the two tandem phases of Jason-3
and Sentinel-6A: Denise Dettmering et al.

09:45 - 10:00: A formal uncertainty propagation framework for assessing sea level rise stability uncertainties:
application to the CDR-derived WTC and SSB correction: Louis Kern et al.

10:00 - 10:15: Uncertainties in coastal sea level trends in 20 years of Jason satellite altimetry data: Fernando
Nifo et al.

10:15 - 10:30: An Uncertainty Analysis of the Level-2 processing for ice products from CRISTAL: Joseph Powell
et al.

Coastal Altimetry
Wed, Jun 24 2026, 09:00 - 10:30 - Saal D

09:00 - 09:15: A Novel One-Pass Substack Retracker for SAR Altimetry Signals in Coastal Areas: Christopher
Buchhaupt et al.
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09:15 - 09:30: Assessing Sea State Bias Performance in Deep Ocean and Coastal Regimes Using
ALTICAP/RESOURCECODE Colocated Data: Ngan Tran et al.

09:30 - 09:45: Validation of Satellite Altimetry for Coastal Storm Surge Detection: Jemma Johnson et al.

09:45 - 10:00: Observing Storm Surges in the German Bight with SWOT: Saskia Esselborn et al.

10:00 - 10:15: Studying small-scale coastal dynamics in the Northwestern Mediterranean Sea with SWOT: the
case of North Current intrusions on the Gulf of Lion shelf: Mathilde Cancet et al.

10:15 - 10:30: Integration of coastal altimetry in a regional observing system along the Swedish coast: Luciana
Fenoglio et al.

Instrument Processing: Measurement and Retracking
Tue, Jun 23 2026, 09:00 - 12:30 - Saal D

09:00 - 09:15: The best of both worlds: The many advantages of a ‘partially-focused’ SAR approach compared to
both unfocused and fully-focused processing over ocean: Frithjof Ehlers et al.

09:15 - 09:30: Optimal Retracking Solutions for Enhanced Ocean Altimetry : Anna Mangilli et al.

09:30 - 09:45: A wave-effect mitigation SAR processing applied to Sentinel-6A: Marta Alves et al.

09:45 - 10:00: Slope correction for ocean SAR altimetry: Juliette Gamot et al.

10:00 - 10:15: A model for the wave-induced small scale variability in SAR altimetry waveforms: Frithjof Ehlers et
al.

10:15 - 10:30: Intercomparison of Supervised Machine Learning Algorithm Performances in SAR Altimetry
Waveform Classification: Pittayuth Yoosiri et al.

11:00 - 11:15: Multi-Mission External Calibration of Radar Altimeters Using Point Targets: Adrian Flores et al.
11:15 - 11:30: CRISTAL End-to-End Performance Assessment: Status One Year Before Launch: Albert Garcia-
Mondejar et al.

11:30 - 11:45: CRISTAL Marine Level 2: Algorithm and Product Specifications: Marielle Guibbaud et al.

11:45 - 12:00: Resolving the Snow-Ice Interface: A Numerical SAR Altimetry Retracker for Simultaneous Snow
Depth and Roughness Retrieval: Christopher Buchhaupt et al.

12:00 - 12:15: A 4D Look—Bin—Space-Time (LBiST) approach for waveform decontamination and range
determination in SAR altimetry: Shahin Khalili et al.

12:15 - 12:30: Monitoring Inland Water Level Variations from Sentinel-6 HR and SWOT Data: Shirzad Roohi

Instrument Processing: Propagation, Wind Speed and Sea State Bias
Wed, Jun 24 2026, 14:00 - 18:00 - Saal D

14:00 - 14:15: From Sentinel-6A to Sentinel-6B, Improving the Altimetry Record by Advancing the Radiometer
Product: Shannon Brown et al.

14:15 - 14:30: Examining the possible improvements in WTC retrieval over ocean when including the radiometer
high frequency channels on board Sentinel-6MF.: Flora Stanley et al.

14:30 - 14:45: Improving MWR-based retrievals of WTC in coastal areas: Frank Fell et al.

14:45 - 15:00: An Adaptive Wet Tropospheric Correction Retrieval Method Integrating Overlapping Wind-Regime
Modeling, Multi-Scale Sample Balancing, and Model Soft Fusion: Xiaomeng Zheng et al.

15:00 - 15:15: An Intercomparison of WTC retrieval methods over ocean for Satellite Altimetry Missions -
Application to Sentinel-6MF AMR-C. : Flora Stanley et al.

15:15 - 15:30: The KD-VAR Approach for WTC Retrieval: Combining the Best of Two Worlds by Bridging
Physical Uncertainty Estimation and Operational Efficiency: Ralf Bennartz et al.

15:30 - 15:45: Addressing Long-Term Drift in SARAL/AltiKa Radiometer: Empirical Correction from inter-
calibration with FCDR: Héléne Roinard et al.

16:15 - 16:30: New Intercalibrated Wet Tropospheric Corrections for the Reference Altimetric Missions: M. Joana
Fernandes et al.

16:30 - 16:45: A new parametrisation of the Objective Analysis algorithm for SWOT: Marie-Laure Frery et al.
16:45 - 17:00: A new algorithm for the Wet Tropospheric Correction interpolation on SWOT Altimeters using
Objective Analysis: Thibault Pirotte et al.

17:00 - 17:15: Improving SWOT Wet Tropospheric Correction by means of GPD+: Isabel Cardoso et al.

17:15 - 17:30: Radar Altimeter and ICESat-2 Sea State Biases and Natural Correlations Between Dynamic
Ocean Topography and Significant Wave Height : Alexa Putnam et al.

17:30 - 17:45: Physics-based electromagnetic bias correction using SWIM spectra: towards a reconciliation of
empirical and theoretical studies ?: Estelle Mazaleyrat et al.

OSTST Closing Plenary Session
Fri, Jun 26 2026, 09:00 - 12:30 - Saal D

09:00 - 09:15: GDR-G Reprocessing Status: Francois Bignalet-Cazalet et al.

OSTST Opening Plenary Session
Mon, Jun 22 2026, 08:30 - 12:30 - Saal D
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08:40 - 09:00:
09:00 - 09:10:
09:10 - 09:20:
09:20 - 09:30:
09:30 - 09:45:
09:45 - 10:00:
10:00 - 10:15:
10:15 - 10:30:
11:15-11:30:
11:30 - 11:45:
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NASA/CNES/NOAA/EUMETSAT/ESA program status: Yannice Faugere et al.
SARAL/Altika mission overview: Said Haouchine

Jason-3 Status: Chiara Russano et al.

CFOSAT mission status and outcomes: Cédric Tourain et al.

Mission status and oceanographic results from SWOT: Christophe Marechal et al.
Copernicus Sentinel-3 mission overview: Bruno Lucas et al.

Sentinel-6 Mission Overview: Remko Scharroo et al.

The EUMETSAT Altimetry Programme and associated missions: Fany Ares et al.

CRISTAL Mission Status : Paolo Cipollini et al.

The Sentinel-3 Next Generation Topography Copernicus Altimetry Mission — Mission Status:

Alejandro Egido et al.

11:45 - 12:00:

et al.

The Sentinel-6 Next Generation Copernicus Altimetry Mission — Mission Status: Alejandro Egido

Outreach, Education and Altimetric Data Services
Tue, Jun 23 2026, 14:00 - 15:45 - Studio Terrasse 2.1.B
0ODS2026_001: Students and operational stakeholders synergies at lake Guerlédan (France) for inland water

satellite cal/val: Clémence Chupin et al.
0ODS2026_004: Exploring altimetry products through WEKEO and the EUMETSAT Jupyter Notebook library: Ben

Loveday et al.

0ODS2026_006: By Jupyter!: are notebooks a magic wand in education. training and user services?: Vinca

Rosmorduc

14:45 - 15:00:

EDAP+ for Altimetry — Establishing Quality Assessment Guidelines over Inland Waters, Sea Ice,

and Land Ice: Sajedeh Behnia et al.

15:00 - 15:15:

Altimetry Data and Services at PO.DAAC: Celia Ou et al.

0ODS2026_005: AVISO products & services: what's new?: Cyril GERMINEAUD et al.
0ODS2026_008: Outreach and Data Services Showcase: All All

Precision Orbit Determination
Mon, Jun 22 2026, 16:15 - 18:00 - Studio Terrasse 2.1.B

16:15 - 16:30:
16:30 - 16:45:
16:45 - 17:00:
17:00 - 17:15:
17:15 - 17:30:
17:30 - 17:45:

al.

17:45 - 18:00:

CNES Altimetry Orbits with the Latest Standard GDRG: Suzanne Blondel et al.

Copernicus POD Service: status and challenges: Miguel Mufioz de la Torre et al.

First POD results for Sentinel-6B & Update on the std2400 orbits: Frank Lemoine et al.

GPS-Based Precise Orbit Determination of the Sentinel-6B Mission: Alex Conrad et al.

DORIS/DIODE Real-Time orbit determination onboard Sentinel-6B: Jean-Pierre CHAUVEAU et al.

Long-term evaluation of COST-G Fitted Signal Models (FSM) based on LEO POD: Heike Peter et

Impact of different Earth’s mean time-variable gravity field models, ITRS 2020 realizations and

their updates on precise orbit determination of altimetry satellites: Sergei Rudenko et al.

Regional and Global CAL/VAL for Assembling a Climate Data Record
Thu, Jun 25 2026, 09:00 - 12:30 - Saal D

09:00 - 09:15:

CryoSat-2’s teenage years: Ensuring quality of oceanographic data from 16 plus years in orbit:

Chris Banks et al.

09:15 - 09:30:

Analyzing the Sentinel-6A / Jason-3 second tandem phase to assess the missions consistency.:

Benjamin Flamant et al.

09:30 - 09:45:

Quet et al.

09:45 - 10:00:
10:00 - 10:15:

The TOPEX sea level topography retrieval stability and its impact on the GMSL time series: Victor

Sentinel-3 Global Ocean Products — Baseline 'G62' improving global sea level: Bruno Lucas et al.

DT2029 L 2P-L3-L4 reprocessing : Shaping the Future of a 34-Year Multi-Mission Altimetry

Record : Cecile Kocha et al.

10:15- 10:30:

Improving Altimetry Data Editing Through Empirical Threshold Refinement and Al-Based Anomaly

Detection: Mélissa Rolland et al.

11:00 - 11:15:

Recent Progress in altimetry Cal/Val for all operating satellite modes at the ESA Permanent

Facility for Altimetry Calibration: Stelios Mertikas et al.

11:15-11:30:

et al.

Calibration/Validation of nadir and wide-swath altimetry at the Corsica facilities: Pascal Bonnefond

11:30 - 11:45: Shipborne GNSS Sea Surface Height Estimation During SWOT Fast-Sampling Phase: Aurélie

Panetier et al.
11:45 - 12:00:

Overview and performance assessment of SWOT NADIR's latest GDR-S2.01 standard over

ocean: Aurélien Deniau et al.
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12:00 - 12:15: Overview and performance assessment of SWOT KaRln's latest DO baseline: Etienne Jussiau et
al.

12:15 - 12:30: Sentinel-3 Next Generation Topography Mission Performance and Uncertainty Assessment: Sea
Surface Height preliminary performance study: Thomas Vaujour et al.

Science I: Quantifying and Understanding Regional and Global Sea Level variability,
trend and acceleration
Thu, Jun 25 2026, 16:15 - 18:00 - Saal D

16:15 - 16:30: 33 years of GMSL measurements and associated uncertainties based on L2P vDT2024 products:
Victor Quet et al.

16:30 - 16:45: Exploitation of the two tandem phases between Jason-3 and Sentinel-6 MF for instrumental
stability assessment: Victor Quet et al.

16:45 - 17:00: Abrupt trend change in global mean sea level and its components in the early 2010s: Lancelot
Leclercq et al.

17:00 - 17:15: How is the global and regional sea level budget closed from the latest observations? (SLBC cci+
project): Marie Bouih et al.

17:15 - 17:30: Closure of the sea level budget since 2016: Anny Cazenave et al.

17:30 - 17:45: Uncertainty in Ocean heat uptake estimate from the combination of Altimetry. gravimetry and in-
situ data : Michael Ablain et al.

17:45 - 18:00: Seasonal prediction skill for sea level anomaly and the underlying physics provided by ocean

dynamic memory: Tong Lee et al.

Science II: Large Scale Ocean Circulation Variability and Change
Tue, Jun 23 2026, 16:15 - 18:00 - Studio Terrasse 2.1.B

16:15 - 16:30: The ESA Arctic Freshwater budget (ARCFRESH) project — Progress after the first year. : Ole
Baltazar Andersen et al.

16:30 - 16:45: Reuvisiting the Florida Current Seasonal Cycle: Insights from Satellite Altimetry and In Situ
Observations: Denis Volkov et al.

16:45 - 17:00: What does altimetry really tell us about North Atlantic circulation?: Chafik Léon et al.

17:00 - 17:15: A New Dynamic Regime in the North Pacific Climate System after 2018: Physical Drivers and
Biogeochemical Impacts: Bo Qiu et al.

17:15 - 17:30: Circulation on the continental shelf around southern South America: response to wind forcing: M.
Milagro Urricariet et al.

17:30 - 17:45: Drivers of marine heatwaves and their decadal-scale disruption in the southwest Indian Ocean in
recent decades: Weiqing Han et al.

Science lll: Mesoscale and sub-mesoscale oceanography
Mon, Jun 22 2026, 16:15 - 18:00 - Saal D

16:15 - 16:30: Spatiotemporal Machine Learning Representations of Satellite Altimeter Measurements: Martin
Kolster et al.

16:30 - 16:45: Highly non-linear mesoscale eddies emerging from wide-swath altimetry : Antonio Bonaduce et
al.

16:45 - 17:00: Dominant patterns of interannual variability in the ocean eddy kinetic energy field: Oleg
Melnichenko et al.

17:00 - 17:15: GOFLOW: An unprecedented view of ocean surface currents from geostationary satellites: Luc
Lenain et al.

17:15 - 17:30: Spatial correlation between sea surface height and temperature anomalies and its long-term
trend: Minghai Huang et al.

17:30 - 17:45: Training neural mappings and short-term forecasts for global along-track altimetry data from
simulations: Thi-Thuy-Nga Nguyen et al.

Science IV: Altimetry for Cryosphere and Hydrological Studies
Thu, Jun 25 2026, 09:00 - 12:30 - Studio Terrasse 2.1.B

09:00 - 09:15: Fresh4Bio: Evaluating SWOT-derived geostrophic velocities in a regional ocean-sea ice model of

the Nordic Seas: Sara Jensen et al.

09:15 - 09:30: Mapping Recent Variability in Arctic Sea Ice Topography with Satellite Laser and Radar Altimetry:
Kyle Duncan et al.

09:30 - 09:45: Sea ice classification, concentration and freeboard using SWOT altimetry data.: Gwenael Jestin et
al.

09:45 - 10:00: The Spatial Distribution and Temporal Variation of Arctic Snow Depth and Sea Ice Thickness from
Satellite Altimeter Observations: Donghui Yi et al.
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10:00 - 10:15: Iceberg Detection and Characterisation for CRISTAL: Multi-Mission Assessment of the CLEV2ER
Ground Prototype Processor: David Llaveria Godoy et al.

10:15 - 10:30: Combining Fully Focused and Swath Processing for Glacier Applications: Charlie McKeown et al.
11:00 - 11:15: From SWOT to the Future SSNG-T Mission: Assessing Swath Altimetry Performance Over Inland
Waters: Maxime Vayre et al.

11:15 - 11:30: GLoWAV: A Global Dataset of Lake and Reservoir Storage Anomaly from Multi-Mission Satellite
Altimetry and Optical Satellite Imagery: Omid Elmi et al.

11:30 - 11:45: River Processing Prototype: Enhancing Nadir Satellite Altimetry processing for Rivers Using
SWOT and Geographical Context Data: Baptiste Gombert et al.

11:45 - 12:00: Performance comparison of Sentinel-6 and SWOT over terrestrial water targets, and a new SWOT
framework to improve their analysis.: Ollie Holmes et al.

12:00 - 12:15: RainGNSS, toward a dense, low-cost ground-based network of in situ validators for inland water
altimetry: tropospheric wet correction, rainfall flagging, and height validation.: Bruno Picard et al.

12:15 - 12:30: Performance Assessment of SWOT Mission for estimating Water Surface Elevation and Storage
over selected Reservoirs of India: Shard Chander et al.

Synergies between Argo, GRACE and Altimetry
Tue, Jun 23 2026, 09:00 - 10:30 - Studio Terrasse 2.1.B

09:15 - 09:30: Sea-Level Budget Closure and Observation System Evaluation Using ECCO State Estimation: lan
Fenty et al.

09:30 - 09:45: Detecting Long-Term Deep-Ocean Steric Changes through Sea Level Budget Analysis Remains
Challenging: Xinfeng Liang et al.

09:45 - 10:00: Altimeter and profile observations working together: Gregg Jacobs et al.

10:00 - 10:15: Complementarity of Argo and Altimetry assimilated in Mercator Ocean International’s Global
Forecasting System: Mounir Benkiran et al.

10:15 - 10:30: Ocean heat uptake estimate from a combination of Altimetry gravimetry and in-situ data allows to
close the energy budget at the +0.5W.m-2 level (2 sigma) on yearly time scale: Thomas Duvignacq et al.

The Geoid, Mean Sea Surfaces and Mean Dynamic Topography
Tue, Jun 23 2026, 11:00 - 12:30 - Studio Terrasse 2.1.B

11:00 - 11:12: A CNES CLS MSS model leveraging SWOT KaRiIn data: Rémy Charayron et al.

11:12 - 11:24: Extension of the SWOT-based mean sea surface into coastal regions and initial validation: Bjarke
Nilsson et al.

11:24 - 11:36: The DTU26 SWOT-derived gravity field and validation with airborne and marine campaigns:
Bjarke Nilsson et al.

11:36 - 11:48: New free-air gravity anomaly model based on SWOT KaRln data. : Philippe Schaeffer et al.
11:48 - 12:00: Sea Level Products of the Baltic & North Sea in the German national height system: Ludwig
Schréder et al.

12:00 - 12:12: Towards an improved CNES-CLS Mean Dynamic Topography 2026: Juliette Gamot et al.

Tides, internal tides and high-frequency processes
Tue, Jun 23 2026, 09:00 - 10:30 - Studio Terrasse 2.1.A

09:00 - 09:15: Growth and decay of internal waves observed by SWOT at the Mascarene Plateau: Matthew
Archer et al.

09:15 - 09:30: Resolving Tidal Modulation of Antarctic Ice Shelves Using SWOT HR Altimetry: Rasmus Lerup
Arildsen et al.

09:30 - 09:45: Progress towards a general altimetry derived tidal process model: Thomas Monahan et al.

09:45 - 10:00: Preliminary results of the new global barotropic tide model FES2026 : Loren Carrere et al.

10:00 - 10:15: EQT26: global ocean tide model derived from multi-mission satellite altimetry: Michael Hart-Davis
etal.

10:15 - 10:30: What can a regional coupled tide-surge high-resolution simulation bring to satellite altimetry
measurements?: Mathilde Cancet et al.

Wind and Waves (including CFOSAT)
Tue, Jun 23 2026, 11:00 - 12:30 - Studio Terrasse 2.1.A

11:00 - 11:15: Leveraging Delay-Doppler altimetry for Enhanced Sea-State Characterization: Laetitia Rodet et al.
11:15 - 11:30: Surface wave field spectral properties at the global scale: a new data set from the
CFOSAT/SWIM: Jéréme Lebreton et al.

11:30 - 11:45: Extreme sea states and associated swells: peaky spectra in storms and properties of radiated
swell fields: Ardhuin Fabrice et al.

71314



OSTST abstracts’ book (2026-06-22)

11:45 - 12:00: Validating CFOSAT/SWIM wave spectra using North Atlantic buoys: from calm seas to storms:
Charikleia L.G. Oikonomou et al.

12:00 - 12:15: Joint Forward-Backward and Directional Ambiguity Resolving Deep-Learning Model For Wave
Spectra Retrieval From CFOSAT SWIM: Parth Tripathi et al.

12:15 - 12:30: Long-term improvement of ocean—wave coupling using CFOSAT directional wave data: A focus
on the Southern Ocean and marginal ice zones: Lotfi Aouf et al.

Workshop on the Sentinel-6 Next Generation’s orbit
Wed, Jun 24 2026, 14:00 - 18:00 - Studio Terrasse 2.1.B

14:00 - 14:20: Preliminary results on the ESA-supported S6NG orbital study (ORBITAS): Michael Ablain et al.
14:20 - 14:40: Selection of alternative orbits for S6NG in the context of ORBITAS study: Loren Carrere et al.
14:40 - 15:00: Quantifying mean sea level inter-mission offset uncertainties for different SGNG orbit scenarios :
Noémie Lalau et al.

15:00 - 15:20: Investigating differential POD related effects on Jason 3 and Sentinel 3: Victor Quet et al.
15:20 - 15:40: Mean sea level stability uncertainties due to environmental corrections in the context of SGNG
alternative orbits (ORBITAS): Loren Carrere et al.

16:20 - 16:40: Quantifying oceanic variability sampling effects in SBNG sea level rise stability uncertainty for
various orbit scenarios: Noémie Lalau et al.

16:40 - 17:00: Arctic contribution to GMSL trends and uncertainties : Mangini Fabio et al.

17:00 - 17:20: In Situ Verification of the Satellite Radar Altimeter Record: Unified Results from Dedicated
Monitoring Sites: Pascal Bonnefond et al.

17:20 - 17:40: Assessment of the Sea Level Rise Stability Uncertainty Budget of Non-Reference Altimetry
Missions: Louis Kern et al.

Poster

Application development for Operations
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

AP02026_001: A Study of NOAA Operational Ocean Heat Content Product Users and Their Needs: Deirdre
Byrne et al.

AP02026_002: NOAA’s Jason Products and current Jason-3 NOAA Near Realtime Ground Processing System
2026: David Donahue et al.

AP02026_003: Jason-3 Near-Real Time Products Latency and Availability from 1 November 2025 to 31 May
2026: David Donahue et al.

AP02026_004: Operational monitoring of Sentinel altimetry and radiometry products at EUMETSAT: Flavia Lenti
etal.

AP02026_005: The Global Water Measurements: Lakes, Reservoirs, Wetlands. and Rivers Monitoring for
Hazard Observation. Resource and Environmental Management: Martina Ricko et al.

AP02026_006: Reconstructing riverine outflow from remotely sensed data: David Trossman

APO2026_007: ASSESSING THE IMPACT OF ASSIMILATING HIGH-RESOLUTION SLA FIELDS (SWOT)
INTO MOVE/MRI.COM- JPN: Hiroaki Asai et al.

Characterizing and Quantifying Uncertainties in Altimetry data
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

ERR2026_001: Assessing opportunities of SWOT WSE retrievals for monitoring karst-influenced surface water
dynamics in Bruce Peninsula National Park: Ethan Parker et al.

ERR2026_002: Ocean wave groups and noise in sea level measurements: from nadir altimetry to swath
altimetry: Ardhuin Fabrice et al.

ERR2026_003: Inferring Altimetry Data Uncertainty from ECCO Ocean State Estimates: Ou Wang et al.
ERR2026_004: Evidence for geographically correlated errors in inter-mission biases: Victor Quet et al.
ERR2026_005: SWOT Cal/Val in the Argentine Continental Shelf: Sebastian Cornejo-Guzman et al.
ERR2026_006: Automatic altimeter track evaluation in DASH1: James Carton et al.

Coastal Altimetry
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Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B
Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

COA2026_001: Combining coastal altimetry and hydrodynamic modelling for enhanced extreme water level
modelling in support of urban flood forecasting: Bjorn Backeberg et al.

COA2026_002: A Multiplatform Approach to Explore Sentinel-6-MF LRM and SAR Measurements at Different
Temporal and Spatial Scales: Mathilde Cancet et al.

COA2026_003: Circulation and wind-processes in the Yaganes area: Juan Cruz Carbajal et al.

COA2026_004: SWOT KaRlIn in Coastal areas: performance assessment and opportunities for improvement:
Aurélien Deniau et al.

COA2026_005: OpenADB: DGFI-TUM's Open Altimeter Database and Its Enhanced Focus on the Coastal Zone:
Denise Dettmering et al.

COA2026_006: An OSM-Based Land-Sea Mask and Distance-to-Coast Product for Coastal Altimetry
Applications: Pablo Garcia et al.

COA2026_007: Assessing the impacts of SWOT and CFOSAT wave data assimilation on the wave run-up at the
French Southern Atlantic coast: Wagner L. L. Costa et al.

COA2026_008: X-TRACK/L2P: A Long-Term Dataset from 14 Altimetric Missions Observing the Sea Level in

Coastal Zones: Fabien Leger et al.

etak

COA2026_010: Towards a spatially dense estimate of Significant Wave Height in coastal zones by benefiting
from Fully-Focused SAR Altimetry (FF-SAR) and ship-based GNSS measurements: Insights from the SWASCH
project: Tourian Mohammad J. et al.

COA2026_011: Assessing Coral Reef Wave Attenuation Using Satellite Altimetry: A Global Remote Sensing
Approach: Marcello Passaro et al.

COA2026_012: Relative contributions of waves and altimetric sea levels to global coastal sea level changes over
past three decades: Fukai Peng et al.

COA2026_013: US Coastal Flood Observations in the SWOT Era and the Role of Mesoscale Sea Level
Anomalies near the Hawaiian Islands: Angelica Rodriguez et al.

COA2026_014: Coastal Significant Wave Height Gradients from SWOT and Sentinel-6: Giulia Tafuni et al.
COA2026_015: Observing tides in coastal rivers from wide-swath altimetry: Michael Hart-Davis et al.

Instrument Processing: Measurement and Retracking
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

IPM2026_001: A Deep Learning Stacked-Waveform Retracker for Sentinel-3 and Sentinel-6 SAR Altimetry with
Cross-Mission Calibration in the Eastern Mediterranean: Nikos Flokos et al.

IPM2026_002: CRISTAL Global Ocean Data Products : Level-1 Algorithm Specifications and Test Data Set
Generation: Albert Garcia-Mondejar et al.

IPM2026_003: New featuresin the SPP chain for improving ocean characterization from Sentinel-3 and Sentinel-
6 mission data : Oriane Gassot et al.

Instrument Processing: Propagation, Wind Speed and Sea State Bias
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

IPC2026_001: Improving Sea State Bias Corrections for Envisat Altimetry within the FDR4ALT Reprocessing
Framework: Ngan Tran et al.

IPC2026_002: Consistent sigma0 records across multiple missions: Implications for Wind Speed records:
Graham Quartly et al.

IPC2026_003: A Decade of Sentinel 3 Microwave Radiometer Monitoring: Ensuring Long Term Quality of Wet
Tropospheric Corrections: Héléne Roinard et al.

Others
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
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Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

OTH2026_001: Contribution of oceans to global Earth’s dynamics: Robin Paniagua et al.
OTH2026_002: Uncertainty modeling and performance analysis of a multi-frequency altimeter for the Next-
Generation Sentinel-6 mission: Alba Granados et al.

Outreach, Education and Altimetric Data Services
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

0DS2026_001: CTOH studies for extending the range of altimetry applications over the ocean and continental
surfaces: Fabien Blarel et al.

0ODS2026_002: Still improving the ERS-1, ERS-2 and ENVISAT altimeter and radiometer historical datasets:
Towards a new version of the FDR4ALT products : Emeline Cadier et al.

0ODS2026_003: Aviso-Calval : A Dedicated calval visualisation portal to explore new SWOT and CFOSAT
products within Ocean Virtual Lab multi-modal context.: Lucile Gaultier et al.

0ODS2026_004: CNES AVISO tools and services for satellite altimetry applications: Cyril Germineaud et al.
0ODS2026_005: CTOH Coastal Altimetry Products: From Legacy 1 Hz Altimetry Product to a Virtual Station
Network: Fabien Leger et al.

0ODS2026_006: Recent developments in user support and training materials for EUMETSAT Altimetry Missions:
Ben Loveday et al.

0ODS2026_007: Copernicus Altimetry Products Performance Reporting: Transparency. Monitoring. and User
Feedback: Carolina Nogueira Loddo et al.

0ODS2026_008: A Unified Framework for Next-Generation Sea Surface Height Mapping: Cimarron Wortham et al.
0ODS2026_009: NASA-SSH: A Suite of New Sea Level Products from NASA: Josh Willis et al.

Precision Orbit Determination
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

POD2026_001: SWOT orbit: parameters, standard and modelling updates: Suzanne Blondel et al.
POD2026_002: GPS-Based Precise Orbit Determination of the SWOT Satellite Three Years After Launch:
Shailen Desai et al.

POD2026_003: International Combination Service for Time-Variable Gravity Fields (COST-G) — Overview of
Current Activities and Future Perspectives: Adrian Jaggi et al.

POD2026_004: Sentinel-6 radiation modelling for POD based on 3-D CAD model: Sonia Lara Espinosa et al.
POD2026_005: SLR long-term range biases for non spherical LEOs: Ulrich Meyer et al.

POD2026_006: Copernicus POD Service: S6B operational status and preliminary results: Carlos Fernandez
Martin et al.

Regional and Global CAL/VAL for Assembling a Climate Data Record
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

CVL2026_001: Updates from the Harvest Experiment: New Results for the Sentinel-6 Missions: Bruce Haines et
al.

CVL2026_002: Precision GNSS Buoys for Complementing Cal/Val at Harvest : Andy Wu et al.

CVL2026_003: A Calibration/Validation review of nadir altimeters’ missions at the Corsica facilities: Pascal
Bonnefond et al.

CVL2026_004: Recent results of SWOT wide swath altimetry at the Corsica facilities: Pascal Bonnefond et al.
CVL2026_005: Updated in situ validation results of satellite altimetry from the Bass Strait facility: Christopher
Watson et al.

CVL2026_006: SWOT Validation Against Tide Gauge Observations in the Belt Sea: Saskia Esselborn et al.
CVL2026_007: Sea Level Stability Monitoring from the NOAA : Eric Leuliette et al.

CVL2026_008: The Permanent Service for Mean Sea Level’s (PSMSL) global mean sea level dataset : Chanmi
Kim et al.

CVL2026_009: CryoSat long-term ocean data analysis and validation: assessing the Baseline-D ocean product:
Marc Naeije et al.

CVL2026_010: Global Ocean Data Quality Assessment of SARAL/AltiKa‘'s GDR products : Sabine Philipps et al.
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CVL2026_011: Assessment of JPL and GSFC orbits for Sea Level Anomaly of TOPEX, Jason, Sentinel-6
missions : Sabine Philipps et al.

CVL2026_012: Global Ocean Data Quality Assessment of Jason-3's GDR products: Benjamin Flamant et al.
CVL2026_013: Improving the small waves measurements over Jason-3 mission: Benjamin Flamant et al.
CVL2026_014: Latest evolution of Sentinel-3 baseline collection 006: performance assessment over open
ocean : Lucia Rinchiuso et al.

CVL2026_015: Sentinel-3 Next Generation Topography Mission Performance and Uncertainty Assessment
(S3NGT-MPUA) : Noémie Lalau et al.

CVL2026_016: Toward More Reliable Long-Term model lonospheric Corrections for Sea Level Altimetry : Cecile
Kocha et al.

CVL2026_017: Assessing the use of on-board calibration to unbias the sigma0 estimated by Jason-1, Jason-2
and Jason-3 missions on SSB and GMSL.: Victor Quet et al.

CVL2026_018: A comparison of Sea State CCI Sentinel-1 wave products to SWOT wave data : lan Dougal
Lichtman et al.

CVL2026_019: Refined altimeter calibration reveals stronger trends in global wave climate: Guillaume Dodet et
al.

CVL2026_020: The AdaC (Adaptive Campaign) service: a near-real-time analysis of multi satellite products to
support in situ sampling strategies during oceanographic cruises.: Louise Rousselet

CVL2026_022: Assessment of the Sentinel-6 extension to the TOPEX/Jason Sea Surface Height Climate Data
Record: Brian Beckley et al.

CVL2026_023: Sentinel-6 MF : GO1 Reprocessing Calval Assessment: Frangois Bignalet-Cazalet et al.

Science I: Quantifying and Understanding Regional and Global Sea Level variability,
trend and acceleration
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

SC12026_001: Investigating the Mechanisms of Sea Level Change Using 30+ Years of Satellite Altimetry and
the ECCO Ocean State Estimate: Ichiro Fukumori et al.

SC12026_002: Exploring the Impact of Thermosteric Sea Level Rise and Oceanographic Regime Changes in the
Northern Bay of Bengal: A 30-Year Satellite Altimetry and Climate Study (1993—2023): Rafiqul Alam Imtiaj et al.
SC12026_003: Applications of Satellite Altimetry for Climate Monitoring and Water Resource Management in
East Africa: Haitham Khogly

SC12026_004: Ocean mass changes from the lower degree harmonics of the GRACE/GFO monthly gravity
fields: Per Knudsen et al.

SC12026_005: Which are the drivers of the sea level anomaly trends in the Southwestern Atlantic Continental
Shelf?: Laura Ruiz Etcheverry et al.

SC12026_006: Integrating Internal Climate Variability Into Coastal Adaptation Pathways : Philip Thompson et al.
SC12026_007: Accounting for shelf-width in selecting altimetry observations for estimating coastal sea level
changes improves its agreement with tide gauges: Bramha Dutt Vishwakarma et al.

Science lll: Mesoscale and sub-mesoscale oceanography
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

SC32026_001: New Monitoring Capabilities for High-Frequency Coastally Trapped Waves from Satellite
Altimetry: Marcello Passaro et al.

SC32026_002: Coastal sea level and current variability off the eastern Newfoundland coast from SWOT daily
measurements: Guogi Han et al.

SC32026_003: Machine Learning—Based Detection of Mesoscale and Submesoscale Ocean Fronts in the Gulf
of Mexico Using Altimetry: Subrahmanyam Bulusu et al.

SC32026_004: Cross-frontal exchanges driven by a Polar Front eddy dipole in the ACC from SWOT, in situ
observations, and high-resolution modelling: Yann-Treden Tranchant et al.

SC32026_005: SWOT as a tool to evaluate pathway of ocean heat to Antarctic continental shelf and into ice
shelf cavities.: Benoit Legresy et al.

SC32026_006: Capturing shelf-open ocean water exchanges through Lagrangian experiment on the northern
Patagonia continental shelf: Laura Ruiz Etcheverry et al.

SC32026_007: New Description of the Fine scale dynamics around Fernando de Noronha and Rocas Atoll
provided by SWOT: Diogenes Fontenele Passos et al.
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SC32026_008: The ESA Freshwater for Biology (FRESH4BIO) project — High-resolution eddy monitoring in the
East Greenland Current: Ole Baltazar Andersen et al.
SC32026_009: MUNSTER Eddy Tracking and its Applications for Biogeochemical Analysis in Response to Gulf

Hurricanes: Heather Roman-Stork
SC32026_010: META4-Networks: a new mesoscale eddy network atlas derived from altimetry: Juliette Gamot et
al.

Science IV: Altimetry for Cryosphere and Hydrological Studies
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

SC42026_001: High-Latitude Lake and River Dynamics: Charon Birkett et al.

SC42026_002: Defining the Measurand for the Arctic Freshwater Budget: A Metrological Approach within
ArcFresh : Emma Woolliams et al.

SC42026_003: A better eye on polar oceans: enhanced Sentinel-3 performance with the new Baseline Collection
BCO006 : Lucia Rinchiuso et al.

SC42026_004: Sensitivity of Modeled CryoSat-2 Waveforms to Meter-Scale Topography of the Arctic Sea Ice:
Shiming Xu

SC42026_005: Exploring sea ice drift and concentration using SWOT HR data: Margaux Rivollet et al.
SC42026_006: Overview of CRISTALair’s Functional Flight Campaign Data: Valeria Gracheva et al.
SC42026_007: CRISTALair: calibration approach and performances achieved during qualification flights: Clara
Colet Diaz et al.

SC42026_008: CRISTALair: the airborne demonstrator for the future CRISTAL mission: Ferran Gibert et al.
SC42026_009: The laser scanner onboard CRISTALair: calibration and flight demonstration: Bernat Descalzi
Marron et al.

SC42026_010: CryoSat mission status: products, science. and future evolutions: Michele Scagliola et al.
SC42026_011: On the benefits of SWOT PIXC products and flags for lakes monitoring: Pierre Fabry et al.
SC42026_012: Radiometer and altimeter synergies onboard Sentinel-3: neural network approaches to estimate
Sea Ice Concentration and Snow Depth accurately: Alexis Saint Georges-Chaumet et al.

SC42026_013: Enhancing ice sheet topography retrieval from LRM and SAR altimetry using facet-based
numerical simulation: Jérémie Aublanc et al.

SC42026_014: Systematic error correction (and associated uncertainties) for wide swath altimetry: the nuts and
bolts of SWOT KaRlIn's crossover calibration: Etienne Jussiau et al.

SC42026_015: SWOT KaRlIn Sea Ice Detection Across Resolutions: Francesco Nencioli et al.

SC42026_016: Sentinel-3 Global Ocean Products - Improvements for Polar Ocean: Bruno Lucas et al.
SC42026_017: Sea ice gridded products from SWOT using a variational reconstruction framework: Sammy
Metref et al.

SC42026_018: Comparing drone-based altimetry measurements against SWOT and Sentinel 6 Fully Focused
SAR data: Lucas Lopez et al.

SC42026_019: Measurements of Dynamic Ocean Topography in Seasonally Ice-Covered Waters with Release 7
ATL12, Release 4 ATL19, and Release 2 ATL23: James Morison et al.

Synergies between Argo, GRACE and Altimetry
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

ARG2026_001: Arctic sea-level budget assessment : Fabio Mangini et al.

ARG2026_002: Reconstruction of temperature and salinity profiles in the Northwestern Pacific using satellite
SSH and ARGO float data: Osamu Isoguchi et al.

ARG2026_003: First Assessment of Steric Height in Southwestern Atlantic Mesoscale Structures: Integrating In
Situ Observations, Satellite Altimetry, and Ocean Reanalysis: Melina M Martinez et al.

The Geoid, Mean Sea Surfaces and Mean Dynamic Topography
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B
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GEO02026_001: Assessing the impact of assimilating a new Mean Dynamic Topography in the Copernicus
Marine Service global 1/12° analysis and forecasting system: Mounir Benkiran et al.

GEO02026_002: Deep Argo improves the accuracy and resolution of ocean bathymetry: Nathalie Zilberman et al.
GEO02026_003: The mean dynamic topography model DTU26MDT: Per Knudsen et al.

GEO02026_004: Towards the next mean dynamic topography combination model DTUUH26MDT: Per Knudsen
etal.

Tides, internal tides and high-frequency processes
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

TID2026_001: Tides and Hazards in Greenland — The EO4Hazard project: Ole Baltazar Andersen et al.
TID2026_002: A High-Resolution Tiled Framework for Global Tidal Hydrodynamic Modeling: Cheryl Ann Blain et
al.

TID2026_003: Improvement of the Dynamic Atmospheric Correction though resolution increase and tidal
coupling: Loren Carrere et al.

TID2026_004: Use of new baroclinic tide models to improve the correction of internal tides in SWOT and nadir
altimeter data: Loren Carrere et al.

TID2026_005: Tide gauges to inform global ocean tide models: Michael Hart-Davis et al.

TID2026_006: Beach-scale tidal variations observed from satellite-derived shoreline time series: Michael Hart-
Dauvis et al.

TID2026_007: Lunar recession is likely affected by the warming of the Earth’s oceans: Plombat Hugo et al.
TID2026_008: Local tides in coastal areas determined by repeated GNSS observations on ferryboats: Kaoru
Ichikawa et al.

TID2026_009: Altimetry-derived ocean tides in the Arctic: a Foxe Basin case study: Thomas Monahan et al.
TID2026_010: Large tidal changes in the Yellow and East China Seas: altimeter observations and ocean model
simulations: Richard Ray et al.

TID2026_011: The 18.6-year lunar nodal cycle in internal tides: Zhongxiang Zhao et al.

TID2026_012: Towards the next-generation global barotropic tide model FES: improvements in polar and coastal
regions: Chafih Skandrani et al.

Wind and Waves (including CFOSAT)
Mon, Jun 22 2026, 18:00 - 19:30 - Terrassensaal A+B

Wed, Jun 24 2026, 11:00 - 12:30 - Terrassensaal A+B
Thu, Jun 25 2026, 14:00 - 15:45 - Terrassensaal A+B

CF02026_001: Joint assimilation of directional wave spectra from CFOSAT, Sentinel-1, and SWOT-L3:
improving forecasts of weather-driven long waves: Lotfi Aouf et al.

CF02026_002: Monitoring of world ocean swells using combined CFOSAT SWIM, Sentinel-1 and SWOT
Observations.: Fabrice Collard et al.

CF02026_003: From Waves to Oceans: Assessing the Impact of MEWAM wave forcing Data on Physical and
Biogeochemical Dynamics of GLO12 ocean system: Stéphane LAW CHUNE et al.

CF02026_004: Sentinel-3 updated Waves from the new "G62" baseline: Bruno Lucas et al.

CF02026_005: Advances in SWOT KaRin Level 3 Wind—Wave Processing: Multi Swell Spectrum Retrievals and
Swath SWH: Beatriz MOLERO et al.

CF02026_006: Evaluating the CMEMS multi-mission L4 spectral wave product during an extreme swell event:
the case of Storm Eddie (December 2024): Charikleia L.G. Oikonomou et al.

CF02026_007: On the reliability of historic sea state reference observations from global moored buoys using
recent long-term satellite observations produced by the ESA Sea State CCI consortium: Ben Timmermans et al.
CF02026_008: Impact of 2D CFOSat wave spectra assimilation on short-term sea state predictions in the wave
model WAM on regional scales: Riimeysa Yilmaz et al.
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Arctic Sea Ice - Where are we headed? Challenges
and opportunities of future polar observations

Christian Haas (University of Bremen & Alfred Wegener Institute, Bremerhaven, Germany)

Session: OSTST Opening Plenary Session
Presentation type: Keynote/invited

Abstract:

The area of sea ice in the Arctic continues to shrink, despite a recent pause in the decadal downward trend. In
order to better understand the underlying causes and processes, regional and high-resolution ice thickness
information is urgently required. However, despite numerous recent altimetric satellite missions including
CryoSat-2, AltiKa, IceSat-2, and Sentinel 3 ice thickness uncertainties are still large and regional or temporal
trends have not clearly emerged. This is due to the dependence of ice thickness retrievals on information about
snow thickness and snow and ice densities, as well as issues related to the large footprint of radar altimeters.
While upcoming missions like CRISTAL will provide novel snow thickness information, many of the other
uncertainties remain unaddressed. Here we review the need for better ice thickness information and summarize
recent observational results and the main sources of uncertainty. In addition, we present recent airborne and in-
situ validation initiatives that remain invaluable for better constraining satellite retrievals.

Corresponding author:

Christian Haas (University of Bremen & Alfred Wegener Institute, Bremerhaven, Germany), chaas@awi.de
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Global and regional sea level trend and acceleration
budgets from combining altimetry GRACE and Argo
observations within a joint inversion framework

Bernd Uebbing (University of Bonn, Germany); Johanna Hillebrand (University of Dusseldorf, Germany);
Melanie Schmidt (University of Diisseldorf, Germany); Christian Sohler (University of Cologne, Germany); Jlirgen
Kusche (University of Bonn, Germany)

Session: Science Keynotes Session
Presentation type: Keynote/invited

Abstract:

Sea level change as a direct impact of the changing climate is affecting the livelihood and economic development
for millions of people in the world’s coastal zones. Besides knowledge of the total sea level change, measured by
satellite altimetry or tide gauges, it is important to understand individual mass and steric contributions on global
and regional scales. Consequently, deriving accurate global and regional sea level budgets is of key interest for
understanding the underlying processes and aid in assessing future impacts of sea level rise.

Our global fingerprint inversion method allows to combine GRACE(-FO) gravity measurements, in-situ
temperature and salinity profiles from the Argo program and along-track satellite altimetry measurements in to
derive a joint estimate of individual mass and steric sea level contributions in a consistent manner. This includes
further separating ocean mass changes into contributions from the melting of land glaciers and the Greenland
and Antarctic ice-sheets as well as terrestrial hydrology effects and changes of the internal mass transport within
the ocean. The steric sea level contribution is further split into thermo- and halosteric contributions from the upper
700m of the ocean and below.

Here we present results for global and regional sea level budgets from our latest inversion update spanning
2002-04 till 2024-12. We look at the full time period and the commonly used 2005-01 till 2015-12 period. On
global scales for the latter we find a total sea level change of 3.18 mm/yr, consisting of a mass and steric
contributions of 1.94 mm/yr and 1.24 mm/yr, respectively, which closes the budget within 0.05 mm/yr. Besides
global results, we will present selected regional budgets, including the Bay of Bengal and the Baltic Sea, where
the former is dominated by steric sea level change and the latter by mass transport out of the Baltic and into the
North Sea. In addition, to the trend budget we will also provide corresponding acceleration budgets, where
preliminary results suggest that globally the overall acceleration in sea level change (~0.17 mm/yr2) is driven by
mass changes (63%) majorly caused by variations in terrestrial hydrology.

Corresponding author:

Bernd Uebbing (University of Bonn, Germany), uebbing@geod.uni-bonn.de
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Impacts of the Madden-Julian Oscillation on Marine
Heatwaves and Compounding Sea Level Extremes
over Global Oceans

Weiqging Han (The University of Colorado, United States); Dasenahalli Lingaraju Suhas (The University of
Colorado, United States)

Session: Science Keynotes Session
Presentation type: Keynote/invited

Abstract:

As the dominant mode of atmospheric intraseasonal variability in the tropical troposphere, the Madden-Julian
Oscillation (MJO) is associated with large-scale convection, surface wind and air—sea fluxes, affecting weather
and climate on regional and global scales via atmospheric teleconnection. How the MJOs influence global-scale
oceanic extremes, however, remains poorly understood. Here, by analyzing satellite observations (e.g., sea level,
sea surface temperature, surface wind and precipitation) in the past few decades, we present a global
assessment of MJO impacts on marine heatwaves (MHWSs), sea surface height extremes (HEXs), and the
Compounding Heat and Height Extremes (CHHEXs). We show that the MJO exerts substantial influences on
MHW events, extending well beyond the tropics to midlatitude coastal regions, including North America, Australia
and New Zealand, eastern Africa, and East Asia. The MJOs also affect HEXs, with the greatest impacts
concentrated in the tropical Indian and Pacific Oceans and along the Indochina coast. The greatest impact of the
MJO is felt when considering the CHHEXs, with occurrences increased by more than tenfold relative to their
climatology in many regions, including the US East Coast (USEC). While MJOs drive extreme precipitation, warm
SST anomalies from MJO-induced MHWs further amplify the risk of extreme rainfall, adding to the threat to
coastal communities. Over the past four decades, MJO impacts have intensified across much of the Indo-Pacific
Ocean, with one of the strongest increasing trends observed along the USEC. These findings underscore the
important role played by the MJO in driving oceanic extremes across the globe and highlight the need to examine
how these impacts may change under a changing climate. Given that the MJO prediction is skillful for 3-4 weeks,
these results offer an avenue to develop predictive models for oceanic extremes, helping to better prepare
coastal populations for these risks.

Corresponding author:

Weiging Han (The University of Colorado, United States), whan@colorado.edu
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The opportunities and challenges of SWOT in
advancing the study of the oceanic submesoscale
processes

Lee-Lueng Fu (Jet Propulsion Laboratory, United States)

Session: Science Keynotes Session
Presentation type: Keynote/invited

Abstract:

It has been demonstrated that SWOT has resolved sea surface height (SSH) signals at scales close to 1 km
without being compromised by the instrument white noise. At wavelengths less than 50 km, the SSH variance of
SWOT is significantly higher than that simulated by high-resolution models. Wavenumber spectral analysis
shows that the model simulations have steeper slopes than the SWOT observations, suggesting that the models
are probably missing elements of the submesocale dynamics, as well as other processes that contribute to the
excessive variance of SWOT observations. We don'’t yet have an optimal approach to separating the
submesoscale ocean circulation signals from other processes like internal waves, surface waves, and
atmospheric effects. In the meantime, significant progress has been made in addressing the mission goals of
submesoscale dynamics by studies of vorticity, divergence, and vertical velocity from SSH. Another challenge is
to mitigate the poor temporal sampling of SWOT by considering the use of multiple satellite observations via data
assimilation and machine learning. This presentation will briefly review the progress and challenges of SWOT in
advancing the submesoscale dynamics.

Corresponding author:

Lee-Lueng Fu (Jet Propulsion Laboratory, United States), lIf@jpl.nasa.gov
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Lake Ice Thickness from Radar Altimetry: new multi-
mission data, perspectives for Cristal and toward
Sea Ilce

Anna Mangilli (CLS, France); Kassem Asfour (CLS, France); Claude Duguay (University of Waterloo and
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Abstract:

Lake Ice Thickness (LIT) is a key climate indicator identified as an Essential Climate Variable (ECV) by the
Global Climate Observing System (GCOS). However, LIT monitoring remains sparse in both space and time due
to the limited availability of in situ measurements. Radar altimetry provides a unique opportunity to bridge this
gap, enabling long-term LIT records essential for climate monitoring.

LIT leaves characteristic signatures in Ku-band radar waveforms due to the double backscattering of the radar
waves at the snow—ice and ice—water interfaces. In Low-Resolution Mode (LRM) waveforms, this appears as a
“step” in the leading edge, while in Synthetic Aperture Radar (SAR) waveforms as a double-peak structure. The
step width (LRM) or peak separation (SAR) is directly related to ice thickness. Recent analytically based
retracking approaches exploiting these features have shown that LIT can be accurately retrieved from both LRM
and SAR Ku band waveforms, including unfocused (UF) and fully focused (FF) SAR (Mangilli et al., 2022;
Mangilli et al., 2024).

In this presentation, we show new long-term LIT time series derived from radar altimetry for selected lakes in the
cryosphere, as included in the latest ESA cci_lakes project data release. We describe the statistical analysis and
validation approaches applied across lakes with varying bathymetry, snow cover, and ice conditions. We also
present recent improvements in LIT retrievals from current SAR altimetry missions, highlighting results obtained
with high-resolution UF and FF Sentinel-6 and Sentinel-3 data. In addition, we present preliminary assessments
of LIT retrieval performance and dual-band Ku—Ka snow depth measurements for the ESA’s future CRISTAL
mission. These results have been obtained within the ESA CLEV2ER and InProva projects.

Finally, we explore the transferability of the LIT retrieval methodology beyond lake environments. In particular, we
examine whether similar waveform signatures could be found over sea ice, especially at lower radar frequencies.
While Ka-band signals typically interact with the air—snow interface and Ku-band signals penetrate partially into
the sea ice, C-band radar may penetrate deeper and potentially reach the ice—water interface. If so, step-like
(LRM) or double-peak (SAR) signatures analogous to those observed over lakes could emerge over sea ice.
Preliminary results obtained with Ku-band and C-band data of Sentinel-3 and HY2B missions are presented. If
confirmed and consolidated this approach could open new avenues for direct ice thickness retrieval over sea ice.
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Abstract:

EUMETSAT/NASA/ESA/NOAA/CNES program status
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Abstract:

CNES SARAL project manager will give a mission operations status for SARAL/ALtika mission.

SARAL is still performing its mission for the 13th year, with very good measurement performances.

The last Mission extension review agreed to continue the mission for three years with a confirmation from both
agencies (CNES and ISRO) at each Mission exploitation Review (REVEX) on a yearly basis.

The presentation will give an up-to-date status focusing on mission performances impact analysis of a possible
new decreased orbit. This new orbit topic has been suggested by ISRO during last 2025 REVEX. The impact
study analyzed ALtika, Argos and Doris instruments , POE and MOE processes, ground segment procedures
and mission interruption period.

This impact analysis will be presented at the next Mission exploitation review planned in June 2026.
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Abstract:

CNES will present a synthesis of the status of Jason-3 mission. Jason-3 is currently orbiting for the 10th year,
with still excellent measurement performances, and sufficient redundancies. After 6 months in tandem phase with
Sentinel 6-MF, the spacecraft has been moved in June 2025 on a geodetic orbit at 1309km altitude (so called
LRO), identical to the one previously used for the Jason-2 end of life. The mission has been extended until end of
2027. The latency and availability performance of the products is still excellent, and the GDR-G reprocessing is
ongoing.
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Abstract:

After seven years in orbit, CFOSAT satellite has provided a unique dataset of wind and wave information.

In a first part, the presentation give the status of the mission. Then we focus on the information provided by
SWIM over the time series, their quality, and some main outcomes based on those data. Main evolutions
preformed and to come are described, and a new set of parameters derived from wave spectrum is introduced.
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Abstract:

SWOT joint NASA-JPL/CNES mission was launched on Dec. 16th, 2022, and keeps on operating successfully,
improving continuously its performance. CNES has confirmed mission extension until the end of year 2029, and
NASA is undergoing its own extension process.

Version D of the products has been released in May 2025, and the bulk reprocessing from mission start is
finished. The next version (E) of the products is under preparation.

The products performance over ocean is stable, and the hydrology products have reached a satisfactory status
with the D version.

Many application fields have been presented in publications, and are being investigated : ocean and land ice,
coastal altimetry...
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Abstract:

The Copernicus Programme, being Europe’s Earth Observation and Monitoring Programme led by the European
Union, aims to provide, on a sustainable basis, reliable and timely services related to environmental and security
issues. The Sentinel-3 mission forms part of the Copernicus Space Component. Its main objectives are to
measure water-surface topography, sea surface temperature, ocean surface color, as well as inland water
surface height, sea-ice thickness, and land ice surface measurement, in support of ocean forecasting systems,
and for environmental and climate monitoring.

The series of Sentinel-3 satellites ensures global, frequent, and near-real-time ocean, ice, sea-ice, and inland
water monitoring, with the provision of observation data in a routine, long-term and continuous fashion, with a
consistent quality and a high level of reliability and availability.

The Copernicus Sentinel-3 (S3) mission is today flying in constellation following the successful launch of the S3B
satellite (April 2018) and associated commissioning phase. The first satellite, S3A, was launched in February
2016 and is nominally operated in routine phase since October 2017 along now with S3B, this latter being 140°
ahead of S3A on the same orbit plane.

The Sentinel-3 mission is jointly operated by ESA and EUMETSAT. ESA is responsible for the operations,
maintenance and evolution of the Sentinel-3 ground segment on “LAND” (Inland Waters, Land Ice, Sea Ice) and
NTC atmospheric related products and EUMETSAT for the MARINE (Open Ocean, Polar Ocean and Coastal)
and NRT atmospheric products.

This paper aims at presenting an overview of the S3 mission, with a focus on the Surface Topography Mission
(STM) products, their associated performances, and an outlook.
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Abstract:

The Sentinel-6 Mission is currently well into its fifth operational year. After the launch of Sentinel-6 Michael
Freilich (S6MF) in November 2020 followed by a 14-month period of commissioning, assessing both the Side-A
and Side-B of the Poseidon 4 altimeter were assessed, while in tandem with Jason-3. Calibrating both the
nominal and redundant side of the altimeter was a lesson-learned from TOPEX/Poseidon: in case of a failure or
underperformance of the operating side, it is essential that the remaining side would be fully characterised and
calibrated.

This procedure has been taken up in the commissioning of Sentinel-6B, launched in November 2025, as well,
though in a much tighter schedule. Sentinel-6B (S6B) currently flies in tandem with S6MF and is planned to
become operational by the end of 2026. After that, S6MF will be moved to the interleaved ground track, just as
Jason-3 previously did. This will enhance the spatio-temporal coverages of the two satellites for years to come.

Prior to the S6B launch, Jason-3 met up with S6MF for a second tandem, to better assess the uncertainties in the
cross-calibration technique. Results of this will be presented elsewhere during this meeting.

Meanwhile, both S6MF and S6B are performing very well and within requirements. To keep the quality and
content of the user data products aligned with user wishes and published research, EUMETSAT regularly
implements updates to the processing software. The Processing Baseline GO1, in operation since 8 April 2025,
implemented the so-called GDR-G standards with modern geophysical corrections. A Baseline G02 is already
planned to be in operation early 2027. Of course, to keep a consistent data set during the entire mission, a full-
mission reprocessing with Baseline GO1 was conducted as well in Q4 2025 and a reprocessing of all S6B
commissioning data is a planned to be completed early 2027.

This presentation will provide an overview of the mission performance, mission planning, mission highlights,
processing updates, and outlook.
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Abstract:

The Copernicus Sentinel-6 mission continues in the series of ocean altimetry missions that have established an
uninterrupted record of critical Global Mean Sea Level observations that started with TOPEX/Poseidon in 1992.
Until they are again surpassed by their follow-ons, the two satellites Sentinel-6 Michael Freilich and Sentinel-6B
provide a reference for cross-calibrating other altimetry missions under the CEOS Ocean Surface Topography
Virtual constellation, in order to further consolidate the value of altimetry for climate monitoring.

In parallel, the Copernicus Sentinel-3 mission has brought increased resolution and additional coverage, which
proved essential in further consolidating the value of altimetry mission products for society by demonstrating its
benefits for weather and ocean operational forecasting in an Earth System modelling context. The Sentinel-3
surface topography mission scope extends into the 2030 decade and has furthermore opened the door to the
development of a wide range of specific products in coastal areas, polar oceans and inland water management,
which are reaching out more and more user communities in the orbit of the EUMETSAT and Copernicus
services.

EUMETSAT is putting in place an Altimetry Programme that will cover the continuation of altimeter data products
in open ocean, coastal areas, polar seas, and large lakes beyond the lifetime of the Sentinel-3 and Sentinel-6
missions, exploiting the Sentinel-6 Next Generation and Sentinel-3 Next Generation Topography (S3NG-T)
satellites, to be launched between 2034 and 2037. The driving force for these missions it to provide enhanced
continuity of the user products, that means, provide very similar nadir altimeter data products with measurement
performance at least equivalent to the current missions, plus further extending their spatio-temporal coverage to
50 km every 5 days with altimeter products from the S3NG-T swath capability.

Beyond the EUMETSAT Altimetry Programme, EUMETSAT will be producing marine data products for the
CRISTAL mission, that will continue —with improved precision— the products now provided for CryoSat-2.
Meanwhile, EUMETSAT continues to contribute to the provision of Near Realtime Jason-3 and SARAL/AltiKa
data.

With the experience that EUMETSAT built over the last years with designing, maintaining, improving, and
operating the processing chain for Sentinel-3 and Sentinel-6, the users can expect a seamless continuation and
interoperability of the product formats, availability, and data provision from the current missions into their next
generations.

This presentation provides an outlook of the EUMETSAT Altimeter Programme and associated missions and
services for the period up to the 2050s.
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Abstract:

Within the expansion of the European Copernicus Sentinel Constellation, the Copernicus polaR Ice and Snow
Topography ALtimeter (CRISTAL) mission is being developed to address the need for sustained operational
monitoring of the polar regions. CRISTAL will operate up to 88° latitude, ensuring near-complete coverage of the
Arctic Ocean and the Antarctic ice sheet, and will provide continuity and enhancement of SAR-mode altimetry
observations over the cryosphere, building on the heritage of the CryoSat mission.

CRISTAL’s primary objectives are the measurement of sea ice thickness, snow depth over sea ice, and ice sheet
elevation. In addition, CRISTAL will provide valuable observations for oceanography and hydrology, including
global ocean topography and sea state (including polar seas), and applications related to coastal and inland
waters, snow cover and permafrost.

The mission payload includes the Interferometric Radar Altimeter for Ice and Snow (IRIS), a dual-frequency
Ku/Ka-band SAR altimeter with interferometric capability on the Ku channel, representing the first spaceborne
instrument of this kind. CRISTAL also carries the Advanced Microwave Radiometer (AMR CR), with a high-
resolution microwave radiometry subsystem, developed by NASA-JPL.

CRISTAL is co-funded by ESA and the European Union and consists of two satellites. The mission is progressing
through Phase D of implementation, with the first satellite, CRISTAL A, planned to be ready for launch by the end
of 2027. ESA is responsible for satellite development and operations, for the generation of operational
cryosphere and inland water products, and for integration within the Copernicus data management framework,
while EUMETSAT will generate operationally global ocean data products with continuity to the polar regions.

This contribution provides an update on the CRISTAL mission development status and presents the latest ESA
science and data support activities, including an overview of the expected Level 1 and Level 2 CRISTAL
hydro/cryo data portfolio, as well as the status and plans for the global ocean data products and activities by
EUMETSAT.
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Abstract:

The Sentinel-3 Next Generation Topography (S3NG-T) mission is being designed to ensure an enhanced
continuity of the Copernicus Sentinel-3 nadir-altimeter measurements in the 2030s-2040s timeframe, according
to user requirements coordinated by the European Commission (EC), and consolidated by the European Space
Agency (ESA) in coordination with EUMETSAT and the Mission Advisory Group (MAG), into the Mission
Requirements Document (MRD), [ESA, 2025].

Recognising the current constellation limitations in terms of temporal and spatial coverage, S3NG-T aims to
significantly upgrade global-scale altimeter sampling. Additionally, hydrology has been elevated as a primary
mission objective, introducing a new set of stringent requirements to the mission.

To achieve the sampling and revisit time requirements, ESA is designing the S3NG-T mission as a constellation
of two large spacecraft, embarking a nadir-looking synthetic aperture radar (a POS-4 like instrument) altimeter for
baseline continuity and an across-track interferometer swath altimeter (SAOOH). The baseline design is for the
two spacecrafts to fly in a sun-synchronous orbit (6pm local time ascending node (LTAN), at a mean orbital
height of 815 km, with an orbital phase difference of 140 deg, achieving an interleaved ground-track between
both satellites, and matching the Sentinel- 3A/3B ground tracks.

Featuring two continuous swaths of 50 km on each side of the track, with a 20 km gap around nadir, the S3NG-T
mission is expected to provide an almost complete coverage of the ocean every 5 days. There are two main
operational modes for the SAOOH instrument: a low-resolution (LR) mode, meant for open ocean and land ice;
and a high-resolution (HR) mode meant for coastal zones, sea ice, in-land water and land ice margins.

This presentation covers the essential elements of the space segment design considerations and overall SBNG-T
mission development status.

ESA (2025). Copernicus Sentinel-3 Next Generation Topography (S3NG-T) Mission Requirements Document
(MRD), Version 1.0, 15th October 2025. European Space Agency, Noordwijk, The Netherlands, ESA-EOPSM-
S3NG-MRD-3821, 327 pp. DOI: https://doi.org/10.5281/zenodo.17454428
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Abstract:

The European Space Agency (ESA), under directives the EU Council and European Parliament, has the
mandate to define “the overall system architecture for the Copernicus space component (CSC) and its evolution
on the basis of user requirements, coordinated by the Commission”. Following this rationale ESA, in close
interaction with the EC, EUMETSAT and Member States, has identified the Sentinel-3 Next Generation
Topography (S3NG-T) and Sentinel-6 Next Generation (S6NG) missions as critical components of the
Copernicus constellation.

The S6NG mission will provide the reference altimetry measurements for the 2030s in to the 2040s time frame,
providing enhanced continuity of the satellite altimetry geodetic data record for sea surface height, mean sea
level, waves and wind speed measurements, created through the reference altimeter missions, starting from
TOPEX/Poseidon, Jason-1, Jason-2, Jason-3, and now the current Copernicus Sentinel-6 mission.

Following the recent cancellation of Sentinel-6C, and in recognition by all partners of the critical importance of
maintaining the continuity of the reference altimeter sea-level geodetic data record, ESA, in close cooperation
with the European Commission and EUMETSAT, has established an accelerated procurement and development
plan for the SBNG mission, with the objective of minimising the risk of a potential data gap.

The key driver for the S6BNG missions is therefore, as mandated by the EC, to ensure the continuity of the data
record, and to provide enhanced continuity responding to evolving user requirements, bearing in mind the
question of affordability and the sustainability of the altimeter constellation. This presentation covers the essential
requirements, design considerations, planning and strategic perspectives for the future implementation of the
S6NG mission.

Corresponding author:
Alejandro Egido (European Space Agency, Netherlands), alejandro.egido@esa.int

30/314



OSTST abstracts’ book (2026-06-22)

CNES Altimetry Orbits with the Latest Standard
GDRG

Suzanne Blondel (CNES, France); John Moyard (CNES, France); Sabine Houry (CNES, France); Flavien
Mercier (CNES, France); Alexandre Couhert (CNES, France)

Session: Precision Orbit Determination
Presentation type: Oral

Abstract:

Eleven altimeter missions in Low Earth Orbit (LEO) are currently in flight, with the last satellite of this LEO
altimetry constellation, Sentinel-6B, successfully launched in November 2025. The CNES POD team is covering
orbit missions for Sentinel-3A and -3B, Sentinel-6A and -6B, SWOT, Jason-3, Saral, CryoSat, HY-2B, -2C, and -
2D. Ongoing work in 2025 and 2026 has focused on preparing and updating all missions to standard G, as well
as providing reprocessing for Sentinel-3A and -3B, Jason-3, and ongoing work for Jason-1, -2, and CryoSat.

This presentation will provide an overview of the current performance of CNES orbits, using either SLR
measurements or comparisons to other analysis centers when available. It is also an opportunity to discuss
ongoing research topics for further improvement of the orbits.
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Abstract:

The Copernicus Precise Orbit Determination (CPOD) Service delivers, as part of the Ground Segment of the
Copernicus Sentinel-1, -2, -3, and -6 missions, orbit products and auxiliary data files for the operational
generation of the science core products in the corresponding Production Services (PS) at ESA and EUMETSAT,
and to the external users through the Copernicus Data Space Ecosystem (https://dataspace.copernicus.eu/).

Recent developments in the CPOD Service have focused on improving the performance of short-time critical
(STC) products. In particular, ambiguity fixing based on integer ambiguity resolution using External GNSS
Provider (EGP) products has been introduced, improving the Sentinel-3 MOE solution. This enhancement
enables a significant improvement in orbit accuracy, reducing noise and improving orbit consistency with respect
to non-time critical solutions, as well as stability. Offline validation results for the S-3 MOE show improvements up
to ~20-30 % in radial accuracy.

These improvements have been implemented within an operational environment characterised by multiple
challenges, including satellite-specific events such as receiver switches on Sentinel-3A and -3B and strong
geomagnetic storms derived from high solar activity. The CPOD Service has demonstrated a high level of
robustness, ensuring continuity of operations and stable product quality despite such events.

This contribution presents the latest improvements in CPOD processing, with a focus on ambiguity fixing for STC
products, the integration of new missions, and the handling of operational challenges. The impact on orbit
performance and the implications for future service evolutions are discussed in this contribution.
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Abstract:

After the successful insertion of Sentinel-6B into the tandem orbit, NASA GSFC initiated routine processing of the
SLR and DORIS tracking data using the std2400 orbit standards (Lemoine et al., 2026). We report on the first
POD results for this satellite. Our initial POD results (without any adjustment for S6B-related tracking or
spacecraft macromodel-related parameters) yield SLR fits of 0.88 cm and RMS radial orbit differences with the
POEG orbits of 6.75 mm, compared to SLR fits of 0.71 cm and RMS radial orbit difference with the POEG orbits
of 5.9 mm for Sentinel-6A.

We also provide a status update of the std2400 orbits that we provide for Sentinel-6A and Jason-3 and
summarize the radial orbit accuracy for the different orbit series, including the legacy series (std2006_cs21), the
new orbits using the std2400 standards, the POEF and the POEG, and the jpl_igs20 orbits.

Finally we provide a perspective on any model improvements that we can implement in the Sentinel-6A or
Sentinel-6B processing.
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Abstract:

This presentation focuses on results from GPS-based Precise Orbit Determination (POD) for the Sentinel-6 B
mission. We examine the performance of various tracking metrics of the TriG receiver, which includes POD
performance in terms of orbit overlap differences and post-fit residuals. We also present results from the
evaluation of our GPS-based POD solutions using independent metrics such as withheld satellite laser ranging
data residuals and sea surface height residuals at locations where ascending and descending passes cross (i.e.,
crossover residuals). Preliminary results from S6B Trig POD solutions are already demonstrating sub-cm (RMS)
radial orbit accuracy as inferred from SLR residuals with 6.5 mm RMS. Finally, we examine the baseline between
the TriG and PODRIX receivers for Sentinel-6 B and make comparisons to Sentinel-6 MF.
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Abstract:

Sentinel-6b was launched on November 17, 2025. It is equipped with a DGXX-S generation DORIS receiver
running the DIODE real-time navigation software. The mission is still in the calibration phase, but onboard
navigation performance is already very good (~2.5 cm on the radial component compared to the precise orbits of
CNES (POE)). The tandem phase with Sentinel-6MF —it is 30 seconds ahead of the latter—allows observation of
the same DORIS beacons simultaneously on both missions and comparison of estimates of various local
(tropospheric bias, clock bias) or global phenomena (atmospheric drag, Earth's rotation pole). These
comparisons have shown that it is possible to optimize the DIODE navigator settings for Sentinel-6B but also for
Sentinel-6MF, thus improving real-time positioning performance. These optimizations will be proposed to both
projects for onboard upload in the near future. We propose to present these initial results here.

Keywords: DORIS, DIODE, Sentinel-6B
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Abstract:

Precise orbit determination (POD) is very important for altimetry satellites as any error maps to global mean sea-
level results. Time-variable gravity field information is one of the key elements to maintain the highest accuracy
levels in POD of Low Earth Orbiters (LEOs).

The COST-G (Combination Service for Time-variable Gravity fields) provides quarterly updated Fitted Signal
Models (FSMs) based on combined GRACE-FO monthly gravity fields for nearly five years now. The regular
updates of the FSMs trigger updates in the LEO POD processing as well. This is different to the usage of
classicial gravity field models, which are used for longer time spans.

This study aims to analyse the performance of the COST-G FSMs over the years with GNSS-based LEO POD
results. Since July 2023 the FSMs are operationally used in the Copernicus POD Service. The orbit results from
Copernicus Sentinel-3 and -6 satellites at different altitudes are, therefore, analysed and compared when using
different quarterly updated FSMs. The stability of the regularly updated models and the quality of the
extrapolation is evaluated. In addition, the orbit results based on COST-G FSMs are compared to orbit results
using other recent gravity field models with time-variable gravity field information, e.g. EIGEN-GRGS RLO05.
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Abstract:

Precise orbits of altimetry satellites are a prerequisite for the investigation of global, regional, and coastal sea
levels and their changes. Orbit accuracy depends on many factors, such as types of observations used,
observation quality, distribution of observations in time and space, observation weighting, proper corrections of
measurements, proper modeling of the shape and size of the satellite and optical properties of its surfaces
(macro-model), modeling of the satellite orientation in space, modeling of forces acting on the satellite, accurate
terrestrial and celestial reference frame realizations and the transformation between them, careful modeling of
geophysically caused displacements of tracking stations, and a proper parameter adjustment algorithm.

In this presentation, we present results of a few studies aimed to investigate and quantify the impact of some new
models and International Terrestrial Reference System (ITRS) realizations on orbits of altimetry satellites, as well
on altimetry (single- and multi-satellite) sea surface height crossover differences, radial errors, geographically
correlated mean errors, and their trends. We perform this analysis for some contemporary orbits of various
altimetry satellites. We also investigate the impact of different Earth’s mean time-variable gravity field models
developed in 2000-2023. Additionally, we show the impact of applying Satellite Laser Ranging (SLR) long-term
mean range biases, in particular the use of International Laser Ranging Service Data Handling File for
SLRF2020, in SLRF2020-based precise orbit determination (POD) of altimetry satellites. Finally, we provide
results on the impact of using various ITRS 2020 realizations and their updates on POD of altimetry satellites.
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Abstract:

The analysis of sea surface height measurements (SSHA) from satellite altimetry is limited by sparse and
irregular sampling in space and time. Here, we develop a machine learning (ML)-based reconstruction framework
for estimating continuous spatiotemporal SSHA from satellite altimetry observations. We apply the approach to
observations from the Surface Water and Ocean Topography (SWOT) mission, using Ka-Band Radar
Interferometer (KaRIn) Level-2 Low Rate (LR) oceanography products acquired during SWOT’s 21-day science
orbit. The reconstructed fields preserve large-scale structure while also recovering finer-scale variability.
Comparisons with independent satellite observations and tide gauges show that the recovered SSHA fields retain
the spatial and temporal signals in the original data while also providing improved temporal and spatial resolution
over more traditional optimally-interpolated gridded products. These results suggest that ML-based data
reconstruction can help bridge sampling gaps in both wide-swath and nadir altimetry and extend the utility of
altimeter observations for studying sea level variability.
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Abstract:

Satellite altimetry has fundamentally advanced our understanding of ocean circulation over more than three
decades, the so-called altimetry era. With the launch of the SWOT mission, the wide-swath altimetry concept has
ushered in a new phase, enabling two-dimensional mapping of the ocean surface at unprecedented spatial
resolution. This capability offers a unique opportunity to better constrain mesoscale variability. In this work, we
compare SWOT retrievals (e.g. L4 MIOST) with conventional nadir altimetry to assess how different altimetry
concepts represent the global mesoscale field. Focusing on eddy-induced spatial anomalies, we combine sea
surface topography and temperature observations at global scale. Several regions of interest, particularly
boundary currents and eddy-rich areas, were selected to investigate mesoscale contributions to ocean dynamics
and thermodynamics, including surface heat transport, by leveraging synergies across satellite sensors. Relative
to conventional altimetry maps, SWOT reveals highly non-linear eddies with significant impacts on eddy kinetic
energy and mesoscale sea-surface temperature variability. The detailed characterization of mesoscale features
(including eddy number, size, and polarity) is then used to design and train a machine-learning—based eddy
detection method. The performance of this approach, evaluated against a dynamics-based detection technique
applied to the same datasets, shows competitive skills in reconstructing eddy-induced anomalies in the global
ocean at a fraction of the computational time.
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Abstract:

Surface ocean kinetic energy is dominated by mesoscale variability associated with eddies. Eddies play a
fundamental role in ocean dynamics, influencing large-scale circulation, stratification, water mass formation, air—
sea interaction, and the ocean transport of heat. Although substantial progress has been made in recent years in
characterizing the properties of the mesoscale eddy field, many aspects of this phenomenon remain poorly
understood. One of them is how the intensity of the mesoscale eddy field—commonly quantified by eddy kinetic
energy (EKE)-varies on interannual and longer time scales, as well as what the underlying drivers of this
variability are.

In this study, more than 30 years of high-resolution satellite altimetry data from the Copernicus Marine
Environment Monitoring Service (CMEMS) are analyzed to classify mesoscale EKE variability into dominant
modes. The classification is carried out using Ward’s (1963) hierarchical clustering method. The results indicate
that the global ocean can be partitioned into several major subdomains, each characterized by similar temporal
variations in EKE. The four largest subdomains, which together account for more than half of the ocean surface,
exhibit remarkable robustness with respect to both the number of clusters specified in the analysis and the
definition of EKE. The resulting partitioning is also physically meaningful, as suggested by distinct correlations
between EKE variations and major climate indices. This analysis provides the first global map of interannual EKE
variability and its relationship to climate variability, which is discussed in detail.
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Abstract:

Observing the ocean’s kilometer-scale (i.e., submesoscale) surface currents has been a long-standing challenge,
with direct applications to weather and climate models, marine ecosystems, and navigation. We introduce
Geostationary Ocean Flow (GOFLOW), a deep learning framework that produces hourly, high-resolution velocity
fields from sequences of thermal imagery from geostationary satellites. Our approach directly measures the flow
without assuming geostrophic balance and inherently filters internal wave noise that contaminates state-of-the-art
satellite altimetry. Applying GOFLOW to the Gulf Stream, we provide the first satellite-based measurements of
submesoscale current statistics, revealing characteristic asymmetries in vorticity and divergence previously
documented only in high-resolution circulation models. This ability to routinely map the ocean’s energetic
submesoscale currents provides a transformative data source for advancing Earth system forecasting.
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Abstract:

Ocean mesoscale eddies manifest as anomalies in sea surface height (SSH) and sea surface temperature
(SST). Whereas SST primarily reflects surface conditions, SSH integrates density anomalies throughout the
water column, making the spatial coherence between sea surface height anomalies and sea surface temperature
anomalies (SSHA-SSTA correlation) a useful indicator of eddy vertical structure and related to horizontal eddy
heat transport. We examined this old problem from a new angle. By combining satellite observations, reanalysis
products, and a high-resolution simulation, we show that SSHA and SSTA are strongly correlated where the
large-scale SSH and SST fields are aligned, as measured by their intersection angle, ©. Globally, © explains
spatial variations in SSHA-SSTA correlation better than eddy kinetic energy. In contrast, regions with large ©,
indicating misalignment between large-scale SSH and SST fields, are hotspots for anomalous eddies, including
cold anticyclonic and warm cyclonic eddies (CAEs/WCEs).

We further find a robust global increase in SSHA-SSTA correlation over the altimetry era, accompanied by more
normal eddies and fewer CAEs/WCEs, likely associated with enhanced eddy activity and generally consistent
with declining ©. The global pattern and long-term increase in SSHA-SSTA correlation have important
implications for understanding eddy-driven heat transport and improving parameterizations that depend on both
the horizontal and vertical structure of the eddy field.

Corresponding author:
Minghai Huang (Texas A & M University, United States), minghaih@tamu.edu

42 /314



OSTST abstracts’ book (2026-06-22)

Training neural mappings and short-term forecasts
for global along-track altimetry data from
simulations

Thi-Thuy-Nga Nguyen (IMT Atlantique, France); Paul De-nailly (IMT Atlantique, France); Daniel Zhu (IMT
Atlantique, France); Daria Botvynko (IMT Atlantique, France); Cecile Anadon (CLS Group, France); Ronan Fablet
(IMT Atlantique, France)

Session: Science Ill: Mesoscale and sub-mesoscale oceanography
Presentation type: Oral

Abstract:

Reconstructing global sea level anomaly (SLA) fields from sparse satellite altimetry observations remains a major
challenge for ocean monitoring. While recent deep learning approaches have demonstrated state-of-the-art
performance, they typically rely on training from real altimetry data. In this work, we investigate whether neural
mapping and short-term forecasting models trained solely on simulated datasets, here derived from the Glorys12
reanalysis, can generalize to real altimetry observations and reach competitive performance at the global scale.

We benchmark state-of-the-art end-to-end neural architectures, namely U-Net and 4DVarNet baselines. Models
are trained on simulated altimetry observations derived from Glorys12 and evaluated exclusively on real altimetry
data using a standard global mapping benchmark. Performances are assessed through RMSE, normalized
RMSE, and spectral effective resolution metrics. Our results for the 6-nadir-altimeter 2019 benchmark report
state-of-the-art global performance in terms of RMSE and resolved horizontal scales. Trained models outperform
operational products such as DUACS and MIOST, while achieving performance slightly better than the state-of-
the-art neural approach NeurOST, which is trained on real data. We assess through sensitivity experiments the
key features which drive the mapping performance. Among the tested features, including the considered
simulation process for the altimetry training datasets, the choice of the neural architecture and L3 SLA
corrections, the former shows the largest impact. Besides, our experiments suggest that scaling neural mapping
up to the global scale requires more complex neural architectures with a number of parameters ranging from a
few millions to a few tens of millions. We discuss further the transfer of these results beyond the considered 6-
altimeter configurations, including wide-swath altimetry, as well as to short-term forecasting problems.

Overall, this study highlights the potential of simulation-based training strategies for the neural reconstruction and
forecasting of sea surface dynamics from sparse satellite-derived datasets. Their combination with training
schemes from real observation datasets naturally opens promising research avenues to address the challenges
of ocean reconstruction for poorly observed ocean variables (e.g., ocean’s interior, sea surface currents).
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Abstract:

Fully-focused SAR (FFSAR) processing of altimetry data is currently the best candidate to monitor swell wave
properties due to an increased azimuth resolution [4], given an open-burst sampling strategy as implemented in
the Sentinel-6 mission. On the other hand, FFSAR data—due to the lack of a Doppler beam stack—is inherently
incompatible with the state-of-the-art 4- and 5-parameter stack retrackers [1] that were recently developed for
UFSAR. These retrackers provide the best consistency between UFSAR and conventional altimetry data to date.
Furthermore, they explicitly estimate the wave orbital velocity variance, which is expected to significantly improve
the sea state characterization compared to SWH and sigma0 alone. Therefore, the current situation favors the
UFSAR over the FFSAR approach, when the Level-2 data is the priority.

The question that we are asking here is whether there is a unified Level-1b processing solution that is fit to
resolve all available detail of the sea surface on the one hand, while preserving all advantages of the state-of-the-
art stack retracking solutions on the other hand.

The key to find a solution is to remind oneself that FFSAR can yield meter-scale resolution only in theory, but is
practically limited by both

- the wave orbital velocity variance [2]
- and the need for multilooking (along-track averaging) due to exponentially distributed speckle.

As a result, the azimuth resolution of Sentinel-6 SAR data over ocean can only very rarely be decreased past a
50 m cut-off, while at least 20 to 40 meters multilooking are imperative for speckle reduction. Ultimately, this
implies that any Level-1b processing scheme with a theoretical azimuth resolution of around 50 meters can
compete with the current FFSAR processing.

Therefore, we propose the partially-focused SAR (PFSAR) approach. PFSAR can be seen as the continuous
transition between both the FFSAR and the UFSAR processing: In UFSAR, the coherent integration time is one
burst duration, in FFSAR it is the entire illumination time (a large number of bursts of maximally Nmax = 448 in
case of Sentinel-6), while, in PFSAR, we coherently integrate over a freely configurable number of N bursts,
instead, which may be highlighted in notation with PFSAR-N.

Note that the PFSAR approach can emulate both UFSAR and FFSAR as special cases, such that a dedicated
PFSAR Level-1b processor benefits continuity between processing modes and, hence, over different surfaces,
which may be particularly interesting for future missions such as the Copernicus Polar Ice and Snow Topography
Altimeter (CRISTAL) mission.

In the case of Sentinel-6, a coherent integration time of only 7 consecutive bursts is already equivalent to a
theoretical azimuth resolution of approximately 300/7 = 43 m, implying a required posting rate of at least 140 Hz.
With the typical illumination time being 448 bursts, we can steer 448/7 = 64 Doppler beams towards every ground
point, forming the stack.

We will showcase with both simulations and real data that PFSAR-7:

- can be computed through any existing FFSAR implementation, and that it is natively about 60 times
faster than the full FFSAR back projection processing,

- stacks are sharper than UFSAR stacks, implying an increased sensitivity particularly to the new wave
orbital velocity variance parameter, where a noise reduction of approximately 30% can be achieved at 2 m
significant wave height,

- waveform images at 140 Hz posting are nearly indistinguishable from multilooked FFSAR,
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- Level-2 processing via the 5-parameter stack retracker is about 7 times faster than for UFSAR due to
the reduced stack size (64 instead of 448) and the possibility to average stacks to 20 Hz without error, since both
the posting rate and the burst repetition frequency are identical.

Furthermore, we will evaluate the performance of PFSAR-7 compared to UFSAR in terms of bias and precision.
References

[1] Buchhaupt, C.K.; Egido, A.; Vandemark, D.; Smith, W.H.F.; Fenoglio, L.; Leuliette, E. Towards the Mitigation
of Discrepancies in Sea Surface Parameters Estimated from Low- and High-Resolution Satellite Altimetry.
Remote Sens. 2023, 15, 4206. https://doi.org/10.3390/rs15174206

[2] Buchhaupt, C.; Fenoglio, L.; Becker, M.; Kusche, J. Impact of Vertical Water Particle Motions on Focused
SAR Altimetry. Adv. Space Res. 2021, 68(2), 853—874. https://doi.org/10.1016/j.asr.2020.07.015

[3] S. Hernandez-Burgos et al., “Accelerated Algorithm for Back-Projection Fully Focused SAR Altimetry,” in IEEE
Transactions on Geoscience and Remote Sensing, vol. 63, pp. 1-16, 2025, Art no. 5209816, doi:
10.1109/TGRS.2025.3556544

[4] M. Kleinherenbrink et al., "Cross-Spectral Analysis of SAR Altimetry Waveform Tails," in IEEE Transactions
on Geoscience and Remote Sensing, vol. 62, pp. 1-15, 2024, Art no. 4206615, doi:
10.1109/TGRS.2024.3402390.

Corresponding author:
Frithjof Ehlers (CLS, France), fehlers@groupcls.com

45/314



OSTST abstracts’ book (2026-06-22)

Optimal Retracking Solutions for Enhanced Ocean
Altimetry

Anna Mangilli (CLS, France); Thomas Moreau (CLS, France); Claire Maraldi (CNES, France); Marta Alves
(CLS, France); Oriane Gassot (CLS, France); Alejandro Egido (ESA - ESTEC, The Netherlands); Laiba
Amarouche (CLS, France); Fanny Piras (CLS, France); Pierre Thibaut (CLS, France); Lionel Zawadzki (CNES,
France); Francois Boy (CNES, France); Nicolas Picot (CNES, France ); Franck Borde (ESA - ESTEC, The
Netherlands)

Session: Instrument Processing: Measurement and Retracking
Presentation type: Oral

Abstract:

Radar altimetry plays a central role in monitoring the ocean and building long-term records of Essential Climate
Variables for a rigorous assessment of the climate change. The accuracy, precision, and consistency of these
records critically depend on the retracking of radar waveforms, which provides the fundamental geophysical
parameters. As altimetry missions evolve toward higher performance and resolution, ensuring the statistical
robustness and optimality of retracking algorithms has become increasingly important for reference and
operational missions.

In this presentation, we give an overview of the results from Mangilli et al 2025, highlighting the importance of
adopting an optimal retracking framework to have unbiased and minimum variance estimation of the geophysical
parameters. This framework, based on Weighted Least Squares (WLS) and Bayesian estimators, consistently
accounts for a realistic waveform noise characterization and the in-flight evolution of instrumental properties,
specifically, the point target response (PTR), and can be applied to different waveform models, missions and
modes.

We focus on its application to Sentinel-6, the current reference mission, and present validation results for Ku-
band low-resolution mode data using realistic simulations and one full cycle of 20-Hz data. These results show
unbiased geophysical parameter estimates and uncertainties consistent with theoretical Cramér—Rao bounds,
regardless the chosen waveform model, with significant improvements in precision compared to current
operational solutions: ~60% for significant save height (SWH), ~12% for sea surface height (SSH) and up to
50% for sigma0. In addition, the approach enables consistent estimation of parameter uncertainties and
correlations at 20 Hz. Notably, the correlation between epoch and SWH is shown to be systematically
underestimated in current operational solutions with potential implications for downstream corrections such as the
sea state bias, which warrant further investigation.

Beyond the baseline Sentinel-6 MF Ku-band results, we present preliminary results of the application of the
optimal analysis to Sentinel-6 C-band waveforms and to the Sentinel-3 PLRM data, demonstrating the benefits of
the method across different frequencies and missions.

Finally, we discuss perspectives for extending this optimal statistical framework to high-resolution SAR altimetry
data and enhanced waveform models, paving the way for further improvements in future ocean altimetry records.
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Abstract:

The benefits of synthetic aperture radar (SAR) altimetry in measuring the ocean surface have been widely
demonstrated. Compared to conventional low-resolution mode (LRM) altimetry, unfocused SAR (UF-SAR)
processing enhances along-track resolution, reduces the correlated observation errors, and improves the
precision of the estimated geophysical parameters. Despite these advantages, UF-SAR measurements still
exhibit significant correlated errors at sub mesoscales, manifested as a red noise signature on the sea level
anomaly power spectral density, which becomes dominant for short wavelengths. This behaviour indicates
pronounced sea surface heterogeneities in UF-SAR observations, commonly referred to as small-scale
variabilities (SSV) that currently limit the ability to resolve topographic signals at sub mesoscales and to
accurately capture the oceanic spectrum. The low resolution with range migration correction (LR-RMC)
processing ([1]) was designed to mitigate these effects in order to improve the altimeter observational capabilities
over the small scales.

LR-RMC is in many aspects like UF-SAR processing, in that it includes Doppler beam forming, Doppler
correction and range migration correction. However, whereas in UF-SAR the Doppler beam stacks are built from
beams that point towards the same ground location, in LR-RMC the stacks are made of beams from individual
bursts. Hence, both use the same number of looks, but the LR-RMC footprint is coarser, effectively smoothing
surface waves and attenuating correlated errors at sub-mesoscales. As a result, the LR-RMC noise levels have
negligible dependency on sea state, as illustrated by [2] using Sentinel-3 data: indeed, the performance of the
LR-RMC processing can be fully explained by speckle noise, while UF-SAR suffers from the additional SSV
component, whose importance increases with sea state ([3]).

As with SAR altimetry, LR-RMC exploits Doppler shifts and is consequently sensitive to sea surface dynamics,
which can distort the Doppler spectrum and ultimately limit the accuracy of the geophysical retrievals. To tackle
this problem, recent works propose models that include the effect of surface motions, in particular the standard
deviation of the wave’s vertical velocity and the along-track component of the geophysical Doppler vector ([4],
[5]). These models imply a fit to the full two-dimensional SAR Delay Doppler maps (stacks), as opposed to the
standard one-dimensional models applied to the multi-looked waveforms.

In this study, we leverage recent Level 2 algorithmic developments carried out for UF-SAR and apply them to LR
RMC data to further enhance the performance and quality of ocean measurements. This is made possible by the
CNES/CLS Sentinel Processing Prototype (SPP, [6]), which already incorporates these algorithms and enables
straightforward implementation thanks to its modular architecture. On the one hand, we assess the improvements
brought by the two dimensional retracking when applied to LR RMC data generated from Sentinel 6A
observations. On the other hand, we evaluate the performance of the newly implemented weighted least squares
retracking method ([7]) and examine its consistency with theoretical predictions ([3]). Each algorithm is evaluated
independently through comparison with UF-SAR, with particular attention to: (i) the large scale structures
recovered by the wave-related parameters (the significant wave height and the standard deviation of the vertical
wave motions) and (ii) the noise performance. The latter is further discussed in light of the noise model proposed
in [3].
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Abstract:

Since the launch of CryoSat-2 in 2010, Synthetic Aperture Radar (SAR) altimetry has progressively
complemented, and in some cases replaced, conventional Low-Resolution Mode (LRM) systems. However, due
to fundamental differences in acquisition geometry, geophysical corrections developed for LRM altimetry cannot
be directly applied to SAR data. Among these, the correction for sea surface slope effects is particularly
important, as it directly impacts sea surface height (SSH) estimates and derived oceanographic products.

In this study, we propose a slope correction specifically designed for SAR altimetry, building on approaches
previously developed for LRM systems. The formulation explicitly accounts for the SAR radar footprint geometry,
which leads to mission-dependent corrections. To handle this, we develop a generic methodology to produce
global maps of height correction that can be adapted to different SAR altimeter missions or group of missions
with similar track inclinations.

The approach is illustrated using Sentinel-6A data. Comparisons between SAR and LRM sea surface height
anomalies (SSHA) highlight systematic differences that can be attributed to surface slope effects. Applying the
proposed correction significantly reduces these discrepancies and improves the consistency between SAR
observations and the latest Mean Sea Surface (MSS) model. In particular, the root-mean-square difference
between SSHA and MSS is reduced by up to 1 cm.

Overall, this work provides both a dedicated slope correction for SAR altimetry and a practical framework to
generate mission-specific correction maps. This contributes to improving the consistency between SAR and LRM
measurements and should facilitate their joint use in future altimetric products and ocean applications.
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Abstract:

The interpretation of the nadir altimeters’ SSH signals at scales below 100-50 km is still the object of current
research. At these scales, topographic SSH signal is overlaid by, e.g., ocean wave effects, which may range from
tens of kilometers (through wave groups, de Carlo et al., 2023) on the one hand, down to the smallest scales
(Moreau et al., 2021) on the other, where ocean waves manifest in the Level-2 products through greatly
increased measurement noise (Moreau et al., 2021; Jiang et al., 2023; Ehlers et al. 2026, Section 5). This signal
contribution is commonly referred to as wave-induced small scale variability (SSV).

Due to this sensitivity, the UF-SAR or FF-SAR signals were considered as a means to derive ocean wave spectra
directly from the altimeter data, with the aim of better understanding and correcting these effects. In practice,
however, only a small fraction of the ocean waves can be resolved with ground resolution cells that—considering
resolution cut-offs due to wave height and velocity variance—range effectively from about 2 x 0.2 km (cross-track
x along-track) in the leading edge to approximately 0.2 x 0.2 km in the waveform’s tail (Kleinherenbrink et al.,
2024, Section 111 B.).

At these intermediary scales, where only a fraction of the waves can be resolved, the impact on the altimeter
signal can be more effectively described through range-gate-dependent random perturbations (statistical
fluctuations) in the mean and standard deviation of the scattering facet surface elevation distribution p_z(r). This
represents a slightly more general approach than the one adopted for conventional altimetry by de Carlo et al.,
2023.

As opposed to earlier works, this new theoretical framework is more robust and potentially applicable to a much
broader range of sea states, e.g., in wind sea dominated conditions, or in swell conditions characterized by a
large directional spread.

In the presentation we will demonstrate that the proposed model provides an excellent representation of the
wave-induced small scale variability in the SAR altimetry waveform data. Furthermore, we will discuss in depth
how the strengths of the fluctuations in p_z(r) can be estimated directly from the waveform data itself. In
particular, we will highlight how both types of fluctuations can be discerned, providing increased leverage to
better describe the underlying sea state in future.

In summary, the framework offers a promising way forward

. to better characterize and isolate the SSV,

. to possibly characterize the underlying sea states through the obtained SSV statistics, thereby providing
users with enhanced surface information,

. and to potentially mitigate its effects on the altimeter-derived SSH and SWH estimates in future.
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Abstract:

Since the launch of CryoSat-2 in 2010, Synthetic Aperture Radar (SAR) altimetry provides crucial insights on the
sea surface by providing geophysical data records retrieved from waveforms or stacks returned from the sea
surface using so-called retracking algorithms. Those algorithms can either be empirical, e.g. estimating the sea
surface height based on thresholds, or physical by using a model of the signal based on scattering characteristics
of the observed sea-surface within a nonlinear optimization algorithm, such as Levenberg-Marquardt. For open
ocean or coastal areas those parameters are usually related to sea-level and sea-state, while for sea-ice
surfaces mostly the ice freeboard is of interest. While waveform retracking algorithms with different scattering
assumptions may be run in parallel, such an approach is computationally expensive. On the other hand, applying
only one retracking algorithm to the entire SAR measurement pass degrades measurement accuracy over
regions with scattering characteristics differing from algorithm assumptions. The lack of a global waveform
classification algorithm hinders a computationally efficient integration of surface-specific retracking algorithms into
the waveform processing workflow. The relative scarcity of coastally-contaminated waveforms (compared to open
ocean, snow-covered sea-ice, or land), diverse wind-speeds and wave heights across global areas, and high
dimensionality of the altimetry waveform data all complicate efforts to create extensible waveform classification
models.

In this study, we explore the viability of machine learning models in classifying surfaces associated with
waveform returns. We evaluate the performance of three machine learning-based waveform classification
models, such as K-Nearest Neighbors, Support Vector Machines, and Random Forests, in classifying surfaces
associated with waveform types. The supervised learning models first ingest labeled global Sentinel-3 SRAL
Level 1B waveform data outputted from an in-house SAR measurement retracker designed for the open ocean
surface. Select waveforms, stratified by class, are set aside for performance evaluation. Different preprocessing
steps, such as dimensionality reduction and resampling, are then performed to optimize the class-imbalanced,
high-dimensional training dataset for each supervised learning model while minimizing information loss. The
predictive capability of the models on the reserved waveform dataset are assessed with confusion matrices. Our
finding aims to demonstrate the generalizability of each supervised learning model in the classification of
waveforms from SAR measurements over different surfaces, laying necessary groundwork for future surface-
specific waveform retracking.
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Abstract:

External calibration and validation (Cal/Val) are essential to ensure the long-term stability and consistency of
satellite radar altimetry measurements. In this work, we present a multi-mission analysis of external calibration
results based on a global network of transponders and corner reflectors.

The study includes CryoSat-2, Sentinel-3A, Sentinel-3B, and Sentinel-6 Michael Freilich (S6A), using a common
processing approach and a shared calibration infrastructure. This network provides independent and traceable
observations to assess key parameters such as range bias and datation, which are critical for cross-mission
consistency and long-term monitoring.

Transponders provide controlled and well-characterised radar responses, enabling precise estimation of range
and datation performance. Corner reflectors complement these measurements by providing additional calibration
points at multiple sites and supporting the assessment of system consistency. Point target response (PTR) is
also analysed as a secondary indicator of instrument behaviour.

The analysis is based on several years of data and allows the evaluation of both short-term performance and
long-term stability. The comparison between the expected theoretical response of the targets and the measured
satellite signal enables the identification of instrumental biases and the monitoring of their evolution over time.

Overall, the results show a consistent behaviour of the different missions in terms of range bias and datation, with
no significant discrepancies observed within the expected uncertainty. The calibration results obtained from
transponders and corner reflectors are in good agreement, confirming the robustness of the external calibration
approach.

These results support the reliability of current altimetry missions and highlight the importance of a consistent
external calibration framework for ensuring the continuity of the altimetry record.
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Abstract:

The Copernicus Polar Ice and Snow Topography Altimeter (CRISTAL) mission, planned for launch in 2027, will
carry a dual Ku/Ka-band interferometric altimeter with dedicated transmission pulse sequences designed to
enhance performance over sea ice, land ice, and ocean surfaces. lts open burst mode will enable Fully Focussed
SAR processing over sea ice and snow depth retrieval from Ku/Ka waveform comparison, while its closed burst
interferometric mode over land ice will extend swath elevation processing to the full extent of Greenland and
Antarctica.

To assess the expected mission performance against requirements, an end-to-end validation environment has
been developed within the CRISTAL System and Instrument Simulator (SIRS) project. This environment
comprises three main elements: the System and Instrument Simulator (SIS), the Ground Processor Prototype
(GPP), and the Performance Assessment Tool (PAT). The SIS generates realistic instrument science data for a
range of scenarios, including point targets, sea ice with varying snow properties, land ice with different slope and
surface characteristics, ocean tracks under various sea state conditions, and inland water bodies. The GPP
processes the simulated data through multiple processing chains (Level-1 calibration, Low Resolution, Delay-
Doppler, and Fully Focussed chains, together with Level-2 retracking and geophysical retrievals). The PAT then
evaluates the output against the mission performance requirements using the known simulated parameters as
reference.

During 2025, both the simulator and the processor have undergone a significant evolution cycle culminating in
the successful completion of Acceptance Review 3 (AR3). On the simulator side, the updates include refined
instrument models incorporating the latest characterisation data from the ongoing Phase D activities, as well as
extended scenario generation capabilities to cover additional surface types and conditions requested by the
Level-2 development teams and the Mission Advisory Group. On the processor side, the GPP has been updated
with improved processing algorithms across all chains, enhanced calibration handling, and consolidated Level-2
retrieval modules for sea ice, land ice, ocean, and inland water surfaces. The AR3 milestone confirmed the
compliance of the end-to-end chain with the current set of functional and performance requirements.

This presentation will provide an overview of the current status of the CRISTAL SIRS activity following AR3,
including the main performance results obtained for the different thematic surfaces and processing modes. The
evolution of the simulator and processor with respect to the previous review stage will be described, together with
the lessons learned and the remaining open points to be addressed in the next phase of the project.
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Abstract:

In 2027, the European Space Agency (ESA) intends to launch the Copernicus PolaR Ice and Snow Topography
ALTimeter (CRISTAL) mission. The main purpose of the mission is to measure snow depth, ice sheet elevation,
and sea ice thickness with unmatched accuracy. To reach this goal, CRISTAL will be equipped with the
Interferometric Radar Altimeter for Ice and Snow (IRIS), a dual-frequency radar altimeter (Ku-band and Ka-band),
and a microwave radiometer, ensuring improvements in the retrieval of ice and ocean parameters.

Although CRISTAL primarily focuses on cryosphere monitoring, it will also extend its observations to global
ocean topography, with valuable data for ocean applications, from the coastal areas up to the polar seas. It will
provide important inputs for ocean circulation models, weather forecasting, and coastal risk assessment. Over
Ocean, improved measurement performances are expected thanks to the CRISTAL advanced altimeter features,
such as high range resolution/sampling, dual frequency operation and their synergy, interferometric capability,
and open-burst acquisition mode in the polar regions. In addition to capturing smaller structures in the open
ocean, such advanced technological upgrades will enable the retrieval of very high-accurate sea-surface height
into sea-ice leads, as well as more reliable observations closer to the coast.

The COPAS consortium, led by CLS, has supported EUMETSAT in defining the specifications for CRISTAL
marine data center products. After an initial review of the state-of-the-art Level 1 and Level 2 algorithms eligible
for implementation in the CRISTAL marine ground segment, COPAS activities have defined the Product
Generation Specifications (PGS) (based on the outcomes of this state-of-the-art review as well as on the
Sentinel-6 PGS heritage) and the CRISTAL marine Level 1 and Level 2 product formats (PFS).

The objective of this talk is to provide an overview of the marine CRISTAL Level 2 specification of the processing
chain. In the first part, the architecture of the marine processor and an overview of the content of the Level 2
products will be briefly introduced. In the second part, the talk will focus on the dedicated algorithms and potential
studies to further enhance and maximize the potential of the CRISTAL Level 2 marine products.
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Abstract:

For several decades, nadir-looking satellite radar altimeters have provided routine observations of ocean surface
height and sea state by fitting parameterized echo models to averaged radar returns in a process known as
retracking. Early implementations relied on incoherently averaged measurements over kilometer-scale footprints,
while more recent synthetic-aperture radar (SAR) altimetry enables along-track footprint reduction through
coherent processing, improving performance in coastal and heterogeneous environments. Advanced approaches
further exploit the full SAR stack to estimate additional dynamical parameters. However, these methodologies are
fundamentally designed for quasi-specular scattering from open ocean surfaces and are not directly applicable to
more complex media such as snow-covered sea ice. Consequently, current operational approaches often rely on
empirical retrackers, which provide robust freeboard estimates but neglect key physical processes such as snow
depth and surface roughness, leading to systematic biases.

In this study, we present an extension of numerical retrackers for SAR altimetry that incorporates arbitrary
antenna patterns and backscattering functions, enabling improved geophysical parameter retrieval over complex
terrain. The framework supports physically consistent simulation of SAR altimetry signals over snow-covered sea
ice using a single-frequency radar altimeter, explicitly representing contributions from the air—snow interface,
snow volume, and snow—ice interface. Monte Carlo simulations of Sentinel-3A reduced SAR waveforms and SAR
altimetry stacks are used to assess the retrievability of key parameters across a broad range of radar freeboards,
snow depths, radar cross sections, and surface roughness conditions. Results indicate that SAR stack retracking
can recover snow depth with absolute biases below 1 cm and standard deviations of 5—15 cm. In contrast,
conventional waveform retracking fails to resolve snow depth and instead introduces systematic biases in
elevation, radar cross section, surface roughness, and backscattering scale parameters due to unmodeled
scattering contributions. These results demonstrate the potential for physically consistent snow-depth retrieval
from existing single-frequency SAR altimeter stacks, enabling joint estimation of snow depth and snow/ice
interface elevation and thereby improving sea ice freeboard and thickness retrieval without reliance on multi-
frequency or auxiliary observations.
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Abstract:

Accurate range determination in satellite nadir altimetry over inland waters remains limited by the way Level-2
waveforms are generated. The multilooking stage in SAR processing mixes echoes from water, surrounding land,
and secondary water returns across the altimeter footprint. This study introduces a novel approach tailored for
challenging inland environments by leveraging the spatial-temporal information embedded in Sentinel-3 SRAL
Level-1BS (L1BS) SAR data products. We utilize the stack of high-resolution complex echoes, organized in look-
bin maps, which are available after slant range correction and before multilooking in the SAR processing scheme.
A Bayesian inference framework is employed, where priors are constructed across cycles (time domain) to
capture meaningful temporal patterns. Likelihoods are extracted from stacked look-bin maps within each cycle
(space domain), enabling suppression of non-water and secondary water reflections. The resulting posterior
probability highlights regions in the look-bin maps most likely associated with echoes from the nadir water
surface: water-only echo zone in look-bin maps. Using this formulation, our approach effectively exploits the four
dimensions of Look, Bin, Space, and Time (LBiST) of the return signal. This enables waveform decontamination,
leading to resulting in improved range estimates that account for angle-dependent reflectance and
spatiotemporal continuity.

We evaluate the method deliberately on challenging inland water bodies including narrow rivers, fragmented
reservoirs, and complex shorelines where conventional retrackers and Level-2 waveforms typically underperform.
Without excluding outliers, the LBiST approach substantially improved water level estimation, while reducing the
number of outliers by an order of magnitude compared to the OCOG, OCEAN, and ICE retrackers. For lakes and
reservoirs, retracking of LBiST-decontaminated waveforms consistently produced high correlations (0.77 to 0.94)
and low RMSEs (typically below 50 cm ), outperforming retracking of the original waveforms that often showed
poor or even negative correlation and errors exceeding 2m. For rivers, the LBiST method maintained moderate to
high correlations (0.54 to 0.84) with RMSEs as low as 11 cm, while conventional retrackers frequently produced
poor performance metrics and large errors.
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Abstract:

Despite major advances in radar altimetry over the past two decades—particularly with SAR altimeters—accurate
monitoring of inland waters remains challenging. Radar footprints often extend beyond water bodies and include
surrounding land targets, leading to waveform contamination. Since the waveform shape is fundamental to the
range estimation, such distortions directly degrade derived water level measurements.

To improve inland water level retrievals over lakes and rivers, we developed and implemented sub-waveform
retracking algorithms. In this approach, each waveform is decomposed into smaller segments (sub-waveforms),
enabling the isolation of water-surface reflections from non-water contributions. Three retracking scenarios were
evaluated: (1) retracking the first significant sub-waveform to estimate range correction, (2) selecting the sub-
waveform containing the maximum power peak as the water reflection, and (3) considering all meaningful sub-
waveforms to derive a mean range correction.

We applied these retracking strategies to Sentinel-6 HR (L1 and L2) and SWOT Nadir data over Lake Vanern
(Sweden), Lake Erie (USA), and Lake Peipus (Russia—Estonia), and validated the results against in-situ gauge
measurements.

Over Lake Vanern, Sentinel-6 achieved an RMS difference of 4 cm, while SWOT Nadir reached 9 cm when
applying the first retracking scenario. For Lake Erie, both missions showed RMS differences of approximately 13
cm. Over Lake Peipus, Sentinel-6 achieved an RMS of 18 cm based on L2 products.

These results demonstrate that sub-waveform retracking significantly enhances inland water level estimation,
achieving centimeter-level accuracy suitable for hydrological applications and climate variability studies. Further
implementation over additional lakes, including Lake Geneva (Léman), is ongoing and SWOT SWATH data will
be analysed over the same area to estimate the performance of each satellite and each measurement mode.
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Abstract:

The Estimating the Circulation and Climate of the Ocean (ECCO) project provides global, multi-decadal
physically-consistent estimates of the sea level budget by constraining ocean general circulation models with
diverse in situ and satellite observations. The time-evolution of ECCO estimates strictly obey the laws of physics
and thermodynamics, which makes them useful for assessing the decomposing observed sea level changes into
their steric and manometric contributions, and for tracing the origins of sea level changes on regional-to-global
and interannual-to-decadal timescales. Here, we present the latest global and regional sea-level budget closure
from ECCO over the satellite altimetry period and compare ECCQO'’s global and regional ocean warming and
freshening trends against other estimates. We also identify some interesting spatio-temporal patterns in the
residual misfits between ECCO and the observational data constraints (Argo, satellite sea level, and satellite
gravimetry) that could be due to uncorrected systematic observational errors, and assess how these (potential)
errors impact our partitioning of the sea level budget.
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Abstract:

Detecting and quantifying changes in the deep ocean below 2000 meters has posed considerable challenges for
the oceanographic and climate communities due to the limited spatial and temporal coverage provided by in situ
observations. A promising approach based on sea level budget analysis integrates data from satellite altimetry,
satellite gravimetry, and the Argo array. It estimates deep-ocean steric changes as the residual of total sea level,
ocean mass, and upper-ocean steric sea level changes. Previous studies using this approach found that
contributions from the deep ocean to sea-level changes were undetectable over 8 to 10 years at both global and
basin scales. Here, we extend the analysis to approximately 20 years to assess the detectability of regional
signals, particularly in regions with long-term in situ observations, such as the Bermuda Atlantic Time-series
Study (BATS), Hawaii Ocean Time-series (HOT), and Atlantic Meridional Overturning Circulation (AMOC)
transport mooring arrays (MOVE, RAPID). Our results suggest that detecting regional deep ocean steric changes
using this residual method remains difficult, even with significantly longer data records. In some regions, such as
the central Pacific, the halosteric component can become significant and even comparable to the thermosteric
component. We also detected a possible issue in the Northeast Atlantic mass estimate from satellite gravimetry.
This study highlights the need for more sustained in situ deep-ocean measurements to enhance our
understanding of long-term deep ocean state changes and to improve the accuracy of balancing the sea level,
ocean mass, and Earth’s energy budgets.
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Abstract:

Satellite altimeters provide the critical observations required for ocean prediction, and multiple studies have
shown forecasts do not have skill without the altimeter observations continually correcting ocean mesoscale
feature positions. SWOT has provided higher horizontal resolution, and developments have extended prediction
skill to smaller horizontal scales.

We must also continue to consider vertical scales throughout the water column. The satellite observation is sea
surface height (SSH). A major contribution to the observed SSH is given by the steric height anomalies defined
by the vertical integral of TS distribution in the underlying water column. The implication is that steric height is
less sensitive to vertically small-scale features. In addition, compensating waters contain offsetting temperature
and salinity effects on density leading to little change in observable SSH signal. These factors lead to
requirements for continual profile observations. In general, SSH provides low vertical resolution information, and
profile observations provide high vertical resolution information.

How satellite SSH and profile observations may be used together in the data assimilation of ocean prediction
systems poses challenging problems. The issues are centered in describing the background errors and their
relations between points horizontally and vertically. If we form a background error function exploiting one of these
data sets well, we lose information from the complementary data set. Rather than using the observing systems
together, we consider a sequential multiscale analysis approach as has been used to address horizontally
localized high resolution data. By separating the data sets into a lower vertical resolution composed of SSH
observation and a higher resolution set composed of individual temperature and salinity, we show a different
background error used in each sequential analysis step can properly utilize the different observation
characteristics. Example effects are demonstrated along two transects. One at 26.5°N in the Gulf of Mexico,
and the second at 38°W in the North Atlantic. The World Ocean Database of in situ observations provides
profiles of temperature and salinity used throughout the analyses. By separating the analysis steps, we also
show efficiencies made by exploiting some explicit structures of the background error matrices occurring in
specific data sets. The results show that we are losing information when using a single analysis of both low and
high vertical resolution data, and a sequential approach can retain the information.
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Abstract:

Global real-time ocean forecasting and reanalysis systems strongly depend on in situ and satellite observations
to accurately represent the physical state of the ocean. A wide range of observing platforms is assimilated into
the real-time 1/12° Mercator Ocean global ocean forecasting system. Among the different assimilated in situ
observing platforms, Argo floats provide the primary source of subsurface information at the global scale, playing
a key role in constraining water mass properties in both real-time analyses and reanalyses. In this study, we
assess the complementarity between nadir altimetry, SWOT and Argo observations in constraining the 1/12°
global ocean analysis and forecasts.

The analysis is based on a series of Observing System Experiments (OSEs) that have been conducted to
quantify the influence of different type of observations on forecast and analysis quality. We show that Argo in situ
temperature and salinity profiles are needed to properly assimilate the dynamic height variability seen in the SLA
observations and distribute it over the different depth ranges of the water column. Both data sets are shown to be
complementary to constrain the surface meso-scale variability and the ocean interior larger scale evolution and
mean state.
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Ocean heat uptake estimate from a combination of
Altimetry gravimetry and in-situ data allows to close
the energy budget at the +0.5W.m-2 level (2 sigma)
on yearly time scale

Thomas Duvignacq (CNRS / LEGOS, France); Sébastien Fourest (CNES, France); Benoit Meyssignac (CNES
/ LEGOS, France); Valentin Oncle (ISAE SUPAERO, France); Sara Armaut (Magellium, France)

Session: Synergies between Argo, GRACE and Altimetry
Presentation type: Oral

Abstract:

The ocean, thanks to its vast heat capacity, plays a central role in the Earth’s climate system by absorbing most
of the radiative imbalance caused by anthropogenic emissions. Over the past decades, more than 90% of the
excess energy has been stored in the ocean, thereby moderating surface warming and influencing the global
radiation budget. Understanding Ocean Heat Content (OHC), its temporal variability, and spatial distribution is
essential for projecting climate evolution and associated impacts, notably sea-level rise.

Traditionally, OHC has been estimated from in-situ measurements, particularly through the ARGO network, which
provides temperature and salinity profiles down to 2000 m. ARGO still suffers from incomplete spatial and
temporal coverage, especially under sea ice, in marginal seas, and in the deep ocean. Algorithms have been
developed to address these gaps, but they introduce significant uncertainties, particularly in dynamically active
regions.

To overcome these limitations, satellite observations are used. Hybrid methods combine altimetry and in-situ
data, leveraging correlations between sea surface height and OHC to improve sampling. Other approaches,
referred to as geodetic methods, such as this work, combine altimetry and gravimetry to estimate thermosteric
sea level and derive OHC. Here, for the first time, we combine in-situ, altimetric, and gravimetric data through an
inverse approach. Residuals between in-situ OHC and geodetic OHC are optimised and interpolated using an
objective mapping algorithm to produce OHC fields along with their associated uncertainties.

The OHC product is validated in a leave-one-out approach against non-used in-situ measurements. The
uncertainty of the OHC is derived from the leave-one-out approach and a synthetic data approach. In addition,
we derive the Ocean Heat Uptake (OHU) by computing the tendency of the OHC and we compare it with an
independent estimate computed as the radiation budget measured by CERES corrected from the atmospheric
divergence (ERA5). With this comparison, we assess the capacity of the OHC product to close the Earth’s
energy budget over the ocean. The OHU estimate closes the budget at the +0.5 W/m? level (20) on a yearly
basis. This level allows tracking energy transfer at the surface of the ocean, which occurs at interannual
timescales due to phenomena such as El Nifio and La Nifa events.

A key advantage of inverse methods is their ability to diagnose inconsistencies in energy budget closure and
attribute them to excessively strong approximations, instrumental errors, drifts or biases

Corresponding author:
Thomas Duvignacq (CNRS / LEGOS, France), thomas.duvignacq@utoulouse.fr

63/314



OSTST abstracts’ book (2026-06-22)

Growth and decay of internal waves observed by
SWOT at the Mascarene Plateau
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States); Aurélien Ponte (IFREMER, Frane)

Session: Tides, internal tides and high-frequency processes
Presentation type: Oral

Abstract:

SWOT'’s unique swath sampling of sea surface height (SSH) enables us to partition internal tides into coherent,
nonlinear, and residual components (where residual comprises short-period coherent and incoherent internal
waves). In this study, we examine the evolution of internal waves generated at the Mascarene Plateau, a hotspot
of internal wave activity in the western Indian Ocean, driven by the interaction of the barotropic tide with steep
topography. Energetic coherent internal tides are generated at an underwater sill and radiate out to east and
west, associated with large nonlinear internal solitary waves (ISWs) that develop as they propagate. ISWs are
observable more than 1500 km away to the east. We evaluate the relative distribution and contribution of each
component to the total tidal variance. We show that coherent tidal variance decays rapidly from the generation
site, as nonlinear ISW variance grows to explain a maximum of 30% (20%) of the total tidal variance 600 km west
(east). SWOT thus tracks the tidal energy cascade from coherent generation at the sill to ISWs more than 1500
km away.
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Resolving Tidal Modulation of Antarctic Ice Shelves
Using SWOT HR Altimetry

Rasmus Lorup Arildsen (Technical University of Denmark (DTU), Denmark); Ole B. Andersen (DTU Space,
Denmark); Louise S. Segrensen (DTU Space, Denmark)

Session: Tides, internal tides and high-frequency processes
Presentation type: Oral

Abstract:

Ocean tides play a fundamental role in ice shelf dynamics by modulating vertical flexure and influencing the
interaction between the ocean cavity and the floating ice. These tidal signals provide important information about
grounding line locations, flexure zones, and the mechanical response of ice shelves. However, the spatial
structure of tidal variability across ice shelves and the pathways through which tides propagate from the open
ocean beneath floating ice remain poorly constrained due to the sparse along-track sampling of conventional
satellite altimetry missions.

We explore the potential of using High-Rate observations from the SWOT satellite to investigate tidal modulation
of Antarctic ice shelves. SWOT’s wide-swath measurements enable two-dimensional mapping of surface height
variability across large ice shelf regions, allowing tidal signals to be observed over spatial scales that were
previously inaccessible from space. This provides new opportunities to examine how tidal signals propagate from
the open ocean into ice shelf cavities and how they modulate ice shelf flexure.

Using high-resolution SWOT height observations, we investigate tidal height variations across selected Antarctic
ice shelves and examine their potential for identifying grounding lines and flexure zones. Harmonic analysis of
the observed height variability further allows the dominant tidal constituents to be explored. However, interpreting
these signals remains challenging due to processes such as ice advection and other non-tidal variability that can
complicate the separation of tidal signals.

These preliminary results highlight the potential of SWOT to provide the first near two-dimensional view of tidal
modulation across ice shelves, while also emphasizing the challenges associated with resolving tidal signals over
moving and dynamically evolving ice surfaces.

Corresponding author:
Rasmus Lorup Arildsen (Technical University of Denmark (DTU), Denmark), ralor@space.dtu.dk

65/314



OSTST abstracts’ book (2026-06-22)

Progress towards a general altimetry derived tidal
process model
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(National Oceanography Centre, United Kingdom); Stephen Roberts (University of Oxford, Department of
Engineering Science, United Kingdom); Thomas Adcock (University of Oxford, Department of Engineering
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Session: Tides, internal tides and high-frequency processes
Presentation type: Oral

Abstract:

Studying and predicting high-frequency tidal processes from remotely sensed observations remains a challenge
in coastal regions. Tidal processes refer to compound oceanic processes which are partially driven by tides, but
also by other forcing; tidal rivers and storm surge are both key examples. Studying such processes from altimetry
is challenging due to the aliasing produced by satellite revisit times, and the fact that the non-tidal component of
the signal is transient. Modeling these processes hydrodynamically is challenging for different reasons, due to the
difficulty of parameterizing highly localized processes in global model and the global variability in bathymetry
quality in complex coastal regions.

To overcome this we present a general framework for modeling arbitrary tidal processes solely from altimetric
observations, which is based on a spatially coherent tidal response method. The idea is that sea-levels smoothly
vary in space, and therefore the oceanic response itself smoothly varies in space. Building off of the RTide
method, we show that this smooth spatial response function can be parameterized by a neural operator which
can learn the coupled and compound response to forcing directly from altimetric data. We present preliminary
results applying this approach for predicting storm surges and tidal rivers using a combination of ALES retracked
multimission observations and SWOT data, including the SWOT RiverSP product. These methods are compared
with operational hydrodynamic models in the UK, and the DAC. We discuss the potential for this approach in
benefiting data-sparse regions with poor bathymetry and also highlight the challenges and lessons learned when
using different data products.
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Preliminary results of the new global barotropic tide
model FES2026

Loren Carrere (CLS, France); Florent Lyard (LEGOS/CNRS, France); Garance Marlier (CLS, France); Mei-Ling
Dabat (CLS, France); Chafih Skandrani (NOVELTIS, France); Gérald Dibarboure (CNES, France)

Session: Tides, internal tides and high-frequency processes
Presentation type: Oral

Abstract:

Thanks to its current accuracy and maturity, altimetry is considered as a fully operational observing system
dedicated to various applications such as climate studies. Altimeter measurements are corrected from several
geophysical parameters in order to isolate the oceanic variability and the tide correction is one of the most critical.
The accuracy of the tide models has been much improved for the last 30 years, and the most recent FES2022
model allowed reducing the residual errors in shelf and coastal seas and at high latitudes compared to previous
version FES2014 and to other state-of-the-art global tide models. However, improvements are still needed in
these areas were the omission and the modelling error are still significant, but also on the global ocean.

In order to answer the new challenges of the tide correction for HR altimetry, in particular the SWOT mission,
which gives access to unprecedent high-resolution sea surface measurements and very narrow coastal areas, a
new global tide model FES2026 is currently under development. This new atlas will benefit from new tidal
frequencies that were not yet included in global tide models, as some minor third order of the tide potential tides
and also some complementary non-linear frequencies that are most important in shallow and coastal zones. A
dedicated omission error analysis was performed and gives some information about the main non-linear
frequencies to consider. Finally, some anomalies arising from the data assimilation sub-ensemble containing
bathymetry members have been identified (in some very local and very shallow water nearshore areas) and will
be corrected in this release. In addition, we present some envisioned evolution about the improvement of the
extrapolation procedure at the transition between ocean and land particularly in narrow fjords regions sampled by
SWOT KaRIn measurements.

Some comparison with FES2022 and other global tide models (GOT5.6, R. Ray) are proposed. Preliminary
validation results using several altimeter missions including SWOT mission, and also some in situ measurements

will be presented.
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EOT26: global ocean tide model derived from multi-
mission satellite altimetry
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(DGFI-TUM, Germany); Marcello Passaro (DGFI-TUM, Germany); Maria Pisareva (DGFI-TUM, Germany); Felix
Mueller (DGFI-TUM, Germany); Mathis BloBfeld (DGFI-TUM, Germany); Florian Seitz (DGFI-TUM, Germany)

Session: Tides, internal tides and high-frequency processes
Presentation type: Oral

Abstract:

Ocean tides play a significant role in the global ocean by modulating sea level and contributing to large-scale
mass transport. Ocean tide models are therefore an essential geodetic correction for a variety of measurement
techniques, particularly satellite altimetry and gravimetry. This presentation introduces the latest version of the
global Empirical Ocean Tide (EOT) model developed at DGFI-TUM. This latest model leverages advances in
altimetry processing, particularly in the coastal and polar oceans, particularly the optimisation of geophysical
corrections, the use of the ALES and ALES+ retrackers, and sea ice classification in the higher latitudes. EOT26
uses a combination of harmonised and cross-calibrated altimetry datasets (37) to optimise the use of
measurements across the coastal, open-ocean, and polar regions. The resultant model has an improved spatial
resolution of 1/30°, estimates 42 tidal constituents, and covers the global ocean up to 88°.

The validation against in-situ tide gauge observations and ocean bottom pressure sensor data is presented.
Additionally, EOT26 is applied as a tidal correction for satellite altimetry and in precise orbit determination (POD)
experiments, with the results contrasted with EOT20. Overall, the global model shows improvement over EOT20
and performs well compared to state-of-the-art tide models. In the higher latitudes, polar-specific altimetry
processing shows a clear positive impact on tidal-estimation accuracy across the Arctic Ocean.
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What can a regional coupled tide-surge high-
resolution simulation bring to satellite altimetry

measurements?

Mathilde Cancet (CNRS LEGOS, France); Solo Gras--Nuzzo (CNRS LEGOS, France); Florent Lyard (CNRS
LEGQOS, France); Florence Birol (LEGOS University of Toulouse, France)

Session: Tides, internal tides and high-frequency processes
Presentation type: Oral

Abstract:

Because of the satellite repeat period of several days, the barotropic ocean tides, as well as the effects of the
wind and atmospheric pressure on the sea surface height (generally called Dynamic Atmospheric Correction,
DAC, but also referred to as ocean surge), are two high frequency processes that are aliased at smaller ocean
dynamics frequencies (monthly, seasonal or even longer periods) in the satellite altimetry sea level time series.
They should thus be accurately removed from altimetry observations for ocean dynamics studies. For many
reasons (including large computing costs in terms of time and memory), the historic and current operational
approach consists in removing the ocean tides with a prediction from a global barotropic ocean tide atlas
(currently FES2022 or GOT4.10) on the one hand, and the DAC from a global surge simulation (e.g., MOG2D/T-
UGOm) on the other hand.

Today, these corrections are two of the largest contributors to the uncertainty budget of satellite altimetry sea
surface height estimates, with errors that can reach several centimeters in shallow water and macro-tidal regions,
where these processes reach the largest amplitudes. Among other sources of errors, the tidal prediction accuracy
suffers from the limited number of non-linear tidal constituents (resulting from the interactions between
astronomical tidal waves) available in operational tidal atlases, and the separation of tides and surges correction
is disputable because of the dynamical coupling between tides and surge, which can have some significant
impact on the sea surface height in some regions, mostly in shelf and coastal seas. Both issues can be seen as
omission errors, and we aim to address specifically the second one in our presentation.

To limit the computational costs, we took advantage of a high-resolution, fine-tuned, regional T-UGOm
configuration covering the North-East Atlantic Ocean to explore and quantify the interactions between the
barotropic tides and the surge, in order to estimate the omission error that results from the current approach (i.e.,
summing two independent simulations for the tide and the surge). For this, we have generated 5-year long
simulations providing either only ocean tides (no atmospheric forcing) or only ocean surges (atmospheric forcing
but no tidal forcing), and a coupled simulation with both atmospheric forcing and tidal forcing, hence containing
non-linear interactions between the two processes. We quantified the residuals between these simulations, which
happen to reach several centimeters (locally more than 10 cm) with a strong seasonal modulation (differences
being maximum in Winter, when major storm surges generally occur). We then explored the impact of using
these regional simulations as corrections for SWOT (CalVal and Science orbits), Jason-3 and Sentinel-6
observations in terms of sea level anomaly variance reduction. Even if the number of cycles is still limited,
SWOT'’s swath brings unprecedented perspectives to estimate and analyze these coupled effects between ocean
tides and surge.
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A CNES_CLS MSS model leveraging SWOT KaRIn
data

Rémy Charayron (CLS, France); Philippe Schaeffer (CLS, France); Maxime Ballarotta (CLS, France); Antoine
Delepoulle (DATLAS, France); Marie-Isabelle Pujol (CLS, France); Gérald Dibarboure (CNES, France)

Session: The Geoid, Mean Sea Surfaces and Mean Dynamic Topography
Presentation type: Oral

Abstract:

The mean sea surface (MSS) is defined as the static component of the sea surface height (SSH) over a given
reference period. It is therefore a crucial reference, since the sea surface height anomaly (SSHA)—used in many
applications such as the study of ocean circulation, ocean dynamics, sea level rise, and hurricane intensities—is
computed relative to an MSS model.

Significant improvements have been achieved in developing the CNES CLS 2025 MSS model by leveraging 2
km low resolution data from the Ka-band Radar Interferometer (KaRIn) onboard the Surface Water and Ocean
Topography (SWOT) mission, while also taking advantage of the long-term temporal coverage of nadir missions.
In particular, errors in the 10—100 km wavelength range have been reduced by about 80%. In addition, artifacts
present in previous nadir based MSS models have been corrected.

The use of higher resolution KaRIn data opens up several perspectives for improving the MSS, particularly for
better resolving very short wavelengths and for achieving a more accurate representation of the signal in coastal
areas.
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Extension of the SWOT-based mean sea surface into
coastal regions and initial validation

Bjarke Nilsson (DTU Space, Denmark); Ole Baltazar Andersen (DTU Space, Denmark); Per Knudsen (DTU
Space, Denmark)

Session: The Geoid, Mean Sea Surfaces and Mean Dynamic Topography
Presentation type: Oral

Abstract:

With the introduction of wide-swath altimetry into marine-geodetic applications, small scale features have been
resolved leading to improved reference fields such as the mean sea surface (MSS). Initial work has been focused
on resolving geodetic features in the open ocean yet leaves some of the most challenging areas such as fjords
and estuaries unconstrained. This intersection between data products developed for the open-ocean and inland-
water are thus areas where the mean sea surface is poorly defined. This has a big impact as these areas are the
zones most used in commercial and societal aspects.

We present our study on the combined utilization of open-ocean and inland-water SWOT products to determine a
coastal-MSS focused on the Norwegian fjords. This is presented in conjunction with the update to the DTU25
MSS that includes more SWOT data and updated data processing to improve the global MSS.

Initial validation is presented and helps indicate the impact of global processing in challenging regions such as
the Greenlandic fjords or Patagonia. This leads to the next step in global MSS models.
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The DTU26 SWOT-derived gravity field and
validation with airborne and marine campaigns
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Presentation type: Oral

Abstract:

Using wide-swath altimetry from the Surface Water and Ocean Topography (SWOT) satellite, it has been shown
that very small-scale features of the ocean topography can be resolved. Utilizing this when computing an
altimetry-derived gravity field reveals previously unresolved features of the gravity field and the equivalent geoid.
Preliminary studies has shown a huge improvement from utilizing SWOT for gravity determination, over gravity
fields relying on conventional altimetry.

In order to determine the performance of SWOT-derived gravity fields, external validation is necessary. This is
both done in order to determine optimal parameters for the gravity inversion in calm regions as well as in regions
with extensive oceanographic variability. This is extra challenging when we are in the coastal zone, due to the
influence of boundary currents, possible land contamination, poor geophysical corrections of the data and
contamination from sparse land-based reference fields.

We present a global gravity model derived from SWOT (the DTU26GRA), with validation based on marine and
airborne campaigns in the open ocean and the coastal zone respectively. An assessment of the optimal
parameters used to obtain the best resolution from SWOT, while decreasing noise, is presented. This will provide
a basis for future geoid determination.
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Abstract:
A new free-air gravity model has been determined for the North Atlantic and the Mediterranean Sea. It is based

on a combination between the 2-km SWOT KaRIn data and the Mean Sea Surface which is used to complete
areas not covered by the SWOT swaths.

Compared to previous models derived from nadir altimeters, this new model shows an unprecedent level of
accuracy.

Given that the standard deviations of the differences between the nadir solutions (SIO, DTU, CNES_CLS) were
greater than 1 mGal, those calculated between the new models derived from SWOT data show standard
deviations on the order of 0.5 mGal for several areas. Furthermore, validations based on marine gravity data
indicate that these new models can achieve precision better than 1 mGal.
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Sea Level Products of the Baltic & North Sea in the
German national height system

Ludwig Schréder (Federal Agency for Cartography and Geodesy, Germany); Gunter Liebsch (Federal
Agency for Cartography and Geodesy, Germany); Joachim Schwabe (Federal Agency for Cartography and
Geodesy, Germany); Swantje Bastin (Federal Maritime and Hydrographic Agency, Germany); Ulf Grawe (Leibniz
Institute for Baltic Sea Research, Germany)
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Abstract:

The Federal Agency for Cartography and Geodesy (BKG) supplies, maintains, and updates the geospatial
reference systems in Germany. In recent years the user requirements became more demanding, especially in the
maritime sector with applications such as safe and efficient satellite-based marine navigation, the expansion of
offshore wind energy or the adaptation to climate change. To fulfil these growing requirements and to provide
users with precise geodetic information we developed new sea level products with a special focus on the German
maritime sectors.

We derive our sea level products mainly from satellite altimetry. In our presentation we will give an overview of
our processing chain. Due to our regional focus, we apply several localized corrections and auxiliary datasets, i.e.
high-resolution geoid models, mission specific calibration grids, tide models, etc. We will show how these
datasets improve the results and how the high-resolution geoid models simplify the processing of the MDT. With
the help of two different ocean models we can validate these results. The spatial distribution of the residuals in
this validation can be interpreted with respect to the three different input datasets and serves an information for
further improvements of any of the three products. Finally, our main users expect a product which is in
accordance with the German national height reference (NHN). We show, which modifications of the geoid and
the altimetry data were necessary to provide this easily accessible product - a Mean Sea Level Grid (i.e. MDT)
with respect to NHN.
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Towards an improved CNES-CLS Mean Dynamic
Topography 2026
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Nicolas Picot (CNES, France)
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Presentation type: Oral

Abstract:

The Mean Dynamic Topography (MDT) is a key reference surface for satellite altimetry, used to estimate
absolute dynamic topography and derive surface geostrophic currents. Its accuracy is particularly important for
ocean circulation studies and operational applications, especially in coastal and dynamically active regions.

We present the MDT2026, a new global MDT solution based on an updated and consistent set of input datasets,
including the latest Mean Sea Surface, a recent geoid model, and extended in-situ observations (drifters and
hydrographic profiles). The overall methodology follows previous MDT developments, but several aspects of the
multivariate objective analysis have been revisited. In particular, the spatial covariance structure and correlation
scales have been adjusted to reduce spurious small-scale features and improve the physical consistency of the
reconstructed fields. The input data errors are currently being refined to achieve a better balance between the
different in-situ datasets.

A significant part of this work is dedicated to validation. In addition to classical root-mean-square error and
variance metrics, we use complementary diagnostics such as velocity direction consistency, explained variance,
flow divergence, and the consistency between geostrophic velocities derived from MDT gradients and velocity
fields obtained from the multivariate analysis. Spectral analyses are also used to assess the level of small-scale
energy and indicate a reduction of noise compared to previous MDT versions.

Overall, the MDT2026 shows a more coherent and physically consistent representation of ocean circulation, with
reduced small-scale artefacts. A beta version of the product will be made available to the community, with the
aim of collecting feedback and guiding the final improvements.
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Abstract:

For more than 30 years, conventional altimetry has provided robust estimates of the Significant Wave Height
(SWH) across the open oceans at a ~ 10 km resolution. Recent studies showed that 1km 5Hz data could be
retrieved with a satisfactory level of noise. Yet, since the introduction of Delay—Doppler altimetry with CryoSat2 in
the early 2010s, along-track resolution has improved to ~300 m through Synthetic Aperture Radar (SAR)
processing. However, operational models still rely on a “frozen sea” assumption that neglects the impact of ocean
dynamics on Doppler frequencies, introducing biases in the estimated sea-state parameters [1].

Recent advances have introduced more complete SAR (or Delay-Doppler) models that incorporate both the
standard deviation of the waves’ vertical velocity and the along-track component of the Geophysical Doppler
vector [4, 5, 6, 7]. Estimating these quantities requires retracking the full two-dimensional unfocused SAR Delay—
Doppler maps (stacks), rather than summing Doppler beams as done in the operational chain. The modifications
to the processing are minimal in terms of implementation and computational time, as the full model stack is
already computed prior to summation in current L2 processing.

To validate these new models on real data and compare the results to the operational products, we implemented
them in our Sentinel Processing Prototype (SPP) [2, 3]. This code has been developed by CLS under a CNES
contract in the frame of the exploitation of the Sentinel-6A/B (S6A/B) and Sentinel-3A/B (S3A/B) altimetry
missions. Two six-month S6A data series were produced (January—June 2022 and 2024) and are available on
the Aviso website. Validation demonstrates that the new product is consistent with conventional altimetry, both in
sea surface height (SSH) and significant wave height (SWH), while providing reduced noise and enhanced
along-track resolution. The main improvements are the following:

- Characterization of azimuth smearing due to vertical wave motion, enabling retrieval of the standard deviation of
vertical wave velocity [4, 5, 7]. This quantity relates to the mean zero up-crossing wave period and offers new
insights into surface wave dynamics. Its inclusion in the SAR model corrects the SWH bias caused by the sea-
state. The velocity variance estimate shows good agreement with the ERA5 wave model, without relying on
lookup tables or external corrections.

- Estimation of the along-track projection of the geophysical Doppler vector, related to wind direction and
magnitude and/or total or part of the surface current (such as the Stokes drift) [6, 7]. Including this term removes
the wind-dependent SSH bias that impacts SAR altimetry, particularly between ascending and descending
passes, without altering large-scale spectral content.

This talk presents a new demonstration product available for the scientific community on Aviso to explore the new
potential of such a retracking algorithm. It provides an increased resolution of SAR altimetry combined with SSH
and SWH debiasing, vertical-velocity estimates (possibly derived into wave period), and wind-direction retrieval,
which opens new opportunities for coastal applications and swell characterization. We illustrate these capabilities
through global diagnostics and regional analyses in areas featuring lagoons, strong currents, blooms, or
energetic sea states.
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measurements. In Proceedings of the Ocean Surface Topography Science Team Meeting 2023, Puerto Rico,

WV, USA, 7 November 2023-11 Novembre 2023.

[2] Dinardo, S. et al. (2023). 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.
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Surface wave field spectral properties at the global
scale: a new data set from the CFOSAT/SWIM
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France)

Session: Wind and Waves (including CFOSAT)
Presentation type: Oral

Abstract:

The China France Oceanography Satellite launched in october 2018 provides globally and systematically since
2019 the directional spectra of ocean waves at a scale of about 70 x 90 km on each side of the satellite-track.
These wave observations are quite unique among all oceanographic satellite products and complete very
usefully the wave spectra provided by the Synthetic Aperture Radar missions like Sentinel-1 and the significant
wave height provided by the altimeter missions. However, directional wave spectra contain a large amount of
information, making it challenging for users to extract the most relevant wave parameters. In this study, we
present a new dataset generated in delayed time from the SWIM/CFOSAT operational products. This dataset
includes a set of parameters selected to provide a more concise and synthetic characterization of wave spectra,
including directional and frequency spreading, as well as a cross-sea index. In addition, several indices proposed
in the literature to characterize extreme sea states are included, such as the Benjamin—Feir index and the
groupiness index. In this work we will highlight the seasonal variability of predicting dangerous seas with these
spectral derived wave data.
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Extreme sea states and associated swells: peaky
spectra in storms and properties of radiated swell
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Presentation type: Oral

Abstract:

The largest wave heights and associated periods are important parameters in the design of marine structures.
Extreme waves also play an outsize role in air-sea fluxes and coastal dynamics, and leave imprints on seismic
and sediment records. Unfortunately, given our very sparse observing systems, rare events generally escape
measurements. We have developed a storm database (Ardhuin and De Carlo, 2025) for the analysis of extreme
sea state events. When properly accounting for sampling fluctuations (Young 1986, De Carlo and Ardhuin 2024),
no open ocean in situ significant wave height ever exceeded 18 m, and only 8 storms in the last 32 years gave
satellite altimeter data over 18 m (Ardhuin et la. 2025), with very limited additional information. Ardhuin et al.
(2025) have proposed to use measurements by SWOT or CFOSAT of swells radiated from storms to reveal long
wave periods within the storms, and their generation mechanism. Here we revisit this analysis by also using
fluctuations in measured SWH values, both in along-track altimeter data, a well understood measurement (De
Carlo and Ardhuin 2024), and the new maps of SWH provided by SWOT. Starting with swell fields that are also
resolved in the SWOT SSH, we find that the SWH fluctuations are consistent with the effect of wave groups and
can be related to the spectral peakedness. This analysis of spectral peakedness is then applied to the storm
centers and gives a new constraint on spectral shapes in storms. A preliminary investigation of a few severe
storms, including the December 2024 North Pacific storm Eddie, shows that spectral peakedness is consistent
with exact 4-wave interactions calculations (using the Gaussian Quandrature Method, GQM, Lavrenov 2000) and
cannot be reproduced by the Discrete Interaction Approximation (DIA, Hasselmann & Hasselmann 1985). This
also supports the "update" to the Pierson-Moskowitz / JONSWAP spectral shapes for low frequencies proposed
in Ardhuin et al. (2025). These findings have important consequences for numerical wave forecasting, in
particular for swell fields.
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France)
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Presentation type: Oral

Abstract:

Accurate representation of ocean wave spectra is essential for operational forecasting and wave climate
applications, yet validation of satellite-derived spectral products remains largely based on comparisons with wave
models and other satellite observations. The CFOSAT satellite carries the SWIM (Surface Waves Investigation
and Monitoring) instrument, which provides near-real-time 2D directional wave spectra distributed through the
Copernicus Marine Service (CMEMS) as the Level-3 product WAVE_GLO_PHY_SPC_L3_NRT_014_009
(Copernicus Marine Service, 2024). Independent in-situ validation of both the full wave spectrum and its partition-
level parameters remains limited.

This study presents an independent evaluation of SWIM spectral data in the North Atlantic using wave buoy
observations from the CMEMS In-Situ Thematic Assembly Centre (INS-TAC; Copernicus Marine In Situ TAC,
2025) over the period 2022—2025. Collocated matchups are constructed within +3-hour and +70 km windows.
The SWIM 2D slope spectrum is converted into a 1D wave energy spectrum, enabling direct comparison of
spectral shape with buoy measurements. Both full-spectrum and partition-level parameters are analysed as a
function of sea state and season, including high sea states sampled by drifting buoys across the North Atlantic
under open ocean conditions.

Particular attention is given to the representation of dominant swell systems and to differences arising from
spectral partitioning between satellite and in-situ observations. The analysis provides a basis for assessing SWIM
performance across a range of sea states and supports the use of these data in operational oceanography,
including wave forecasting, data assimilation, and wave climate analysis.

References

Copernicus Marine Service. (2024). Global Ocean L3 Spectral Parameters from NRT Satellite Measurements
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Resolving Deep-Learning Model For Wave Spectra
Retrieval From CFOSAT SWIM
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Abstract:

The SWIM instrument onboard CFOSAT provides directional information on ocean surface waves through the
modulation of Ku-band radar backscatter. In previous work, we introduced a deep-learning approach for
retrieving wave spectra from SWIM measurements using a backward model based on a U-Net-type architecture.
That first approach focused on predicting the combined directional wave spectrum and demonstrated the
relevance of learned inversion strategies for this problem. The present contribution focuses on the
methodological advances added on top of this initial framework.

Retrieving wave spectra from SWIM measurements remains challenging because of directional ambiguity,
measurement noise, and model mismatch, while existing approaches rely either on analytical inversion schemes
or on numerical model targets that do not fully represent the variability observed by the instrument. More
generally, operational numerical wave models, such as WaveWatch Il (WW3) or WAM, are highly informative in
a statistical sense but cannot be regarded as exact ground truth for supervised training: beyond their tendency to
produce spectra smoother than those observed by SWIM, they can also misrepresent swell systems, especially
in the long-wavelength part of the spectrum.

In this work, we present two advances for wave-spectrum retrieval from SWIM off-nadir data. The first is a
coupled learning strategy in which two neural networks with the same U-Net architecture are trained jointly: a
backward model that retrieves wave spectra from SWIM measurements, and a forward model that predicts SWIM
observations from wave spectra. This formulation allows numerical-model information to be used as a prior in the
optimization rather than as an absolute target. The retrieval is therefore constrained simultaneously in the wave
domain and in the SWIM observation domain, which improves fidelity to the observed spectral shape and limits
the tendency to inherit overly smooth or partially misrepresented spectral structures from the numerical model.
The learned forward model also provides a practical way to simulate SWIM observations from candidate wave
spectra. In addition, we introduce a blind-spot strategy so that the inversion does not encode SWIM speckle
noise, and more generally measurement noise, into the retrieved wave spectrum.

The second advance is the explicit separation of wave components propagating toward and away from the
sensor direction. These two contributions were previously merged because the phase information was generally
assumed to be lost in the measurement process. Our results indicate that this assumption is not always limiting:
in some situations, the network is able to recover information related to this 180° directional ambiguity. We
propose to analyze the conditions under which this propagation direction related information can be retrieved, as
this capability could become a significant asset for wave-data assimilation.

Taken together, these two developments improve the quality of the retrieved wave spectra, both in standard
metrics and in physically meaningful characteristics such as the spectral shape of individual wave systems and
the separation between up-wave and down-wave components. They also provide a new way to analyze the
SWIM measurement itself: the forward model can be used to simulate the wave-induced signature seen by the
instrument while filtering out noise and non-wave contributions, and the up-wave/down-wave analysis offers new
insight into what directional information is effectively preserved by the sensor physics. Overall, this work reframes
deep-learning inversion of SWIM data as a bidirectionally constrained problem, better aligned with the physics of
the observation, while opening the way to both improved retrieval and new interpretation tools for SWIM
measurements.
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Abstract:

Ocean waves play a crucial role in the exchange of heat and momentum fluxes fluxes between the atmosphere
and the ocean. The main objective of this work is to assess the long term impact of better wave-coupled
processes, such as Stokes drift and surface stress by assimilating directional wave observations provided by the
SWIM instrument onboard CFOSAT, on the ocean circulation. For this purpose, we used the MFWAM wave
model and the NEMO ocean model, both configured on a 25 km grid resolution and forced by IFS-ECMWF winds
and sea ice fraction. Several coupled simulations were carried out over the period from 2019 to 2022. The most
successful experiment assimilated both SWIM wave spectra and nadir significant wave heights. A control
experiment without wave forcing in NEMO ocean model was also developed to evaluate the impact on ocean
circulation.

This study focuses particularly on the Southern Ocean and marginal ice zones. Following Bedossa et al. (2026),
we showed that assimilating SWIM spectra significantly improves the estimates of wave celerity, wave age, and
surface stress in the Southern Ocean. We also observed an impact of the assimilation on the dominant wave
direction in the marginal ice zone, which may lead to changes in wave attenuation under sea ice conditions.
Regarding the coupled simulations, results showed an improvement in the estimation of the ocean mixed layer
depth compared with mixed layer climatology (De Boyer et al. 2023), especially when the sea state is enhanced
by SWIM wave spectra. The improvement is remarkable particularly during summer and autumn in the marginal
ice zones. In the Southern Ocean, the assimilation of SWIM wave data significantly reduces the overestimation of
the mixed layer depth observed in the control simulation within storm tracks. We also found a better
representation of inertial oscillations in the vicinty of Anti Circumpolar Current in the Southern Ocean with the
coupled simulation using CFOSAT wave data.

Additional comparisons with Argo profiles indicate that using CFOSAT-improved wave forcing leads to better
agreement with observed temperature variations in the upper ocean layers of the Southern Ocean. Further
comments and discussion related to the impact on ocean heat content will be provided in the final presentation.

Bedossa E., L. Aouf, D. Hauser, A. Dalphinet, H. Giordani, F. Collard (2026) : Long term assimilation of
directional wave data from CFOSAT in the wave prediction model MFWAM, Accepted in Earth and Space
Science AGU journal.
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Argonautica, ocean and satellites from kindergarten
to engineering school

Estelle Raynal (CNES, France)

Session: (Very) young scientists session
Presentation type: Oral

Abstract:

Since Fall 2000, the French Space Agency, CNES, has proposed to teachers and their classes,
mostly at primary and secondary school levels, to monitor marine animals and buoys using the
Argos location system. This STEM educational project called “Argonautica”, joins both Argos and
Jason (and his Argonauts) in its name. It aims to help pupils understand the ocean, its relation to
environmental change and the effects on the living world. It also shows them what roles satellites
can have in monitoring and understanding these resources. Students and teachers can thus
undertake a real scientific investigation with hypothesis, ways to check on them, and analysis of
results, with help from scientific partners. It has three different sub-projects.

With “ArgOcean”, students can compare the buoys’ tracks with ocean data — from satellites such
as the Jason altimeters, SWOT, Sentinels and others, or from an ocean circulation model.
Moreover, classes can build their own buoy, from designing the shell to integrating the electronics
or even designing new instruments to measure storms or plastic in the ocean.

“ArgoNimaux” is the most popular for the youngest, who can choose to track a marine animal
week by week; in collaboration with researchers, and also compare their tracks with ocean data.
They can see the impact of the ocean variations on marine animals, and learn more about the
animals’ behaviour, their migrations, foraging trips, etc.

“ArgoHydro” extends the program to inland waters, allowing students to study lakes and rivers
through documentary resources, pedagogical challenges and a satellite-data platform that
provides time-series of water-level measurements. This gives pupils a hands-on way to analyse
hydrological dynamics and the influence of climate variability on freshwater systems.

Material is available in French, but also in English for the main information on the project and on
the data.

One class is going to present its project.
https://cnes.fr/education/argonautica
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lake Guerlédan (France) for inland water satellite
cal/val
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Abstract:
Presentation preference: oral (not in person) or poster

Satellite altimetry plays a crucial role in monitoring water levels in lakes and rivers, enabling large-scale
hydrological observations and advancing our understanding of continental water dynamics [1]. To ensure the
accuracy and reliability of these measurements —particularly with the advent of new two-dimensional
observations from SWOT — the establishment of long-term operational Fiducial Reference Measurements
(FRMs) is essential for robust calibration and validation (cal/val) activities [2].

In this context, Lake Guerlédan (Brittany, France) has recently been recognized as a European
calibration/validation site for Sentinel-3 within the St3ART-FO program. The GLASIC project brings together
French stakeholders from multiple communities to maximize the value of in situ and satellite observations over
the lake. These efforts include continuous monitoring through a vorteX-io (https://www.vortex-io.fr/en/home/)
microstation installed on the dam, operational data management via the ESA FRM DataHub platform (https:/frm-
datahub.noveltis.fr/) coordinated by Noveltis, and periodic field campaigns conducted by researchers and
students from ENSTA engineering school (https://www.ensta.fr/).

A key strength of the project lies in the sustained analysis of the dataset carried out by ENSTA teams and
students. For over a decade, the lake has served as a field laboratory for hydrography and robotics students
during final-year engineering projects (see https://guerledan.ensta-bretagne.fr/ for more details), fostering a
strong understanding of the lake’s environment and dynamics. This year, students conducted a two-week field
campaign involving the deployment of multiple in situ sensors, including GNSS buoys, pressure gauges, and a
GNSS-IR low-cost system. They performed detailed data analysis, including GNSS processing and the
establishment of a consistent vertical reference framework for all observations. Attention was given to ensure
consistency between measurement systems, using the EPONIM Shom tide gauge system [3] as a reference. In
parallel, students analysed satellite altimetry data from Sentinel-3A and SWOT, systematically comparing these
datasets with in situ measurements to support calibration and validation activities.

Through this project, students develop advanced technical competencies while enhancing their communication
and outreach skills with guidance from the CNES Argonautica (https://cnes.fr/education/argonautica) team.
Although currently limited to France, this initiative could inspire other academic institutions across Europe. It may
also foster the establishment of international collaborations around a shared cal/val network, which would
simultaneously strengthen scientific capabilities and serve as a robust educational platform.

References:
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Exploring altimetry products through WEKEO and
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Abstract:

Jupyter Notebooks have become a widely adopted and highly effective tool for technical training, combining
executable code, narrative text, and visualisation in a single, interactive environment that supports hands-on,
reproducible learning. To support users of its marine data streams, EUMETSAT maintains a series of dedicated
GitLab repositories containing Jupyter Notebook—based training materials and example workflows, including a
comprehensive collection focused on altimetry. These repositories provide structured, open-source resources
designed to facilitate both introductory and advanced use of satellite data.

In this demonstration, we will present an overview of the notebooks developed for working with data from
Copernicus Sentinel-3 and Sentinel-6 Michael Freilich. Beginning with an introduction to the EUMETLAB GitLab
repository, EUMETSAT’s central hub for training materials, we will show how these notebooks can be configured
for use in both local and cloud-based environments, with a particular focus on deployment in WEKEO via its
Jupyter Catalogue. Examples will illustrate key workflows including data discovery, data access, and data use,
alongside demonstrations of theoretical models and applied use of the data in support of case studies.

All notebooks are open-source and freely available for use in any context. The library is actively maintained as a
collaborative resource, and we welcome discussion and contributions to update, expand, and improve its content.
If you are interested in using these materials to support a training event or activity, we would be very pleased to
hear from you.
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Abstract:

Jupyter notebooks (especially in Python) have become standard in data-related training materials. They are also
often used by data user services to provide open-source tools, tips and tricks, for using the data.

However, there are notebooks and then there are notebooks... copy-pasting code lines in cells does not, by itself,
make a program easy to understand for anyone, nor does it automatically transfer knowledge to the reader.
They are also made with different objectives in mind, in different contexts, to deal with different data complexity,
and are aimed at different publics, so they should (ideally) reflect all those parameters.

We will try to sketch a few "best-practice", considering all these parameters, and we will invite participants to
discuss on them, and on their own practices with such tools.
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Abstract:

Assessing the quality of Earth observation data is essential for ensuring their effective use in scientific research
and operational applications. The ESA’s Earthnet Data Assessment Project (EDAP+) defines best practice
guidelines to support the evaluation of data products, following the principles of the Quality Assurance for Earth
Observation (QA4EO). A central component of this approach is the use of Cal/Val Maturity Matrices, which
provide a consistent method for assessing and reporting how well datasets conform to community agreed good
practices and to the Mission’s target performances. These matrices offer a structured way to evaluate datasets
across multiple quality dimensions, such as documentation, calibration, uncertainty estimation, and validation.
We have adapted these maturity matrices for satellite altimetry, building on approaches already established for
optical, SAR, and atmospheric datasets. EDAP+ quality assessment documents have now been produced for
inland water, land ice, and sea ice surfaces through a collaborative process involving leading experts in each
theme. The current version focuses on Level2 geophysical parameters, including water level products over inland
waters (pointwise, time series, and multi-mission); along-track and gridded surface elevation and elevation
change products over land ice; freeboard, snow depth, and sea ice thickness (along-track and gridded) over sea
ice. These first version documents will be openly released in the near future.

We will present our methodology, the structure of the proposed maturity matrices, and the ways in which they can
be adapted by the community as a baseline for quality assessment. As these guidelines are intended to remain
living documents, they will continue to evolve as new methods, requirements, and best practices emerge. We
welcome engagement from the broader community to improve, refine, and adopt these frameworks, and
encourage further participation in our working groups.

We acknowledge the contributions of the expert group involved in formulating this first version of the guidelines,
including the Alfred Wegener Institute (AWI), Centre National d’Etudes Spatiales (CNES), Centre National de la
Recherche Scientifique (CNRS), Collecte Localisation Satellites (CLS), Technical University of Denmark (DTU),
Fluctus SAS, Institute of Geodesy (GIS) at University of Stuttgart, Institut National de Recherche pour
I’Agriculture, I’Alimentation et 'Environnement (INRAE), Informus, isardSAT, Lancaster University, the Norwegian
Polar Institute (NPI), the National Physical Laboratory (NPL), and Université Grenoble Alpes (UGA).
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Abstract:

NASA Physical Oceanography Distributed Active Archive Center (PO.DAAC,
https://www.earthdata.nasa.gov/centers/po-daac) would like to highlight its current altimetry dataset offerings
(chiefly SWOT and Sentinel 6A/B), the status of data tools and services, user resources, and ongoing
developments in services for surface water topography data. We will highlight new developments in SWOT
availability in Earthdata GIS (EGIS), and virtual data stores (VDS). For EGIS, we will touch on the recently
enabled SWOT Rivers Feature Service. For VDS, we will discuss how the currently available VDS versions of
select PO.DAAC datasets simplify and streamline data access, computation, and interdisciplinary research
applications. The operationalization and automation of VDS production is in active development. We may
elaborate on VDS usage if given the opportunity in the Showcase component.
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Abstract:

AVISO, the CNES portal for satellite altimetry data and services, provides a wide range of products supporting
applications in ocean circulation, sea-level variability (including the Mean Sea Level climate indicator), coastal
dynamics, and ice monitoring. Recent developments include updated datasets, new visualization capabilities,
and improved data dissemination services. The portal also offers handbooks and tools to facilitate the use of the
datasets in scientific analyses. This poster presents the main product evolutions and ongoing improvements to
the services.
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Abstract:

time-slot for short presentations (1-2 slides) on outreach and data services
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Abstract:

The ARCFRESH project is supported by ESA to study how the Arctic freshwater system is undergoing major
changes, with implications for ocean circulation, sea level, and ecosystem resilience. However, large-scale and
long-term assessments of Arctic freshwater fluxes remain limited due to sparse in situ records and
methodological inconsistencies. Here we present results from the ArcFresh project (ESA Cross-ECV), which
integrates seven ESA CCI Essential Climate Variables together with the Sea Level Budget X-ECV to provide
consistent estimates of freshwater storage and fluxes across the Arctic.

After the first year we have compiled multi-mission satellite altimetry, sea surface salinity, sea ice, glacier and ice
sheet mass balance, river discharge, and precipitation—evaporation to estimate pan-Arctic and sub-regional
freshwater budgets and fluxes through the major Arctic gateways. Advanced EO-driven methods allow us to
extend freshwater flux records over two decades (2003—-2022), enabling the study of both long-term trends and
extreme events. Rigorous uncertainty propagation ensures that derived fluxes and budgets can be robustly
compared across regions and time.

By delivering homogenized, observation-driven estimates of freshwater changes both within the Arctic and across
its boundaries, this work advances understanding of how Arctic freshwater dynamics interact with large-scale
ocean circulation, with implications for the Atlantic Meridional Overturning Circulation (AMOC), Northern
Hemisphere climate, and Arctic marine ecosystem.

ARCFRESH team.
https://climate.esa.int/en/Cross_ECV_Projects/arcfresh/
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Abstract:

The Florida Current (FC), which flows northward through the Straits of Florida and forms the upstream portion of
the Gulf Stream, plays a central role in the transport of volume, heat, salt, and nutrients in the subtropical North
Atlantic. Its seasonal variability influences climate, weather, marine ecosystems, and coastal flooding risk along
the southeastern United States. While the FC has been extensively observed, the growing availability of satellite
altimetry and in-situ measurements enables a more complete assessment of its seasonal cycle. Here we
synthesize observations from nadir and wide-swath satellite altimetry, repeat hydrographic sections, moored
pressure gauges, and submarine cable measurements to examine seasonal variability in FC volume transport.
Due to geostrophic balance, transport variability is closely linked to cross-stream sea level gradients measured
by both altimetry and pressure gauges. A phase offset of ~40-60 days between peak sea level on the eastern
and western sides of the FC enhances this gradient, indicating that the seasonal cycle is not solely amplitude-
driven, but strongly phase-driven. This timing sets a transport maximum in July and minimum in November. The
phase difference is primarily driven by wind forcing. During summer, when waters near the Bahamas reach its
maximum heat content, prevailing southerly winds drive offshore Ekman transport and coastal upwelling along
the Florida east coast, lowering coastal sea level while maintaining elevated sea level near the Bahamas. In fall,
winds shift to northeasterly, driving onshore Ekman transport and coastal downwelling, which raises coastal sea
level. These wind-driven processes generate 5—-7 cm of steric sea level difference between summer and fall,
largely thermosteric in origin, and constitute the dominant mechanism controlling the seasonal variability of the
FC. In addition, we find that the upper-ocean water masses - Florida Current Surface Water (FCSW) and
Subtropical Underwater (STUW) - contribute most to the seasonal variability of the FC, although their individual
contributions largely compensate for each other. Seasonal variability in their volume transports is driven primarily
by changes in layer thickness, with a secondary contribution from velocity anomalies. Together, these results
identify wind-driven coastal processes and cross-stream phase differences as key controls on FC seasonality,
with important implications for its predictability and regional impacts.
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Abstract:

Satellite altimetry has transformed our view of sea-surface height variability in the North Atlantic, a region where
ocean circulation plays a central role in heat storage, redistribution, and climate variability. Yet the dynamical
interpretation of widely used SSH- and temperature-based circulation metrics remains uncertain. In the subpolar
North Atlantic, the gyre index and the AMOC fingerprint are often treated as distinct indicators of horizontal gyre
circulation and overturning variability, respectively. Here, using satellite altimetry, hydrographic observations,
upper-ocean heat content estimates, and direct AMOC measurements, we revisit that interpretation.

We show that these two metrics largely capture the same dominant mode of subpolar North Atlantic variability.
They are strongly correlated, produce nearly indistinguishable spatial patterns in SSH, subsurface temperature,
and ocean heat content. Importantly, comparison with direct overturning estimates sharpens this result: the
AMOC fingerprint does not emerge as uniquely more representative of AMOC variability than the gyre index, and
both metrics exhibit a similar relationship to RAPID AMOC estimates. Rather than isolating distinct dynamical
components, both metrics appear to reflect broad heat-content variability produced by multiple mechanisms.

These results matter for how altimetric SSH is interpreted as a measure of circulation change. SSH may be
observed with great accuracy, but SSH alone does not uniquely identify the circulation changes behind the
signal. If multiple mechanisms project similarly onto SSH, then SSH-based metrics may be more dynamically
ambiguous than their names suggest. What, then, can SSH robustly tell us about circulation change, and where
do direct observations remain essential for interpretation?
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Abstract:

Over the four decades following the 1976/77 climate regime shift, the Kuroshio Extension (KE) in the North
Pacific subtropical gyre exhibited quasi-decadal oscillations between stable and unstable dynamic states. These
oscillations were facilitated by a delayed negative feedback loop involving wind-forced interior ocean adjustment,
its modulation on the KE dynamic state, and the KE’s feedback onto atmospheric storm tracks and the wind
stress field. After 2018, this feedback loop ceased to function, giving rise to a new dynamic regime, in which the
Kuroshio south of Japan assumes a persistent offshore meandering path, while the stabilized KE jet migrates
poleward. We identified three key processes responsible for the emergence of this regime: (1) a shift in the
external forcing field, characterized by intensified wind forcing over the northern subtropical gyre and weakened
forcing over the southern gyre; (2) nonlinear reinforcement between the meandering Kuroshio and the poleward-
migrated KE jet; and (3) altered storm track and wind stress responses to the KE’s newly established state. The
establishment of this regime has significant implications not only on regional mode water properties but also for
marine biogeochemical conditions across the broader North Pacific basin. Our analysis suggests that the recent
decline in dissolved oxygen observed at Station ALOHA off Hawaii can be quantitatively attributed to changes in
wind-forced ventilated thermocline circulation.
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Abstract:

The Patagonian continental shelves around southern South America form an interconnected system with intense
interocean exchanges between the Pacific and Atlantic oceans. Despite its relevance, the variability of the shelf
circulation and the interocean exchanges remains incompletely understood. This study aims to quantify the
transport over the Patagonian shelves, the exchanges between the Pacific and Atlantic shelves, and to explore
their relationship with wind forcing. To this end we use satellite-derived sea level anomalies, velocity fields from
the GLORYS ocean reanalysis, and surface winds from ERA5. Composite analyses of the leading modes of
zonal and meridional wind reveal a well-defined response of sea level anomaly fields, and modulate the along-
shelf and interocean transports. Overall, wind forcing modulates both the intensity of along-shelf transport and
the flow of Pacific waters onto the Atlantic shelf. Southerly wind anomalies are associated with reduced
southward transport over the Pacific shelf and the Cape Horn Current and enhanced northward transport over
the Atlantic shelf. This circulation pattern favors a salinity increase over the Atlantic shelf. The opposite behavior
is observed during northerly wind conditions. Additionally, stronger westerlies are linked to intensified transport
over the Atlantic shelf and enhanced Pacific to Atlantic flow through the Le Maire Strait. These results highlight
the role of wind forcing in modulating shelf circulation and interocean exchanges over the Patagonian shelves.
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Abstract:

The Southwest Indian Ocean (SWIO) includes the island nations of Madagascar, Mauritius and Reunion and is
bordered by the east coast of Africa where the marine ecosystems provide significant socioeconomic benefits,
such as coral reef-based tourism and fisheries. Warm sea surface temperature (SST) in this region can have
profound impacts on marine ecosystems and regional weather. However, large-scale transient MHWs and their
drivers in the SWIO remain largely unknown. Here, we investigate MHWSs, their recent changes, and underlying
drivers in the SWIO from 1982 to 2023, using a combination of satellite observations (winds, SST and SSH),
ECCO reanalysis data, and climate model simulations. Our results show distinct decadal changes in MHW
frequency and intensity, characterized by active MHWs in 1982—1991, a pronounced suppression from 1992 to
2004, and a rapid resurgence beginning in 2005. For transient MHW events, their associated SST anomalies
exhibit large spatial scale, extending across the SWIO. We find that the main drivers of the MHW events are
surface wind anomalies associated with middle-latitude atmospheric intraseasonal Rossby waves that intrude
into the subtropics. These wind anomalies weaken the mean wind speed and increase specific humidity by
advecting moist tropical air into the subtropical SWIO. These processes reduce latent heat loss, shallow the
surface mixed layer, enhance shortwave heating, increase SST, and ultimately trigger MHW events. For the
decadal disruption, volcanic eruptions combined with decadal variability of the subtropical Indian Ocean Dipole
(SIOD) reduce SST and lead to the MHW suppression, while natural and anthropogenic forcings together with
the SIOD and South Atlantic Multidecadal Variability (SAMV) contribute to the increased MHWs in other decades.
Our findings highlight the important interplay between external forcings and multiscale internal climate variability
in shaping regional extremes, having important implications for MHW prediction.
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Abstract:

Following the success of SWOT, SSNGT will be the next satellite system to carry a wide-swath interferometric
radar altimeter. The mission is planned for launch in 2030 and will consist of two spacecrafts, each carrying an
across-track wide-swath interferometer (SAOOH), a nadir altimeter, and a multi-channel microwave radiometer.
The primary objective of S3NGT is to ensure continuity of Sentinel-3 topographic measurements while also
responding to evolving user requirements. The mission is currently preparing to enter Phase B2/C.

As part of the analysis carried out in the ESA project SSNGT-MPUA to define the mission performance and
uncertainty assessment of SBNGT pre-launch, we provide a systematic overview of the uncertainty-budget based
on simulations. The simulation process begins by introducing several major sources of uncertainty — including
random instrument noise, instrumental knowledge errors, and errors due to wet-tropospheric path delay — into a
simulated ocean model to generate SSNGT-like Level-2 observations. The simulated swath data are then
cross-calibrated to extract the systematic effects, and the calibration parameters are propagated along the orbit.
The setup provides one realisation of the expected uncertainty budget of the future mission based on the
embedded assumptions.

In reviewing the uncertainty assessment, we highlight the conceptual challenges of performing a bottom-up
realisation of the uncertainty budget due to the specific nature of the wide-swath processing — that a mixture of
individual sources of uncertainty is fed into the cross-calibration process, and their effects are mitigated through
an inversion scheme that cannot be mapped directly back to the original individual sources. We will discuss the
link between this conceptual aspect and the mission-performance requirements.

Finally, we provide numerical results from the simulation-based uncertainty assessment and compare the
outcome of the cross-calibration process using an ordinary least-squares adjustment (as the baseline method)
with a generalised least-squares implementation in which a data-driven covariance matrix is introduced into the
adjustment. This part of the analysis aims to better characterise the impact of ocean variability and the ways in
which it influences the performance of the cross-calibration and, ultimately, the final uncertainty budget of the
mission.

This study has been funded through the ESA project Sentinel-3 Next Generation Topography Mission —
Preliminary Mission Performance and Uncertainty Assessment (S3NGT-MPUA).
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Abstract:

Assessing the long-term stability of Global Mean Sea Level (GMSL) requires an independent and rigorous
validation framework. The Sea Level Budget Closure (SLBC) approach has emerged as a useful diagnostic tool
for assessing instrumental drifts in satellite altimetry. Previous studies demonstrated that residuals of the SLBC
can reveal subtle sea level drifts in the observing system. In particular, Dieng et al. 2017 assessed the GMSL
drift due to the TOPEX-A altimeter, while Barnoud et al., 2023 highlighted a GMSL drift due to the Jason-3
microwave-radiometer-derived wet tropospheric correction.

This study presents the SLBC not only as a geophysical integrator but as a primary validation method to assess
GMSL stability. By accounting for the structured propagation of uncertainties across the altimetric (relative sea
level), gravimetric (barystatic), and in situ (steric) components, we establish a Key Performance Indicator (KPI) to
detect and quantify potential instrumental or geophysical drifts.

Utilizing the latest ESA SLBC CCl+ dataset and its improved components uncertainties estimation, we implement
a robust uncertainty framework that underpins this KPI. This methodology is applied to the validation of the
TOPEX GMSL record, specifically evaluating the stability of the recent AVISO L2P-2024 products (GDR-F
release). We detect a significant drift during the TOPEX-A period of 1.9 + 0.9 mm/yr (10). This instability is
primarily observed during the TOPEX-A Side A1 period (1993-1996), reaching 3.2 + 1.3 mm/yr (10). Additionally,
a drift of 3.55 + 1.09 mm/yr (10) was identified during the TOPEX-B period.

This study evaluates the empirical corrections proposed by Quet et al. (2026) designed to mitigate these TOPEX-
A and TOPEX-B drifts. These corrections are derived from comparisons with Poseidon-1 data during the TOPEX-
A mission and validated against tide gauge records across the entire TOPEX lifespan. By applying our SLBC-
KPI, we assess the efficacy of these empirical corrections in improving budget closure. Our analysis
demonstrates that these corrections effectively reduce the TOPEX GMSL drift using entirely independent
datasets.
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Abstract:

Dual-frequency altimeter measurements can be used to extract information on ionospheric delay corrections and
total electron content below the satellites. Knowing the stability and accuracy of these corrections precisely is
essential for assessing their impact on sea level studies. As there is no ground truth to which the estimated delay
information can be compared, relative comparison between different sensors is a common validation method.
Tandem phases between altimetry missions are usually planned for calibration and last for a few months before
the older mission clears the orbit for its successor. During these periods, the two satellites are on the same orbit,
a few seconds apart from each other, so that identical geophysical conditions can be assumed. Jason-3 and
Sentinel-6A are the first altimetry missions ever to have two tandem phases separated by a few years. This
allows accessing the stability of the difference in ionospheric corrections over longer periods, as well as their
dependence on different solar conditions, which changed significantly between 2021 and 2025.

This study analyses the differences between the two missions, Jason-3 and Sentinel-6A, taking into account the
noise behaviour and the long-term stability of ionospheric corrections, as well as their correlation with absolute
ionospheric activity and sea state. Furthermore, the influence of different processing versions, retrackers, and
smoothing approaches will be investigated.
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Abstract:

Accurate estimation of long-term climate trends and their associated uncertainties is crucial for addressing key
scientific questions regarding the Mean Sea Level (MSL) and the Ocean Heat Content (OHC). These objectives
demand stringent scientific requirements on the MSL stability as outlined in Meyssignac et al. (2023) : 0.1 mm/yr
over 10 years within 90% confidence interval

A common method to propagate uncertainties is the Monte-Carlo technique, which is easy to implement.
Knowing the uncertainties of the variables used in the processing chain (e.g. MSL calculation) is sufficient,
regardless of the complexity of the processing chain. However, this approach is computationally intensive, as a
high number of error realizations have to be propagated through the processing chain.

Here, we propose an alternative approach using the "general law of error propagation" (BIPM et al., 2008). By
applying a first-order Taylor approximation to the function f, we estimate target uncertainty while accounting for
temporal and inter-variable correlations. This method produces a time covariance matrix to quantify trend and
acceleration uncertainties at a fraction of the computational cost of Monte-Carlo simulations.

This technique is first applied to an alternative Wet Troposphere Correction (WTC) (Barnoud et al., 2023) derived
from the Water Vapour CDRs (Andersson et al., 2017). By modeling uncertainties in both the water vapour data
and the polynomial parameters through a time covariance matrix, the methodology provides a robust estimation
of global and regional trend uncertainties. The method is described on the ASELSU website, and the final results
are available on the AVISO platform (Magellium/LEGOS, 2022). This approach yields uncertainties consistent
with Monte-Carlo simulations while significantly reducing computational requirements.

This framework is also applied to the Sea State Bias (SSB) correction by modeling it as a function of Significant
Wave Height (SWH) (ASELSU, 2026). By integrating uncertainties from both the SWH (estimated during the
compression step) and the model parameters, the methodology generates global and regional SSB uncertainty
estimates expressed as time covariance matrices.
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Abstract:

Monitoring sea level rise is crucial in the context of climate change, particularly in coastal regions where a large
fraction of the global population is concentrated. Satellite altimetry provides long and homogeneous time series
of sea level observations with near-global coverage, making it a key tool for studying sea level variability and
trends. However, the retrieval of accurate altimetric measurements close to the coast remains challenging due to
signal contamination from land and complex coastal processes. Recent advances in coastal altimetry processing
now allow the derivation of sea level observations only a few kilometers from the shoreline (Cazenave et al.,
2022), providing new opportunities to investigate sea level variability in these highly vulnerable areas. Here we
want to provide new insights of the new geophysical information this represents by quantifying the associated
uncertainties.

In this study, we extend previous work on altimetric sea level uncertainty estimation to high-resolution along-track
observations in coastal regions. Building on the error budget framework proposed for Global Mean Sea Level
(Ablain et al. 2019) and later adapted to gridded sea level altimetry products (Prandi et al. 2021), we estimate
uncertainties on along-track sea level anomaly trends derived from Jason-1/2/3 missions within 20 km of the
coastline over the period January 2002—-June 2021. We use the virtual altimetry stations for measuring sea level
along the world coastlines product, distributed by SEANOE (DOI :10.17882/74354). The analysis is performed on
high-resolution data with a spatial sampling of approximately 300 m. We define a comprehensive error budget,
compute the associated error variance—covariance matrices, and derive 90% confidence intervals on sea level
trends while accounting for temporal error correlations.

In contrast to the work of Prandi et al. (2021) on gridded sea level altimetry product, we use along-track data and
assume that the main difference in the error budget associated to high-frequency altimetry data in coastal areas
comes from much larger uncertainties in the geophysical corrections (Andersen and Scharroo, 2011, Birol et al.,
2025). Therefore in this study, we develop a new method to characterize the high frequency noise from
geophysical corrections in order to take into account the specific characteristics of our coastal sea level dataset.
Our results provide the first global estimates of uncertainties on altimetric sea level trends in coastal areas using
high-frequency along-track observations. Confidence intervals are derived for 1634 coastal segments of satellite
tracks distributed worldwide. They are about to be integrated into the original virtual altimetry stations product, so
that they will be available to users. This work contributes to improving the quantification of uncertainties in coastal
sea level observations and provides valuable information for climate studies and coastal risk assessments
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Abstract:

The upcoming Copernicus Polar Ice and Snow Topography Altimeter (CRISTAL) mission aims to improve the
retrieval of ice thickness for sea ice and icebergs, and ice elevation for land ice, by utilising a dual-frequency
Interferometric Radar altimeter for Ice and Snow (IRIS). The Ka-band radar that reflects near the air-snow
interface, together with the Ku-band radar that reflects near the snow-ice interface, enables estimation of the
snow-layer thickness and supports a more accurate retrieval of ice thickness through the equation of hydrostatic
equilibrium. It is important that uncertainties in key retrieved variables, such as sea ice thickness, are well-
characterised before launch so that users can have confidence in the CRISTAL data products from the start of
operation.

In this work, we analyse the Level-2 ice-product processing chain from CLEV2ER to identify, quantify and trace
the main sources of uncertainty affecting CRISTAL ice-thickness retrievals. Our approach involves:
demonstrating where the uncertainty contributions enter the processing chain using Uncertainty Tree Diagrams,
conducting a correlation analysis, characterising the shape and magnitude of the uncertainty in upstream
measurands with PDFs, and propagating uncertainties through the processing chain using the Monte Carlo
Method. This approach follows the Quality Assurance for Earth Observation (QA4EQ) framework, and therefore
this presentation will also demonstrate the effectiveness of the framework in producing a rigorous, well-
documented uncertainty analysis.

We focus on the retrieval of land ice elevation, and sea ice and iceberg thickness using the SARin and SAR
modes, assessing how uncertainties from retracking, snow-property assumptions and snow/ice density models
propagate to the final ice thickness estimate. For the case of observing sea ice, seasonality is also shown to be
an important consideration because the melt season significantly reduces the impact of the snow layer,
introduces electromagnetic biasing in the freeboard through the presence of melt ponds, alters the proportion of
first-year ice (FYI) to multi-year ice (MYI), and reduces the average sea ice density. The results of the uncertainty
analysis will inform improvements to the Level-2 processor and help ensure robust uncertainty characterisation
ahead of launch.
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Abstract:

Since the introduction of Synthetic Aperture Radar (SAR) altimetry in the early 2010s, it has become an important
tool for observing sea surface height, sea ice, glaciers, and inland waters. Compared with conventional altimetry
(CA), SAR altimetry significantly improves along-track resolution, reducing the effective footprint from several
kilometers to a few hundred meters. This higher resolution is particularly beneficial in coastal regions, where
reflections from nearby land surfaces can contaminate the altimetric signal and degrade the quality of retrieved
geophysical parameters. However, in the across-track direction the SAR footprint remains several kilometers
wide, like CA, and therefore remains susceptible to land contamination.

For conventional altimetry, land contamination can be mitigated by retracking only a minimal portion of the
waveform. One widely used method is the Adaptive Leading Edge Subwaveform (ALES) retracker, which
enables the retrieval of geophysical parameters closer to the coastline. A similar strategy has been applied to
SAR altimetry through the ALES+SAR framework. However, these approaches typically require a two-pass
retracking procedure: first, a preliminary retracking step is used to determine the optimal subwaveform, followed
by a second retracking using the selected waveform portion. In addition, these algorithms estimate the
backscatter coefficient, sea surface height (SSH), and significant wave height (SWH). While this approach is
appropriate for CA, SAR altimetry requires the additional consideration of wave particle velocities to reduce
biases in SSH and SWH estimates.

In this study, we address these limitations by first applying a stack retracker that accounts for variations in vertical
wave particle velocities and mean line-of-sight velocities within the wave field observed by a radar altimeter.
Building on this approach, we introduce an ALES-like strategy by defining an optimal substack to reduce land
contamination. To avoid the need for an initial substack retracking step, we implement a SAR waveform gradient
correlation function that provides first guess estimates of SSH and SWH used to determine the optimal substack
without utilizing a nonlinear optimization algorithm, such as Levenberg-Marquardt.

The performance of the proposed method is evaluated against a full stack retracker using data from Sentinel-6A
and Sentinel-6B. Furthermore, SAR altimetry results are compared with in situ observations from tide gauges and
wave buoys located in the Chesapeake Bay and along the Swedish west coast.
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Abstract:

Sea State Bias (SSB) is a standard radar altimetry correction designed to remove sea state dependent range
errors that affect Sea Level Anomalies (SLA). However, existing SSB models have been developed mainly from
global deep ocean datasets, raising questions about their validity in coastal environments where sea states differ
fundamentally.

In this study, we use a colocated ALTICAP/Jason-3 x RESOURCECODE/IFREMER dataset (year 2019) to
quantify what the SSB correction removes and what residual dependencies remain, separately for deep ocean
(>200m depth) and coastal (<200 m) regimes.

We follow a two-pronged approach. First, Weighted Linear Regressions (WLR) quantify how SLA_NOSSB and
SLA respond to individual sea state descriptors across a rich set of bulk, spectral, air-sea interaction, and wave
kinematic parameters. This reveals that SSB is highly effective offshore, leaving only a small residual linked to
SWH, whereas in the coastal regime the correction tends to over-correct variables correlated with wind and
steepness, producing positive residuals.

Second, Principal Component Analysis (PCA) identifies two dominant latent factors, Energy (PC1) and Swell/Age
(PC2), that structure the predictor space. Projections of SLA_NOSSB and SLA onto PC1-PC2 confirm the WLR
results:

- offshore, SLA lies near the origin, indicating efficient correction;

- near the coast, SLA exhibits a PC1 sign reversal, consistent with over-correction or non-linear re-organization of
correlated sea state contributions.

Together, the WLR and PCA analyses highlight clear differences in SSB behaviour between deep ocean and
coastal environments and motivate the development of coastal dedicated SSB corrections using additional sea
state predictors beyond the operational SWH/WS/T02 set.
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Abstract:

A critical manifestation of climate change is the intensification of extreme weather events, particularly storm
surges. Driven primarily by strong winds and atmospheric pressure fluctuations associated with severe storm
systems, storm surges can devastate coastlines through the rapid rise in sea level. Much of the current research
using altimetry to monitor storm surges focuses on localized case studies and utilizes a combination of in situ,
model-generated, and remote sensing data. The overarching objective of this research is to develop a global
approach for monitoring extreme sea level events at the coast using altimetry-derived sea level anomaly (SLA)
and wave parameters. This study focuses on assessing the capability of altimetry-derived products to detect
storm surge events through validation against in situ observations and reanalysis data. The data used in this
project are 20 Hz, along-track altimetry data sourced from the ESA Climate Change Initiative (CCl) Sea State and
Sea Level products. Supplementary datasets used for validation purposes are tide gauges sourced from the
GESLA-4 dataset and reanalysis data from the hydrodynamic model GTSMv3.0. The analysis approach entails
performing extreme value statistics on tide gauge and GTSM data to identify potential surge days, then
evaluating individual altimetry tracks on flagged days for signatures of storm surges, then computing wave
parameters to improve surge identification. Initial results demonstrate that 20 Hz coastal SLA data can
successfully detect storm surge events. However, the intensity and appearance of the surge signature is
contingent on the temporal alignment between the surge peak and the satellite pass. The evaluation framework
supports the integration of altimetry products into digital flood models, enhancing the ability to quantify coastal
risk and predict the impacts of extreme sea level events. The work contributes to the broader climate adaptation
strategies within the European Space Agency (ESA) FRACCEO project in collaboration with Deltares in Delft, the
Netherlands, TU Delft in Delft, the Netherlands, and the Nansen Environmental and Remote Sensing Center in
Bergen, Norway.
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Abstract:

Traditional nadir altimetry has difficulty capturing transient coastal processes. The Surface Water and Ocean
Topography (SWOT) mission has significantly improved our ability to observe these processes down to spatial
scales of a few kilometers, reaching nearly to the coast. In this study, we utilize SWOT data to investigate storm
surges in the German Bight, located in the Southeastern North Sea. Though SWOT’s temporal resolution
prevents full capture of extreme events, it has successfully observed roughly half of the storm surges in the area
since summer 2023. For offshore regions, we compare SWOT observations with recent high-rate multi-mission
nadir altimetry. At scales larger than 50 km, SWOT and nadir altimetry show good agreement. We also compare
the SWOT observations to simulations from the regional 3-D HBMnoku ocean circulation model operated by the
German Federal Maritime and Hydrographic Agency (BSH). Although sea levels show good agreement across
most of the study area, significant differences between SWOT and the model appear in the regions between the
North and East Frisian Islands and the mainland. To validate the SWOT data in these challenging areas,
observations from local tide gauges are included.
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Abstract:

The monitoring of ocean currents is a key component in many coastal applications, ranging from biogeochemical
resources to marine pollution or search and rescue. During the last three decades, satellite altimetry has played
an essential role in the understanding and monitoring of ocean currents at global scale. However, its use is still
limited in coastal areas due to both the lower data quality in this environment and the spatiotemporal data
resolution, which is not suited to the short scales of coastal ocean dynamics. The importance of ageostrophic
dynamics in coastal regions also imposes some caution to the use of satellite altimetry-derived geostrophic
currents.

Nonetheless, many recent studies addressing the different issues related to the derivation and exploitation of
altimeter-derived coastal current velocities have shown that they efficiently complement coastal velocity fields
retrieved from in-situ data (e.g., hydrographic observations, surface drifter, and moored or ship-based acoustic
Doppler velocities) or from shore-based HF radars. Indeed, one of the major advantages of this measurement
technique is to provide long time series (i.e., more than 30 years) of spatially and temporally homogeneous
information about the circulation, and to be available at near-global scale. The coastal altimetry data quality
problem can be partially overcome thanks to dedicated processing with adequate corrections. Merging data from
multiple missions has shown to improve the spatial and temporal resolutions. Finally, altimetry-derived
geostrophic currents remain a substantial contribution to coastal circulation systems.

The SWOT mission represents the beginning of a new class of satellite altimeters, providing for the first time
highly accurate 2D information at unrivalled resolution. In this study, we analyze and quantify the ability of SWOT
to observe highly-dynamic fine-scale coastal features associated with the North Current (a slope current located
in the Northwestern Mediterranean Sea) during the Fast-Sampling Phase, i.e., one pass every day during 3
months. We focus on particular events: the coastal intrusions of the current on the Gulf of Lion continental shelf.
Through comparisons with in situ velocity measurements at the JULIO (Judicious Location for Intrusion
Observation) station, with other satellite observations (SST) and with outputs from a numerical simulation in the
area, we show that SWOT-Karin provides unprecedented 2D observations of such processes in the coastal strip,
and can help better understand and revisit the physical content of nadir altimetry measurements on such events.
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Abstract:

The coastal land-ocean interface is subject to multiple risks in hydrodynamic and bio-morphological context, as
coastline retreat, flooding in storms surges, river floods and pollution. In this work we analyze spatial and
temporal changes at fine-scales along the Baltic coast since April 2023 by merging the SAR nadir-Sentinel-3,
Sentinel-6 and SWOT altimeter missions.

First we analyze the single-missions observables in terms of noise level and accuracy of water level and wave
heights approaching the coast. The crucial wet tropospheric correction (wet delay) is evaluated using a ground-
based microwave radiometer at Onsala Space Observatory and ~20 coastal GNSS stations from the SWEPOS
Swedish network. The GNSS observations are further exploited to model the spatial and temporal variability of
the wet delay, reducing representativeness errors arising from the mismatch between the altimetry footprint and
the GNSS station locations.

The comparison with in-situ and model data shows a higher agreement with SWOT than with nadir-altimetry data
until less than two kilometers from the coastline. The multi-mission data merged in daily maps are compared to
regional ocean models to correct biases in the models made available by Copernicus and by the ESA
4DBALTDYN project.

We investigate extreme events and variability in selected coastal regions to evaluate the ability of altimetry to
improve observing system and models. The regions selected are the Skaggerak and Kattegat straits for currents
and velocities, the Gotland Basin key area for deep-water and surface layer connection and the Gulf of Bothnia
for sea ice dynamic component.

This work is part of the 4DBALTDYN project funded by ESA. By integrating high spatial observations of satellite
altimetry, in situ and ocean modelling the project aims at improving the understanding of the Baltic Sea water
height dynamics. The analysis is at seasonal, annual and long-term scales. We provide comprehensive 4D
reconstructions of the Baltic Sea's environment, integrating Earth Observation data with advanced modelling to
inform sustainable maritime and environmental policies.
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Abstract:

The Sentinel-6B is the newest reference satellite altimetry mission. It includes a radar altimeter, a precision orbit
determination suite and a radiometer to measure wet tropospheric path delay. The AMR-C radiometer on
Sentinel-6B is identical in design to the radiometer on Sentinel-6A. It includes the same innovations compared to
the prior Jason-series missions; a secondary calibration system external to the radiometer that is used to stabilize
the wet path delay measurement to 0.7mm/yr over 5+ years and a high-frequency radiometer (termed HRMR)
with <5km spatial resolution that improves the measurement near land and sea ice boundaries. We will present
the performance of the AMR-C and HRMR radiometer system design and highlight the benefits over prior
systems on the Jason series radiometers. We will summarize how special calibration tests are used to validate
the long-term stability of the design.

Corresponding author:

Shannon Brown (JPL, United States), shannon.t.brown@jpl.nasa.gov

110/314



OSTST abstracts’ book (2026-06-22)

Examining the possible improvements in WTC
retrieval over ocean when including the radiometer
high frequency channels on board Sentinel-6MF.

Flora Stanley (CLS, France); Laiba Amarouche (CLS, France)

Session: Instrument Processing: Propagation, Wind Speed and Sea State Bias
Presentation type: Oral

Abstract:

A significant contributor to the uncertainty of altimetry range measurements comes from the needed correction on
the delay of the wet troposphere, referred to as the wet tropospheric correction (WTC). Current missions allow for
errors in WTC of up to 1.2—1.5 cm; however, future missions require a significant reduction in errors with an aim
of less than 0.7-0.8cm for S3NG and S6NG. Current operational algorithms for WTC estimations over ocean that
rely on the radiometer observations at 23.8, 34-36GHz, and 18.7GHz or altimeter sigma0 depending on the
mission, perform significantly better than model predictions, but still face significant limitations. Notable limitations
are found in regions of large WTC values, and of atmospheric upwelling where the atmospheric lapse rate
inverses. This could be attributed to the brightness temperatures at base frequencies carrying limited information
on specific atmospheric conditions, such atmospheric temperature profiles that affect the WTC estimates. Recent
and future missions, such as the Sentinel-6 missions, CRISTAL, and future NG missions, include additional high
frequency (HF) radiometer channels, with the main goal of improving WTC retrieval in coastal regions currently
limited by the footprint of low frequency (LF) radiometer channels. However, there is additional potential in the HF
channels in the improvement of global WTC estimations over the ocean. HF brightness temperatures probe
different levels of the troposphere than the LF ones, and are more sensitive to the presence of hydrometeors
(e.g., rain, ice), and therefore we would expect improvements on the WTC estimates when combining the LF and
HF channels as we would have improved information on the atmospheric conditions.

With the available Sentinel-6MF observations it is the perfect opportunity for examining the achievable
improvements in WTC retrieval over ocean with the inclusion of HF channels. We have developed an initial
algorithm based on a Neural Network trained on simulated data for all channels of Sentinel-6MF radiometer from
the RTTOV radiative transfer model, with the additional inclusion of hydrometeors that can affect high
frequencies. We applied the algorithms on both simulated and observed brightness temperatures and compared
our results to model predictions and operational WTC products. Our preliminary results are very promising,
showing a strong reduction in the geographical dependencies of the residuals compared to the LF algorithms
used operationally, with atmospheric upwelling regions no longer causing significant residuals, and an improved
global performance compared to the operational WTC reflected in the mean reduction of the variance of
difference of sea surface height at crossovers.
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Abstract:

Since 1991, the Microwave Radiometer (MWR) instruments on board the European polar-orbiting satellites ERS-
1, ERS-2, and Envisat have provided measurements of wet tropospheric correction (WTC), parameters that are
crucial for the accurate determination of sea surface height. These observations are continued through the
Sentinel-3 and Sentinel-6 series until at least the mid-2030s. While WTC retrieval over the open ocean is well
established, it remains challenging in coastal areas due to land contamination within the instruments’ footprints,
potentially leading to significant overestimation of both parameters.

Solutions exist and have already been implemented into operational processing. For example, Brown (2010)
developed a mixed pixel algorithm for the Jason-2/3 Advanced Microwave Radiometer (AMR), utilising the main-
beam land fraction values already provided as standard within the AMR data products. Land surface brightness
temperature is implicitly accounted for through land fraction-stratified coefficients derived from training data.
Fernandes et al. (2015) circumvent the explicit estimation of the land surface temperature and the requirement
for effective land fraction knowledge by addressing land contamination through their GPD+ algorithm, which
treats the coastal zone as a data-fusion and gap-filling problem. This method uses objective analysis to combine
valid offshore radiometer measurements with Zenith Total Delay data from coastal GNSS stations and numerical
weather models.

We propose a fully data-driven approach to correct top-of-atmosphere brightness temperatures directly for land
contamination. By operating on the observed signals, the correction inherently reflects the actual surface and
atmospheric conditions at the time of measurement, eliminating the dependence on external ancillary data. Our
methodology comprises two main components: first, we seek to improve the precision of geolocation and
characterisation of the MWR footprint, which has been shown to be particularly relevant for ERS-1 and ERS-2,
and to a lesser degree Envisat. Second, we are developing a technique to estimate the brightness temperature of
the land surface within mixed ocean/land footprints. This allows for the separation of water and land contributions
to the total measured brightness temperatures, enabling the corrected ocean-only brightness temperatures to be
fed into established WTC and total column water vapour (TCWV) retrieval algorithms.

Current assessment suggests the effectiveness of this approach. We present its operational implementation in
the processing of long-term MWR time series from ERS-1, ERS-2, and Envisat, the results of the improvement of
the performance of WTC retrieval over coastal areas and discuss its potential for the current Sentinel-3 and
Sentinel-6 missions.
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Abstract:

High-precision Wet Tropospheric Correction (WTC) is essential for satellite altimetry and ocean dynamic
environment monitoring. However, existing operational WTC retrieval methods lack a unified framework capable
for jointly modeling the wind-driven locally strong nonlinear sea surface microwave radiative response and the
non-uniform distributions of observations with respect to wind speed, limiting the retrieval accuracy and
generalization capability across different wind-speed regimes, especially under low- and high-wind-speed
conditions. To address this issue, this study proposes an adaptive WTC retrieval method that integrates
overlapping wind-regime modeling, multi-scale collaborative sample balancing, and model soft fusion strategy.
Firstly,
motivated by the variation of sea surface radiation responses to wind speed, a modelling framework featuring
overlapping transition zones for low-, medium-, and high-wind regimes is established, within which sub-models
are trained independently. Subsequently, a multi-scale sample balancing mechanism combining global weighting
with local rebalancing is designed to improve the model’s learning capability for sparse samples. Finally, a model
soft fusion strategy based on trapezoidal membership function is introduced to dynamically weight the outputs of
sub-models, ensuring the continuity and smoothness of the final retrievals. Using the HY-2C Calibration
Microwave Radiometer (CMR) as a case study, the proposed method is evaluated against model-derived from
ERADS reanalysis data and collocated WTC measured by Jason-3 AMR-2. Compared with model-derived WTC,
the proposed method reduces the RMSE and STD across the entire wind speed range to 1.07 cm and 1.06 cm,
representing improvement of 18.2% and 18.3% over existing operational models, respectively. Specifically, in the
low-wind regime, the RMSE and absolute Bias are improved by 16.4% and 63.9%, respectively, while in the high-
wind regime, they exhibit improvements of 27.6% and 94.6%. Cross-validation against Jason-3 AMR-2 further
shows that compared with the operational model, the RMSE, STD, and Bias over the full wind speed range
decrease to 0.88 cm, 0.88 cm, and 0.06 cm, corresponding to improvements of 23.8%, 21.3%, and 79.8%,
respectively. Notably, in the high-wind regime, the RMSE and absolute Bias are improved by 30.2% and 72.2%,
respectively. These results demonstrate that the proposed method not only improved the overall retrieval
accuracy and stability of WTC but also effectively suppress systematic biases under low- and high-wind sea
states, providing a robust approach to high-accuracy WTC retrieval under complex sea states.
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Abstract:

Altimetry missions are key for the continuous monitoring of climate change indicators such as the global mean
sea level (GMSL). However, altimeter range accuracy is strongly dependent on the correction of the delay
caused by the wet troposphere. Using the onboard microwave radiometer observations at various frequencies we
are able to calculate the needed wet tropospheric correction (WTC), but this correction also introduces significant
error to the range measurements of the altimeter. Improving the accuracy of WTC estimates is a key objective for
future missions. Therefore, we need a good understanding of current operational algorithms for WTC, and their
limitations.

Currently, there are two algorithms of different nature being used operationally on American and European
missions, one developed by JPL for American radiometers that uses a Log Linear relation between the
radiometer brightness temperatures and WTC, and one developed by CLS for European radiometers that uses a
neural network for the determination of the WTC. In our study we aim to provide a comprehensive comparison of
these two algorithms, focusing solely on the mathematical aspect. To achieve this, the comparison must be
carried out between these two methods under strictly identical conditions so that the only differences lie in only
the mathematical aspects. We use the three-frequency configuration (18.7-23.8-34GHz) of the AMR-C
radiometer on Sentinel-6MF and the RTTOV radiative transfer model, to simulate the brightness temperatures
which will make up the training database for both algorithms. Both algorithms are then applied on the same
observations from Sentinel-6MF, to characterise their performance in comparison to both model and operational
product, as well as each other.

We find that the global performance over ocean between the two algorithms when developed on the same data is
very similar and overall, both have better global performances than the operational AMR-C WTC product for
Sentinel-6MF. We further examine the performance of the algorithms in various regions of clouds, atmospheric
fronts, upwelling regions, and at large windspeeds, in order to better characterise the limitations of current
methodologies.

Acknowledgement: This work has been carried out within the framework of the CNES project 24097/00 under the
contract 250299/01 and co-funded by CLS.
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Abstract:

Accurate wet tropospheric correction (WTC) is essential to achieve the centimetric precision required for sea
surface height (SSH) measurements in modern radar altimetry. WTC errors propagate almost linearly into SSH
and can dominate the error budget (at 1 Hz), especially under cloudy and precipitating conditions. Current
reference missions target random WTC errors better than ~1.0-1.2 cm at 1 Hz and long-term stability at the sub-
mm yr level; requirements that will be further reinforced to about 0.7 cm for future missions such as Sentinel-6
Next Generation.

Operational retrievals currently rely on fast semi-empirical algorithms, such as the JPL logarithmic formulations
used on Sentinel-6A/B, or neural-network approaches implemented on Sentinel-3. While these methods are
computationally efficient, their error characterization remains limited, particularly for NN-based techniques. In
contrast, physically based 1D-VAR approaches provide consistent posterior uncertainties but at the cost of
increased complexity and computational burden.

In this context, the proposed KD-VAR approach offers an intermediate solution, combining the speed and ease of
implementation of semi-empirical methods with physically based a posteriori error estimates. KD-VAR is a
discrete Bayesian retrieval based on a pre-computed all-sky radiative transfer database; WTC and uncertainties
are derived from ensembles of database states consistent with the observations, together with an indicator of
precipitation likelihood.

The method is developed within the frame of the ESA-funded FDR4ALT project which focuses on generating
Fundamental and Thematic Data Records (FDRs and TDRs) from the altimeter and radiometer measurements of
ESA’s heritage missions ERS-1, ERS-2, and Envisat, covering the period 1991-2012 with improved calibration,
advanced algorithms, and quantified uncertainties.

Within this framework, KD-VAR is coupled with a new data-driven approach for correcting microwave radiometer
brightness temperature contamination in coastal regions.

The validation strategy of the method relies on complementary diagnostics. We will present the results of the
validation of KD-VAR performance based on its impact on sea surface height variability, using variance analyses
to quantify the reduction of SSH variance after application of the wet tropospheric correction. In parallel,
independent comparisons against coastal GNSS stations are used to assess the accuracy and robustness of the
retrieved wet tropospheric delays, providing an external reference that is largely independent of the altimetric
processing chain.
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Abstract:

Since its launch, the SARAL/AIltiKa mission has provided crucial Ka-band altimetry data. However, recent studies
have confirmed a radiometric drift affecting the Wet Tropospheric - Path Delay - Correction (WTC). This drift is
characterized by a 2mm jump in late 2014 followed by a continuous trend of 0.3 mm/year from 2015.

As SARAL is not a reference mission, its long-term stability is typically managed by alignment with radiometers
on reference altimetry missions. This study presents a new methodology to derive an empirical correction for the
WTC by recalibrating SARAL Brightness Temperatures against Fundamental Climate Data Records (FCDR).
The methodology is twofold. First, we developed a validation and comparison tool, based on Brown (2013)
method, designed to cross-reference SARAL MWR data with FCDR. This tool identifies spatio-temporal
crossovers to establish robust relationships between MWR and FCDR brightness temperatures. The tool's
reliability was validated using Jason-3 data, comparing the results with the drift estimates established by S.
Brown in 2023. Second, an empirical correction for SARAL WTC was computed.

The effectiveness of this correction is evaluated through comparisons with ERA5 models and standard CalVal
metrics, including altimeter crossover points and an analysis of the impact on Global Mean Sea Level (GMSL)
trends. By mitigating instrumental instabilities, this work reinforces the long-term reliability of SARAL data for
climate studies.

1. Brown, S. (2013). Maintaining the long-term calibration of the Jason-2/OSTM advanced microwave
radiometer through intersatellite calibration. IEEE Transactions on Geoscience and Remote Sensing, 51(3),
1531-1543. https://doi.org/10.1109/TGRS.2012.2213262

2. Brown, S., J. Willis, S. Fournier. 2023. Jason-3 Wet Path Delay Correction. Ver. F. PO.DAAC, CA, USA.
Dataset accessed [YYYY-MM-DD] at https://doi.org/10.5067/J3L2G-PDCOR
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Abstract:

For the past 33 years, satellite altimetry has been providing a unique data record, particularly valuable for
applications such as the monitoring of sea level rise at global and regional scales. The stringent requirements of
such studies set the need for very high accuracy and stability in all terms involved in the computation of mean
sea level (MSL). This includes the measured range and all necessary corrections applied to the latter to account
for the interactions with the atmosphere and the sea surface, as well as signals caused by phenomena that mask
the signal under analysis.

The wet tropospheric correction (WTC), accounting for the path delay in the altimeter signal caused by the water
vapour and cloud liquid water content, is a major source of uncertainty, in particular in the long-term sea level
trend. Due to the highly variable nature of this correction, over water surfaces, it is best retrieved from
measurements of the dedicated Microwave Radiometers (MWR) placed on board altimetric missions. However,
the MWR of the various missions are prone to instabilities and often not well intercalibrated.

In mean sea level studies, the 10-day repeat reference altimetric missions (TOPEX/Poseidon, Jason-1, Jason-2,
Jason-3 and Sentinel-6 MF) are of particular relevance. The focus of this study is the generation of a new
intercalibrated WTC dataset for the five reference missions, aiming at getting a consistent data record of climate
quality and reducing the error in the MSL trend.

For this purpose, the MWR-derived WTC of each mission have been calibrated against the Special Sensor
Microwave Imager and Special Sensor Microwave Imager Sounder, here designated as SSMIS, considered
climate data records. In this way, all MWR on board the altimeter missions are calibrated against SSMIS using a
time varying linear model: offset and scale factor.

The SSMIS data set used in this study is provided by Remote Sensing Systems, while all altimetric data have
been extracted from the Radar Altimeter Database System. To facilitate the interpretation of the results, the study
has been carried out using wet path delay (WPD=-WTC) values.

The study comprises the following main steps. First, the SSMIS data, available as Total Column Water Vapour
(TCWV) products, are converted into WPD using a revisited transformation based on ten years of ERA5 data.
Then, for the period of each satellite cycle (~10 days), grids of WPD mean values are computed, on regular 5°x5°
grid cells, both for SSMIS and the MWR of each altimeter mission. The final step consists of the adjustment of
the altimeter MWR WPD to the SSMIS WPD, using the set of points of the corresponding WPD grid cells, by
solving for two parameters, scale factor and offset, subsequently smoothed to remove signals with periods
shorter than one year.

This presentation focuses on the results for the five reference missions during phase A of each mission, used in
mean sea level studies, when the satellite is in the so-called reference orbit, sampling the Earth along the same
tracks.

Results show that the smoothed 10-day scale factors range from 0.984 to 1.019, with mean mission values
ranging from 1.000 for Jason-1 to 1.017 for Sentinel-6 MF, meaning that, on average, the SSMIS dataset is
wetter than all altimetric MWR by up to 1.7%. The offsets show a large variation amongst the various missions,
with mean values from -0.1 cm for TOPEX/Poseidon to 1.2 cm for Jason-2. For some missions, there is
significant variation in both parameters during the analysed phase A of the mission. Jason-1 is the most unstable
mission with offsets ranging from 0.6 to 1.4 cm and scale factors ranging from 0.984 to 1.010.

Aiming at quantifying the impact of this calibration on the long-term sea level trend, two global MSL anomalies
(MSLA) time series have been generated, one applying the original MWR-derived WTC and another using the
corresponding calibrated MWR values. Both time series have undergone the same processing: adjusting the
MSLA for each contiguous altimeter mission pair by using data for the corresponding tandem phase and
adjusting a linear model to the resulting interannual time series. Results reveal that the calibrated time series has
a trend about 0.6 mm/yr larger than the original one.

Overall, results show that the MWR on board the reference altimetric missions are not aligned and the impact of
their calibration against the SSMIS dataset is very significant. The resulting calibrated WPD values can be used
for climate studies. Moreover, they also improve the stability of the mean sea level time series, by reducing the
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uncertainty in the global MSL trend. Future work will focus on quantifying the impact of the calibration on the
regional mean sea level trend.

The developed methodology is applicable to any other altimeter mission and is particularly useful in the context of
data combination methods, enabling the intercalibration of heterogeneous datasets from different samplings.
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Abstract:

The SWOT (Surface Water and Ocean Topography) mission, launched in December 2022, aims to enhance the
observation of water surfaces and oceans through its advanced instruments, including two onboard microwave
radiometers. SWOT carries two altimeters: first the advanced instrument Karin is a Ka-band wide-swath
interferometric altimeter; second a conventional altimeter in Ku and C band (Poseidon-C) pointing at nadir
between the two swaths. Two microwave radiometers, similar in design to the radiometers onboard Jason-2 and
Jason-3, are combined to the altimeters. These radiometers are pivotal for providing wet tropospheric corrections
for each swath, which are subsequently interpolated to supply corrections for both the nadir altimeter and the Ka-
band Radar Interferometer (KaRlIn). Two different interpolation schemes are used for Karin and nadir wet
tropospheric corrections (WTC). For the nadir correction, the algorithm is distance-based and performs an
average of swaths measurements within a defined radius from nadir point. For the Karin correction, the algorithm
processes line by line with a linear interpolation.

In most cases, the computed corrections have been qualified as accurate and stable. However, some cases of
degraded situations have shown the limits of these methods and highlight the need for a new interpolation
scheme.

Last year, we introduced a new unified algorithm tailored for SWOT radiometer data based on the Objective
Analysis (OA) method proposed by Stum et al (2011). The first results using a very basic parameterization were
very encouraging. For Karin wet tropospheric correction, completeness analysis showed that this new algorithm
can recover up to 4% of missing points due to radiometer data editing. Performance assessment showed similar
reduction of variance of Sea Surface Height at Crossover points between the AO WTC or the operational WTC
with respect to the model correction, for the points valid in both corrections. Moreover, when using all the points
valid for the OA WTC, a slight improvement in the reduction of variance is observed.

Following these encouraging results, the study was continued. Following steps involve updating the statistical
maps used in the OA implementation. The monthly maps of spatial and temporal correlations and variance of the
anomaly are reevaluated. The original maps have been defined by Stum et al are more than 15 years ago, and
the statistics may be different with more recent versions of the weather prediction model (ECMWF).

These updated maps will be evaluated along with other parametrizations to select the best solution for a first
semi-operational implementation in L3 products.

This work is relevant first for SWOT, but also to other contexts such as S3-NG topography mission.

Corresponding author:
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Abstract:

The launch of the Surface Water and Ocean Topography (SWOT) mission in December 2022 opened a new era
for the satellite altimetry with the introduction of a Ka-band wide-swath interferometric altimeter (KaRIn), in
addition to the conventional nadir Poseidon-C altimeter. This configuration introduces new challenge for the
estimation of the altimeter corrections. In particular, the Wet Tropospheric Correction (WTC) required for accurate
Sea Surface Height (SSH) estimates, cannot be directly derived everywhere over the full KaRIn swath.

SWOT carries a three-frequency microwave radiometer, like the Advanced Microwave Radiometer on Jason-3,
with two antennas providing WTC estimates near the center of each swath. These measurements are currently
interpolated onto KaRIn and nadir locations using two separate algorithms developed respectively by JPL and
CNES/CLS. While the existing interpolated corrections perform well over open-ocean areas—reducing SSH
variance compared with ECMWF model path delay estimates—several limitations have been identified: no
interpolation when one side is flagged as invalid or contaminated by land, increased noise in coastal areas
(Pirotte et al. poster at SWOT ST 2025).

To address these issues, a new unified interpolation algorithm is being developed for both SWOT altimeters. The
method relies on the Objective Analysis (OA) approach proposed by Stum et al. (2011), using only SWOT
radiometer measurements. It combines a first guess (ECMWF-derived water vapor delay) with surrounding valid
observations, weighted according to their spatial distance, the variance and correlation structure of the anomalies
(observation minus first guess) and the measurement error variance. In the original formulation of Stum et al.,
these statistical parameters are provided through monthly climatological maps.

Initial tests using constant statistical parameters show promising results (Frery et al. at SWOT ST 2025). They
demonstrate the potential of the OA algorithm to mitigate the current limitations of SWOT’s WTC interpolation
while preserving performance in nominal conditions. This has been assessed through multiple diagnostics,
including SSH anomaly variance at crossover points and comparisons with external references such as GMI.
The next step involves generating updated monthly statistical maps to refine the OA implementation and further
optimize the new WTC product. The objective is to provide users with a robust, high-quality correction applicable
across the entire swath.

This presentation will provide the main validation results of the last version of this algorithm.

Beyond SWOT, this approach is directly applicable to future missions featuring swath altimetry, such as Sentinel
3 Next Generation (S3NG).
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Abstract:

Altimeter range measurements are influenced by delays in the radar signals caused by water vapor and cloud
liquid water content in the troposphere. The wet tropospheric correction (WTC) is therefore applied to the
measurements to account for these delays. Due to the large space—time variability in this correction, microwave
radiometers onboard the respective altimetry missions are usually the best source to derive the WTC. However,
in addition to rain and ice contamination that can degrade or invalidate measurements, the large radiometer
footprint (10 to 40 km, depending on the frequency) and the retrieval algorithms tuned for open ocean also cause
a decrease in the WTC quality when approaching land. Several strategies have been developed to retrieve the
WTC at locations where the onboard observations are absent or invalid and to improve its accuracy at complex
areas such as land-sea transition regions.

The GNSS-derived Path Delay Plus (GPD+) algorithm is a mature methodology using objective analysis to
combine data from the onboard radiometer (when existing and providing valid measurements) and external
sources (GNSS stations and scanning imaging microwave radiometers) to estimate the WTC. It has been
successfully applied to various nadir altimeter missions such as Sentinel-3 and CryoSat-2.

The Surface Water and Ocean Topography (SWOT) satellite mission is the first of its kind and presents unique
characteristics. Using a Ka-band radar interferometer (KaRIn) system, SWOT measures over a 120 km wide
swath, which includes a 20 km nadir gap, providing high-resolution observations of the ocean, coastal, and inland
waters. Two independent onboard Advanced Microwave Radiometers (SWOT AMR - SAMR) acquire
measurements on each side of the KaRin swath, at distances of approximately 35 km across-track from the
satellite’s nadir position. An algorithm that closely follows that of the TOPEX Microwave Radiometer is used to
compute the SWOT WTC over the ocean, and an improved formulation is applied near land. The WTC at each
location across the width of the KaRIn swath results from the linear interpolation of the two ~70 km spaced WTC
values from each SAMR. Still, if one of the SAMR measurements is invalid, the interpolation is not possible and
the WTC becomes null along the KaRIn width. To overcome absent, invalid, or contaminated WTC values,
SWOT also provides the WTC from the European Centre for Medium-Range Weather Forecasts (ECMWF)
operational model, the only WTC available in some SWOT products.

This study aims to present the implementation of an enhanced GPD+ algorithm that has been tuned specifically
for SWOT. GPD+ is typically used in one of two configurations: “conventional” for satellites that carry an onboard
microwave radiometer, and “a la CryoSat” for satellites that do not include one. Even though SWOT includes two
onboard SAMR, the WTC at each point of the KaRIn swath is non-collocated so a “hybrid” GPD+ configuration
has been developed. To assess the methodology’s performance globally, at this stage, only a subset of points in
the KaRlIn swath has been considered. Their locations were chosen from those expected to best mirror the WTC
behavior across the swath width.

Results for the first SWOT 20 cycles from the science phase show that GPD+ allows the retrieval of the WTC
where the onboard SAMR measurements are absent or invalid. The spatial distribution of the SLA variance
differences at crossovers also reveals that GPD+ improves the WTC globally, in comparison with the ECMWF
model.

When compared with the SAMR-derived WTC, GPD+ improvements are mostly observed close to land. Although
the SWOT algorithm used to derive the WTC reduces contamination in coastal areas, the analysis of the root
mean square of the WTC differences between GNSS and SAMR-derived WTC shows that some land
contamination is still present in the SAMR correction, up to about 20 km from the coast, not observed in the
GPD+ WTC.

These findings highlight that GPD+ is a valuable methodology for recovering invalid or missing WTC values from
SWOT and to improve its accuracy, particularly near land. The major benefit is the recovery of absent or invalid
SAMR WTC values, mostly in coastal regions, with significant impacts on the quantity and accuracy of KaRIn
data available to compute SLA and derived quantities.

Future work will focus on further fine-tuning the GPD+ algorithm to address the unique challenges posed by
SWOT'’s singularities.
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Abstract:

In radar altimetry, sea state bias (SSB) models are typically derived empirically using either direct along-track
measurements or collinear differences of sea level anomaly (SLA) uncorrected for SSB (uSLA). The underlying
assumption is that mapping uSLA—or its along-track differences—as a function of significant wave height (SWH)
and wind speed, given sufficient spatial and temporal sampling, isolates the SSB as signal. Among the
components contained within uSLA—SSB, dynamic ocean topography (DOT), and measurement and model
errors—it is assumed that only SSB is correlated with SWH and wind speed, enabling its representation through
lookup tables defined by these variables. The susceptibility of the direct (DIR) approach to contamination by
natural correlations of DOT and SWH is well recognized, motivating the widespread use of the collinear (COL)
method to minimize DOT-SWH correlation variability.

ICESat-2 photon counting lidar measures surface height for individual photon returns, avoiding traditional
retracking and assumptions about height distributions and allowing direct calculation of electro-magnetic SSB
from the correlation of 10-m along-track bin surface height and photon return rate.

Crossover comparisons between ICESat-2 ATL-12 and Jason 3 uSLA agree on average over mid-latitudes (60°S
to 60°N) to within 2.5 cm. However, when their respective SSB corrections are applied, average SLA of Jason 3
is over 8 cm greater than ICESat-2 SLA. The bias between appears to be largely due to differences between the
altimeters’ SSB corrections. Similarly, comparison of ICESat-2 ATL19 gridded DOT with Aviso CMEMS gridded
DOT from 2018 to 2023, each with their SSB correction, shows the CMEMS DOT to average 8.5 cm higher than
ICESat-2 ATL19. However, the CMEMS versus ATL19 bias in only 2.5 cm in the northern mid-latitudes (30° to
60°N) and is greatest, 10-cm, in the tropical latitude band (-30° to 30°) were SWH is least.

Motivated by the apparent bias between radar altimeter and ICESat-2 SSB we investigate the sensitivity of radar
altimeter SSB model derivations to natural correlations between SSB and DOT as estimated using ICESat2
(ATL23) and CMEMS monthly DOT fields, which reveal a strong inverse relationship between seasonal DOT and
SWH, largely due to steric variability associated with seasonal temperature induced changes in water column
height coupled with evolving wave conditions. This pronounced correlation raises the possibility that existing RA
SSB models inadvertently absorb elements of this natural correlation.
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Abstract:

The sea state bias (SSB) is made up of three contributions: (i) the electromagnetic bias (EMB), related to the
electromagnetic scattering of the altimetric signal on waves; (ii) the skewness bias, stemming from the
geometrically skewed nature of waves and (iii) the processing bias (historically referred to as the tracker bias),
which covers any other sea state dependent bias, including contributions from the instrumental design, signal
processing and SSH computation. Left uncorrected, the SSB results in an altimetric sea level below its true level.
To this date, providing a single consistent model which isolates and corrects all three contributions to the SSB
remains challenging. Instead, empirically derived SSB models are commonly used to estimate a net SSB
correction. Two-dimensional (2D) empirical SSB models, which rely on altimeter-derived significant wave height
(SWH) and wind speed (WS) measurements, provide current standard operational SSB corrections. First
attempts to analytically derive the EMB contribution to the SSB, made up of the hydrodynamic and tilt
modulations, date back from the 1970s. Further theoretical studies have since provided insightful developments
and helped identify potential SSB descriptors for empirical SSB models, but they typically result in analytical
models involving parameters that cannot be retrieved from altimeter measurements. As a result, theoretical
models have failed thus far to provide tractable operational solutions.

Launched in 2018, CFOSAT mission carries SWIM instrument (Surface Wave Investigation and Monitoring),
which measures directional wave spectra, in combination with a nadir altimeter. CFOSAT provides thus, for the
first time, the ability to retrieve surface parameters relevant to SSB models collocated with altimeter
measurements, offering a unique opportunity to estimate the EMB with actual altimeter data. Amongst the EMB
models available in the literature, the one derived by Millet et al. in 2006 was selected for the present study.
Upon applying certain simplifications, Millet et al. derived an EMB theory with a relatively simple and tractable
relationship. Said model involves parameters (namely, the long-wave slope standard deviation SI, and the cross-
skewness coefficient of the elevation and quadratic slope A12) that can be retrieved from SWIM spectra. In the
present study, the model proposed by Millet et al. was further developed to (i) match the Ku band of CFOSAT
mission, (ii) apply the model to SWIM spectra extended beyond SWIM’s wavenumber range using Elfouhaily
theoretical spectra, (iii) account for a “dynamic” WS-dependent two-scale separation wavenumber ksep, and (iv)
account for WS-dependent (rather than constant) y and T short-wave-related parameter values. The upgraded
EMB model shows improved performances compared with the 2D Jason-3 GDR-F table applied to CFOSAT
nadir (SWH, WS): it reduces (on average) the variance at SSH cross-over points and in direct SLA
measurements by 2.7 cm2 compared with the 2D correction. These unprecedented results pave the way for the
use of wave spectra in deriving model-based EMB corrections. Other (existing or future) EMB theories could be
evaluated with a similar approach. Overall, these results offer perspectives in reconciling empirical and
theoretical SSB studies, as well as providing potential future operational EMB corrections.
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Abstract:

The Sentinel-6 mission is a cornerstone of the Copernicus Space Component, providing critical measurements of
sea level rise for climate change studies. As planning begins for the Sentinel-6 Next Generation (S6NG) mission,
the European Space Agency (ESA) is evaluating a significant shift from the historical TOPEX/Poseidon-Jason
reference orbit to a lower altitude with higher inclination. While this transition offers enhanced monitoring of the
Arctic Ocean, improved power efficiency, and simplified deorbiting compliance, it introduces risks regarding data
continuity and long-term stability.

The primary objective of this study is to quantify how a new reference orbit for S6NG impacts the Mean Sea
Level (MSL) uncertainty budget. We specifically evaluate whether new orbital configurations can meet the
stringent scientific requirements for sea level stability and ocean heat uptake monitoring established for climate
research (Meyssignac et al., 2023).

The study employs a comparative framework across three orbital scenarios:

The historical reference orbit (legacy continuity).

A lower non-sun-synchronous orbit (optimized for Arctic access and mission longevity).

A scenario eliminating a dedicated reference mission, utilizing a constellation of varying altitudes and inclinations
based on existing missions.

The methodology assesses four critical uncertainty drivers: inter-mission MSL offset, precise orbit determination
(POD), environmental correction aliasing (e.g., tides and atmosphere), and oceanic variability effects due to
temporal and spatial sampling, and due to coverage limitations in high-latitude regions.

By generating a Sea Level Rise Stability Uncertainty Budget (SLR-SUB) for each orbit scenario, this research
determines the resulting uncertainties in sea level trends and acceleration at both global mean and regional
scales. While the study will not be finished by the time of the workshop, we will present the preliminary results
obtained. These findings will provide a technical roadmap for SBNG, balancing the programme's benefits of a
lower orbit against the need to maintain a stable, multi-decadal climate record. The study will also conclude with
community-wide recommendations to ensure that the transition to next-generation altimetry does not compromise
the integrity of the sea-level climate data record.
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Abstract:

The Sentinel-6 mission is a cornerstone of the Copernicus Space Component, providing critical measurements of
sea level rise for climate change studies. As planning begins for the Sentinel-6 Next Generation (S6NG) mission,
the European Space Agency (ESA) is evaluating a significant shift from the historical TOPEX/Poseidon-Jason
reference orbit to a lower altitude with higher inclination. While this transition can offer enhanced monitoring of
the Arctic Ocean, improved power efficiency, and simplified deorbiting compliance, it introduces risks regarding
data continuity and long-term stability.

In this context, the primary objective of the ORBITAS/ESA study is to quantify how a new reference orbit for
S6NG would impact the Mean Sea Level (MSL) stability uncertainty budget.

A preliminary task of the project consisted in selecting several SBNG orbit candidates that will then be assessed
in other WP of the project following four critical MSL uncertainty drivers: inter-mission MSL offset, precise orbit
determination, environmental correction aliasing (e.g., tides and atmosphere), and oceanic variability effects due
to temporal and spatial sampling, and due to coverage limitations in high-latitude regions.

The determination of the reference altimeter mission is a complex problem because many conflicting
requirements, constraints and issues must be taken into account: the diversity of user requirements, the need to
optimise the altimeter system error budget, the adequacy between the signals of interest and the altimeter
system capacity, the incentive to minimize mission costs, the need to consider the multi-mission, multi-agency
contexts ... The present analysis starts from the outcomes from the Post-EPS orbit definition study conducted by
CLS and partners (under EUMETSAT funding study) in 2009 and which objective was to suggest a few optimal
orbit candidates for the future reference mission named Jason-CS (now Sentinel-6 mission). Then the new
context and challenges that need to be addressed for S6NG mission definition have been taken into account. We
present the methodology used to select some alternative S6NG orbit candidates, which focuses on tides aliasing,
climates signals observability and calibration issues in mono- and multi-mission contexts as well as taking into
account some ESA recommendations and project constraints.
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Abstract:

As the European Space Agency (ESA) defines the mission architecture for Sentinel-6 Next Generation (S6NG), a
critical trade-off has emerged between maintaining the historical TOPEX/Poseidon-Jason reference orbit and
transitioning to a lower altitude for enhanced Arctic coverage and mission longevity. The orbit change may impact
the mean sea level stability in several ways, including the assessment of continuity in the absence of a tandem
phase, the precise orbit determination, the environmental corrections (e.g. ocean tides, the atmospheric
corrections), and the observability of oceanic variability. This study aims to quantify the inter-mission mean sea
level (MSL) offset uncertainty at both global and regional scales for several S6NG orbit candidates, evaluating
their impact on the Sea Level Rise Stability Uncertainty Budget (SLR-SUB).

We addressed this question by developing an Observing System Simulation Experiment (OSSE) based on the
following steps:

We firstly interpolated sea level anomalies (SLA) derived from OCCIPUT model over the period 1993-2015, along
the 1-Hz altimeter measurements of reference mission (e.g. TOPEX, Jason) and proposed S6NG orbit
candidates.

We then calculated the synthetic-derived global MSL (GMSL) by averaging the 1-Hz SLA estimates following the
AVISO method.

Then we compared the reference mission-derived GMSL with the GMSL derived from the S6NG orbits. The
resulting signal includes the contribution of oceanic variability arising from both spatial coverage and temporal
sampling effects.

To this base signal, we added a simulated signal representing the statistical behaviour of the instrumental,
Precise Orbit Determination (POD), and geophysical errors.

From the total signal reconstruction, we calculated offset uncertainty at global mean and regional scales.
Preliminary findings underscore the impact of a transition without a dedicated tandem phase, which significantly
degrades the continuity of the climate data record primarily at regional scales where MSL offset uncertainty
grows from 2 mm with a tandem phase to 10-20 mm without one. We demonstrate that the choice of orbital
configuration is a driver of uncertainty, with a 30% difference in variance for both global and regional MSL offset
uncertainty estimates observed between the candidate orbits. Furthermore, his study highlights that neglecting
long-term time-correlated effects in the computation of the offset uncertainty leads to an underestimation. To
address these correlations, we propose to use an extended OLS method incorporating a temporal covariance
matrix, rather than the analytical methods used in Guerou et al. (2023).
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Abstract:

New de-orbitation constraints, as well as the need to monitor long-term variability of sea level at high latitudes,
have sparked a discussion about a potential orbit change for future reference satellite altimetry missions. The
ESA supported ORBITAS project aims at anticipating impacts of such a change on the sea level rise stability
uncertainty budget (SLR-SUB). Precise orbit determination (POD) uncertainties are an important player of the
SLR-SUB, mainly because POD related uncertainties have long temporally correlated signatures.

In this analysis, we compare alternative orbit solutions generated by the CNES POD team over 8 years to
separate uncertainty contributions of the reference frame and gravity field and provide an updated quantification
of POD related effects for the SLR-SUB. Since the same experiments are run on Jason-3 and Sentinel-3A,
differential effects arising from changes in orbital parameters (eg altitude, inclination) are also investigated.

Results provide a new breakdown and quantification of POD related contributions to the SLR-SUB and suggest
that for the global mean sea level, our current allocation for POD related effects is probably over-estimated, with
small differential effects between the two missions considered. Differences are more pronounced for the local sea
level, with the largest differential impacts coming from the gravity field for which uncertainties are higher for
Sentinel-3A (lower altitude) than for Jason-3.
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Abstract:

The Sentinel-6 mission is a cornerstone of the Copernicus Space Component, providing critical measurements of
sea level rise for climate change studies. As planning begins for the Sentinel-6 Next Generation (S6NG) mission,
the European Space Agency (ESA) is evaluating a significant shift from the historical TOPEX/Poseidon-Jason
reference orbit to a lower altitude with higher inclination. While this transition can offer enhanced monitoring of
the Arctic Ocean, improved power efficiency, and simplified deorbiting compliance, it introduces risks regarding
data continuity and long-term stability.

In this context, the primary objective of the ORBITAS/ESA study is to quantify how a new reference orbit for
S6NG would impact the Mean Sea Level (MSL) stability uncertainty budget.

Several S6NG orbit candidates have been selected in the frame of the project. The present study focuses on the
assessment of these orbit's candidates following the MSL uncertainty driver due to environmental correction
aliasing (e.g., tides and atmosphere).

The impact of the environmental corrections is analysed in terms of tide observability, coastal residual tide error
and stability uncertainties in tides, in the Dynamic Atmospheric Correction (DAC) and in the Dry Tropospheric
correction.

The analysis is performed on several point of the ocean chosen to be representative of the different tidal
amplitudes or oceanic regimes; they are located in shallow water regions, coastal and polar areas where tidal
model errors are maximum, and also in deep ocean. The five SBNG orbit candidates are taken into account in the
analysis as well as the TP-Jason-S6A reference orbit and a non-reference existing orbit (S3A). The MSL trend
uncertainties related to these different environmental corrections are estimated following different approaches
(theoretical or empirical approaches) and then compared to some error realizations for validation. Results of this
study are presented here.
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Abstract:

As the European Space Agency (ESA) defines the mission architecture for Sentinel-6 Next Generation (S6NG), a
critical trade-off has emerged between maintaining the historical TOPEX/Poseidon-Jason reference orbit and
transitioning to a lower altitude for enhanced Arctic coverage and mission longevity. The orbit change may impact
the mean sea level stability in several ways, including the assessment of continuity in the absence of a tandem
phase, the precise orbit determination, the environmental corrections (e.g. ocean tides, the atmospheric
corrections), and the observability of oceanic variability. The aim of this study is to quantify the latter effect by
focusing on how the sampling of oceanic variability along the altimeter track impacts the Sea Level Rise Stability
Uncertainty Budget (SLR-SUB) for different orbital configurations.

We addressed this question by developing an Observing System Simulation Experiment (OSSE) based on the
following steps:

We firstly interpolated sea level anomalies (SLA) derived from three state-of-the-art oceanic models and
reanalyses (OCCIPUT, GLORYS, and ECCO) over the period 1993-2015, along the 1-Hz altimeter
measurements of: reference mission (e.g. TOPEX, Jason) , proposed S6NG orbit candidates, and non-reference
altimeter satellite constellation (e.g. Envisat, Sentinel-3, Cryosat-2).

We then calculated the synthetic-derived global mean sea level (GMSL) by averaging the 1-Hz SLA estimates
following the AVISO method.

Then we compared the synthetic-derived GMSL with the GMSL directly derived from the averaging of ocean
model grids. From the GMSL differences, we specifically analyzed the resulting impacting GMSL trends and
accelerations, and global ocean heat uptake (GOHU) estimates over timescales ranging from 1 to 25 years.

Our analysis reveals a low-frequency signal in Global Mean Sea Level (GMSL) difference estimates of
approximately +1 mm, characterized by a correlation timescale of roughly five years. This signal - identified
across three different ocean models and reanalyses - exhibits strong consistency (r = 0.7). We also highlighted
that this signal is not sensitive to the choice of orbit. We demonstrated that this is due to the limitations of the
GMSL averaging method used (based on Guerou et al., 2023; Henry et al., 2012). After correcting for this
systematic error signal, the residual uncertainty caused by sampling effects for GMSL trends and Global Ocean
Heat Uptake (GOHU) is closed to 0.07 mm/year and 0.02 W/m?, respectively (1-o over 10 years), regardless the
S6NG orbit configuration.
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Abstract:

Changes to the orbits of the future reference satellite missions could potentially alter the estimates of global
mean sea level (GMSL). The alteration could arise either from variations in the along-track sampling of ocean
variability within a given domain, or from the sampling occurring over distinct oceanic regions. The work assesses
the latter issue by estimating the contribution to the GMSL trend of the Arctic Ocean.

The motivation stems from the Arctic as a whole having undergone substantial changes over the past few
decades, a phenomenon known as Arctic Amplification. As a result, even though it represents only about 3% of
the global ocean, the Arctic Ocean’s contribution to the GMSL trend and uncertainty might not be negligible.

To estimate this contribution, we base the analysis on two datasets: the CMEMS L4 conventional altimetry data
for the global ocean and experimental dataset dedicated to the Arctic Ocean (here referred to as AVISO
Experimental). We chose the AVISO Experimental dataset because, while limiting the analysis to the 2011-2021
time period, it provides a better coverage of the Arctic ocean as it has been built using an ad-hoc reprocessing
capable of retrieving sea-level estimates through ice leads.

The analysis consists in estimating by how much the GMSL trend and uncertainties change as the Arctic Ocean
is included or not. By doing so, we aim to estimate the impact of these estimates of satellite altimetry network
only consisting of satellite missions with an inclination of 66°N or, in other words, of the reference missions.

We perform the analysis through a comparison between the GMSL trend and associated uncertainties computed
from the CMEMS L4 dataset, which covers the global ocean up to 66° N, and those obtained from a hybrid
dataset that provides full global coverage. The hybrid data consists of the CMEMS L4 dataset for latitudes to the
south of 66°N, and of experimental altimetry dataset for higher latitudes.

The analysis indicates that, for the given period and based on the used data sets, including the Arctic Ocean in
the estimation of the GMSL does not significantly change the estimate of the trend (4.12+0.14 mm/year), which
remains within the uncertainties. This might result from the finding that, according to the experimental altimetry
maps and over the given period, the Arctic Ocean seems to experience a sea-level trend comparable to the
global average. Results have to be tested against model-based results and their warming trends.
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Abstract:

The August 1992 launch of TOPEX/Poseidon marked the beginning of a remarkable climate-scale record of sea
level and ocean circulation derived from satellite radar altimetry. This record, encompassing six missions and
nearly 34 years of data, remains unbroken to the present day. The current flagship mission, Sentinel 6 Michael
Freilich (MF), is expected to transition primary operational responsibilities to the recently launched Sentinel 6B at
the completion of its verification phase. Continuous and meticulous calibration and validation (CAL/VAL) have
been crucial to the success of this sequence of missions. At the foundation of this CAL/VAL effort are a handful
of dedicated in situ verification sites, which provide independent ground truth and lend unique insights on the
performance on the altimeter measurement systems and the constituent observations. In addition to providing a
means of assessing the overall error budget, the sites enable characterization of the absolute bias in the
altimeter measurement system and contribute to assessments of stability at the mm/yr level.

We provide unified estimates of sea-surface height (SSH) bias and drift from each contributing satellite mission
using in situ observations from four permanent calibration sites: (1) the U.S. (NASA) Harvest experiment (est.
1992) off central California; (2) the Australian Bass Strait facility (est. 1992); (3) the French geodetic facility on
Corsica (est. 1998); and (4) the Greek Gavdos/Crete facility (est. 2001). In addition to these unified estimates, we
discuss challenges in combining results across sites and in separating geographically correlated errors in the
altimeter measurement system from systematic, site-specific in situ errors.
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Abstract:

The Sentinel-6 Next Generation (S6NG) mission is being planned (Donlon et al., 2021), to ensure continuity of
the current Sentinel-6 missions and meet evolving user needs. Due to operational and programmatic constraints,
a potential change to the historical Topex/Jason reference orbit is being considered by ESA.

The ORBITAS study supported by ESA aims at evaluating how the orbit choice for SGBNG will impact the current
Mean Sea Level (MSL) uncertainty budget (Ablain et al., 2019; Guérou et al., 2023; Prandi et al., 2021) and meet
the scientific requirements on mean sea level stability established by Meyssignac et al. (2023). Three primary
scenarios are compared: the historical reference mission orbit (e.g. TOPEX, Jason), proposed S6NG orbit
candidates, and the existing “non-reference” altimeter satellite constellation. This study focuses on this last
scenario, and is supported by Eumetsat and ESA. The objective is to assess the Sea Level Rise Stability
Uncertainty Budget (SLR-SUB) for existing non-reference altimetry missions: Envisat, CryoSat-2, Sentinel-3A
and Sentinel-3B.

To achieve this, alternative MSL data records are first created at the regional scale and for the global mean,
using only data from the 4 aforementioned non-reference missions. In particular, the inter-mission offsets are
recomputed. The input data consists of L2P products from AVISO and Level-2 along-track data from the RADS
databases. For each mission, the uncertainties due to short-term and large-term time-correlated effects are
estimated from statistical analyses on the MSL data record. Uncertainties in the intermission offset are estimated
following an update of the methodology described in (Guérou et al., 2022). Results from the ongoing ORBITAS
study enable the estimation of the other uncertainty terms. The corresponding uncertainties in sea level trend
and acceleration are then estimated at global mean and regional scales, as well as across various spatial and
temporal scales.

The SLR-SUB is assessed by comparing the alternative MSL with the reference MSL. A specific uncertainty
budget is estimated for the difference of the 2 data records. By analysing the corresponding trend and
acceleration in light of their associated uncertainties derived from the SLR-SUB, we can assess the non-
reference SLR-SUB. Further assessments are planned, by comparing the non-reference MSL with independent
data, in a sea level budget and an earth energy budget approaches.

The conclusions of this study will allow us to assess the SBNG uncertainty budgets for different orbit scenarios
and evaluate how the non-reference missions can contribute to the establishing of the combined MSL data
record.
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Abstract:

CryoSat-2’s now more than 16 years in orbit (approaching half of the length of the entire altimetry record)
provides the longest global altimetry dataset for sea surface height anomaly (SSHA), significant wave height
(SWH) and wind speed (WSP) measurements from a single instrument. The primary focus of ESA’s ice mission,
with its innovative SAR Interferometric Radar Altimeter (SIRAL), was to determine variations in the thickness of
the Earth's continental ice sheets and marine ice cover. However, CryoSat-2’s contributions to oceanography
have been substantial and the quality of the long-term timeseries are considered here.

Since 2014, a dedicated ocean processor has provided CryoSat Ocean Products (COP) at different latencies
(near-real time, a few days and about a month); here we only consider the approximately 30-day latency
Geophysical Ocean Product (GOP). In 2024, an improved CryoSat Ocean Products baseline (namely Baseline
D), consisting of improved operational processor together with updated auxiliary files and product format, was put
in operations and a full mission reprocessing has now been completed.

This study is part of a larger ESA funded project concerned with ensuring the quality of the COP data (CryOcean-
QCV) including routine daily and monthly quality reports (available from
https://gras.earth.esa.int/?mis=CryoSat&ins=SIRAL). Additionally, CryOcean-QCYV is also aimed at supporting the
scientific validation and sensitivity study associated with the CryoSat Ocean products. We present comparisons
of Baseline D with the previous version of GOP products (Baseline C) for SSHA, SWH and WSP. Regional and
global trends are presented alongside comparisons with other data (e.g. model output, in situ measurements and
from other satellites).

Finally, we report on the combination of successive SSHA measurements and CryoSat-2’s long-repeat orbit to
show shipping channels in the English Channel.
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Abstract:

From TOPEX/Poseidon to Sentinel-6 MF, a long record of high-precision ocean altimetry data has been acquired
over the same historical ground track. From 2016 to 2022, Jason-3 served as the reference mission before
transferring its role to Sentinel-6 MF. A first tandem phase between Jason-3 and Sentinel-6 MF was conducted
between Dec 2020 and Apr 2022, enabling the accurate cross-calibration of Sentinel-6 MF. In the first semester
of 2025, a second tandem phase was carried out to prepare the transition to future missions, after which Jason-3
was moved to a derivative orbit where it continues to contribute to ocean observation. Throughout its extended
mission, Jason-3's exceptional instrumental stability has made it a key asset for the continuity and consistency of
the long-term altimetry record.

A key objective of performing the second tandem phase was to assess the long-term drift between the two
missions (see Exploitation of the two tandem phases between Jason-3 and Sentinel-6 MF for instrumental
stability assessment). To do so, an extensive comparison of both tandem phases has been performed, analysing
residuals between altimeter variables for MLE4 (Jason-3) and NR/MLE4 (Sentinel-6 MF), along with radiometer
variables and geophysical corrections, with the aim of assessing the effectiveness of processing improvements
and quantifying the evolution between both phases. We provide an overview of the main results of these
analyses.
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Abstract:

The Global Mean Sea Level (GMSL) has been measured with radar altimetry satellites since October 1992 on
the same orbit with the series of TOPEX/JASON-1/2/3/SENTINEL-6 MF missions. This indicator is a natural
integrator of Climate Change with two main contributions: a steric effect due to ocean heat uptake and salinity
variations ; and a barystatic effect resulting from additional mass from ice melt.

Ensuring the long-term stability of the GMSL record is mandatory to disentangle physical signals from
measurements artifacts. This becomes even more important as new recommandations for long-term stability
have been established by the scientific community for both global and regional trend uncertainties with a 10-year
period (Meyssignac et al. 2023): tackling upcoming climate science questions will require an altimeter record
stability lower than 0.1 mm/yr (currently ~0.3 mm/yr (Guerou et al. 2023)).

In order to match these requirements, correcting for all known errors is mandatory.

The first reference missions providing the CNES/AVISO GMSL indicator is TOPEX/Poséidon. The TOPEX
instruments was affected by instrumental issues impacting the sea level topography retrieval (Beckley et al.
2017), more specifically over the first 6 years. Ablain et al. 2017, among others, illustrated how this instrumental
behavior affects the TOPEX GMSL and estimated an empirical correction for the TOPEX-A data from the
combination of three different methods: comparison with tide gauges (TG), comparison with Poséidon, and the
Sea Level Budget Closure (SLBC).

The recent reprocessing of the TOPEX dataset with GDR-F standards raises once again the question of its long-
term stability. In this study, we use the comparison to tide gauges and the comparison with uncalibrated
Poséidon data to establish the need for a new empirical correction for the TOPEX GMSL data record. Then, a
new correction based on Poséidon data is derived and compared with other independant mean of verification:
tide gauges and SLBC approach.
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Abstract:
EUMETSAT operates the Copernicus Sentinel-3 (S3) mission and provides altimetry products in the global ocean
domain, encompassing the open ocean, coastalzone and polar ocean.

Toimprove the polar ocean retrievals, EUMETSAT has studied, developed, and deployedin operations a major
update for the S3 mission—the “G62” baseline— in Q1 2026. Continuity with the open ocean is ensured by
dedicated Level 1 (L1) and Level 2 (L2) processing.

At L1, the on-ground calibration scheme has also evolved, with the introduction of a dynamic “auto-cal” for the
SRAL instrument instead of a static table for the full mission, improving the stability of sigmaO/wind speed at L2.
Also, the introduction of Fast Time Complex Calibration has improved the stability of SWH retrievals and avoids
the reliance on the Point Target Response (PTR). Because SWH and wind speed are used to determine the Sea
State Bias correction, this positively impacted the sea level retrievals as well.

The update of Sea State Bias, including a delta correction for SAR to account for the effects of the meridional
wind direction, was generated based on preliminary “G62” data and has been applied to the full mission.

At L2, the retracker was updated to SAMOSA+ which better handles peaky waveforms from sea ice leads but is
otherwise fully consistent with the classical SAMOSA over pure ocean waveforms.

We used this baseline to reprocess and then analyse the data from the full mission. We will show the Cal/Val
results, focusing on sea-level, comparing the results against the altimetric reference missions (Jason-3 and
reprocessed Sentinel-6 MF data in different modes/retrackers including Numerical Retracker and MLE4 and
SAMOSA). Two key components in the construction of sea level, the wet tropospheric and the dual-frequency
ionospheric corrections, get special attention as well.
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Abstract:

In a continuous effort to enhance the quality, stability, and consistency of satellite altimetry products, CNES and
the Copernicus Marine Service regularly update the altimetry processing standards and undertake a full
reprocessing of the multi-mission constellation. This constellation currently encompasses more than 16 satellite
missions and represents over 130 cumulative years of observations, providing a uniquely rich and long-term
global record of sea level and ocean dynamics since 1992. These iterative upgrades ensure the harmonization of
future DUACS L3 and L4 products with the evolving state of the art in geophysical corrections, instrumental
calibrations, and multi-mission cross-calibration strategies.

We are now preparing the next comprehensive reprocessing cycle, DT2029, which will integrate several
methodological, instrumental, and algorithmic improvements across the full processing chain. This new release
aims to further improve the accuracy of long-term sea level trends, enhance mesoscale and coastal performance,
and ensure consistency across historical and contemporary missions. We will present the timeline of these
reprocessing activities, explain how we assess them, and outline the criteria used for their selection. We will also
review the various candidate innovations identified to date.
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Abstract:

The calibration and validation (Cal/Val) of satellite altimetry missions relies on robust automated editing chains to
identify and flag anomalous measurements in Level-2 products. Although these classical editing approaches
have proven effective over decades of operation, they remain largely rule-based, with thresholds often set
empirically and rarely revisited systematically. As a result, both over-editing and under-editing can occur,
potentially biasing Cal/Val statistics. Improving these processes therefore requires both a deeper understanding
of the calibration method's implicit assumptions and a rigorous empirical basis for threshold refinement.

A first empirical analysis of the classical editing is conducted on 1 Hz NTC Level-2 altimetric data, examining the
behaviour of existing flags and thresholds across core variables (SSH/SLA, range, sigma0, SWH) over various
regimes, including ice-covered regions, rain events, high-wave conditions, and coastal areas. This analysis
provides the quantitative basis for targeted adjustments aimed at reducing false alarm rates and improving
editing consistency.

Building on this understanding, the parameters of the iterative filtered editing algorithm have been optimized. In
parallel, a supervised Al model is trained to detect anomalies that remain beyond the reach of classical editing,
with its training dataset enriched through the controlled injection of synthetic anomalies — jumps, drifts, non-
Gaussian noise and contextual outliers — and validated against a catalogue of real, documented cases.

This work provides a measurable and operational assessment of how empirical refinement and Al-based
detection can jointly enhance altimetry data quality monitoring, with direct relevance for the long-term Cal/Val of
missions such as Jason-3, SWOT Nadir and Sentinel-6 MF.
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Abstract:

As the global satellite altimetry constellation continues to expand in scope and complexity, the stability of the
long-term climate record relies on a consistent and well-structured calibration and validation (Cal/Val). This effort
extends across the full mission lifecycle —from pre-launch instrument characterization, through commissioning,
supported by tandem phase, and into operations.

In this context, we present recent progress at the ESA Permanent Facility for Altimetry Calibration (ESA-PFAC) in
Crete and Gavdos, Greece for range sea-surface height, sigma0 and wind calibration. The facility serves as a
critical hub for multi-stage, long-term, traceable Fiducial Reference Measurements (FRM), supporting a wide
range of altimetry missions, including Sentinel-6A/B, Sentinel-3A/B, and CryoSat-2.

One of the practical challenges in current altimetry missions is the coexistence of different operating modes—
such as Low-Resolution Mode, SAR, and Fully-Focused SAR—which can introduce measurable differences in
performance. At ESA-PFAC, this is addressed through a combination of complementary measurement systems,
including transponders, corner reflectors, and sea-surface height Cal/Val. Novel techniques such as Sea State
Optical and GNSS-Interferometric Reflectometry are evaluated for significant wave height and wind calibration.

We also present results from tandem phases, including the Jason-3/Sentinel-6A and Sentinel-6A/Sentinel-6B
campaigns. Finally, we outline practical considerations for maintaining stable reference systems and managing
uncertainties in a multi-mission context. We also discuss ongoing and future developments at ESA-PFAC, aimed
at supporting upcoming Earth Observation missions and contributing to the continuity of the global sea-level
record.
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Abstract:

Initially developed for monitoring the performance of TOPEX/Poseidon and follow-on Jason/Sentinel-6 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 successful
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 28+ 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, Jason-1/2/3 and Sentinel-6 MF, ERS-2/Envisat,
CryoSat-2, SARAL/AltiKa, Sentinel-3A&B and SWOT. For the longest time series, the standard error of the
absolute SSH biases is now at a few millimeters level which is fundamental to maintain the high level of
confidence that scientists have in the global mean sea level rise. Moreover, thanks to the extension of the GNSS
reference surface, the Corsica facilities are also able to monitor the wide swath altimetry provided by SWOT.
This presentation will be very synthetic and details will be provided in the two following posters:

- A Calibration/Validation review of nadir altimeters’ missions at the Corsica facilities

- Recent results of SWOT wide swath altimetry at the Corsica facilities
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Abstract:

Sea Surface Height (SSH) is a key observable for understanding ocean circulation, climate variability, and sea
level change. Shipborne GNSS measurements provide valuable in situ SSH observations that can support the
calibration and validation (Cal/Val) of satellite altimetry missions, such as the Surface Water Ocean Topography
(SWOT) satellite.

This study presents a methodology to derive SSH from shipborne GNSS measurements by accounting for ship
lever arms and high-frequency attitude variations. The approach combines high-rate GNSS position products with
Inertial Measurement Unit (IMU) measurements to correct for vessel motion. By applying precise lever arm
corrections and incorporating real-time attitude dynamics, we significantly reduce systematic biases in SSH
estimates.

The methodology is applied to datasets acquired during the SWOT Cal/Val phase in North West Mediterranean
Sea, including WemSWOT and C-SWOT2023 (joint Shom / Ifremer campaigns, [1]) and the subsequent
BioSWOT campaign (Ifremer, [2]). The analysis relies on multiple observing platforms: the autonomous surface
vehicle DriX (lfremer), the Thétis Il vessel equipped with a system combining a radar altimeter and a GNSS
antenna (C-SWOT2023), and the research vessel L’Atalante, providing GNSS and IMU measurements
(WemSWOT and BioSWOT). These complementary datasets enable intercomparisons of independent SSH
estimates in the context of local SWOT cal/val activities.

This work contributes to ongoing efforts in SWOT Cal/Val by providing a robust framework for integrating high-
resolution shipborne SSH observations with satellite altimetry. It supports the generation of more accurate and
consistent ocean datasets, as required for long-term climate studies. The approach builds on recent
developments [3], [4], and aims at strengthening multi-platform SSH intercomparison strategies.

[1] M. Demol et al., « C-SWOT2023 / WEMSWOT. Two combined campaigns dedicated to the mesoscale
dynamics under SWOT swaths in the Mediterranean Sea », présenté a Journées Scientifiques LEFE/GMMC
20283. 31 mai-2 juin 2023, Plouzané, France, mai 2023. Consulté le: 20 octobre 2025. [En ligne]. Disponible sur:
https://archimer.ifremer.fr/doc/00847/95923/

[2] DOGLIOLI Andrea et GREGORI Gérald, « BioSWOT-Med cruise,L’Atalante R/V », 2023, Sismer. doi:
10.17600/18002392.
[3] C. Chupin, P. Bosser, A. Ducarme, et P. Aurélien, « Cartographie du niveau de la mer par systéemes

GNSS pour la validation des données SWOT », in Colloque G2 2024 - Géodésie marine, sous-marine et cotiére,
La Rochelle, France, mars 2024. Consulté le: 26 mars 2026. [En ligne]. Disponible sur: https://hal.science/hal-
04602304

[4] A. Ducarme, « Mesure de la hauteur d’eau océanique par GNSS embarqué sur un drone marin de
surface », CONSERVATOIRE NATIONAL DES ARTS ET METIERS ; ECOLE SUPERIEURE DES GEOMETRES
ET TOPOGRAPHES, ENSTA Bretagne, Rapport de stage de fin d’études, sept. 2023.
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Abstract:

SWOT is an innovative topography mission launched in December 2022. Its main instrument, KaRln, is a large-
swath Ka-Band Interferometer that provides two-dimensional sea surface topography measurements over two 60
km wide swaths. SWOT includes also a Poseidon-3C nadir altimeter which complements KaRIn measurement at
long wavelengths along the swath gap and enables to compute a more accurate KaRIn cross-calibration
correction. Since SWOT Nadir belongs to the Poseidon-3 family also used on the Jason missions, its high-
precision ocean altimetry observations are also used in DUACS, a multi-mission global mapped altimeter dataset.

Since the launch, SWOT Nadir data have been distributed to users in the GDR-F 1.04 standard, covering two
mission phases: the “1-day CalVal orbit phase” from Cycle 402 to cycle 578 and the “21-days Science orbit
phase” from Cycle 001 starting in July 2023. In 2025, the full SWOT Nadir dataset was reprocessed in GDR-S
2.01 standard. The geo-corrections of this standard are aligned with the GDR-G standard used for other
missions, with the exception of Precise Orbit Determination (POD) solution which remains unchanged across the
two versions. The objectives of this reprocessing campaign were to enhance product quality, to harmonize
correction models and standards across missions, and to prepare for a new reprocessing version of KaRIn data.

In order to assess the stability and the improved performance of the new GDR-S2.01 standard, a dedicated
cal/val analysis was conducted. In this presentation, we will first describe how the updates introduced in GDR-
S2.01 affect SWOT Nadir data. Then, we will assess the impact of the new standard on data coverage and data
quality for both altimeter and radiometer parameters, in comparison with the previous GDR F 1.04 standard.
Finally, we will present a mono-mission SSHA crossover analysis, evaluated across spatial and temporal
dimensions.
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Abstract:

The launch of the Surface Water and Ocean Topography (SWOT) satellite in December 2022 represented a
major breakthrough for satellite altimetry and, more generally, Earth observation. In particular, the Ka-band Radar
Interferometer (KaRIn) instrument aboard the satellite has since then provided 120-km-wide two-dimensional
profiles of the ocean topography at unprecedented resolutions. KaRIn data open a new paradigm for satellite
altimetry and bring along new CalVal challenges in comparison to conventional one-dimensional nadir altimetry
data.

It has already been documented that KaRlIn’s in-flight performance exceeds pre-launch expectations.
Nonetheless, ongoing efforts continue to optimize the quality of KaRIn data. As part of this continuous
improvement process, the forward data production has been upgraded to baseline DO as of May 2025. This new
version includes updates to state-of-the-art models for geophysical corrections, a novel KaRIn-dedicated wave
calibration algorithm, an adjusted radiometric calibration, and an update to the wind speed algorithm. In addition,
KaRlIn products reprocessed with this new baseline are now available for both the CalVal (1-day repeat) and
science (21-day repeat) orbits, ensuring a consistent data record since the launch of SWOT.

This presentation provides an overview of the performance of this data series. Our analysis focuses on the level
2 KaRlIn low rate sea surface height products (L2_LR_SSH) which provide continuous monitoring of the ocean
topography at 2-km resolution. We begin with a summary of the availability and validity of the L2_LR_SSH
products over the mission’s lifetime, highlighting the main events that have affected KaRIn data. We then present
the performance assessment for the main variables relevant sea surface topography, namely, sea surface height
(including the KaRlIn-specific crossover calibration height correction), significant wave height, backscattering
coefficient and wind speed. Our analysis includes diagnostics at crossover diamonds, which require careful
examination due to the specific characteristics of KaRIn data, particularly the residual cross-track signatures of
systematic errors. Finally, we discuss the remaining known limitations that are of interest to science users.
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Abstract:

The Sentinel-3 Next Generation Topography (S3NG-T) mission is designed to ensure the continuity of the
existing Copernicus Sentinel-3 nadir-altimeter measurements from 2030 to 2050 while also improving
measurement capabilities and performance. An across-track interferometer swath altimeter (SAOOH) will be
onboard to meet the requirements of the mission. This new instrument is based on the legacy of the KaRIn
instrument from the Surface Water and Ocean Topography (SWOT) mission. It however features key differences
with KaRlIn, making crucial the preliminary study of its performance.

This work is part of the ESA-supported S3NG-T preliminary mission performance and uncertainty assessment
(SSNGT-MPUA) project, which aims at assessing the critical elements of the mission, according to requirements
set out in the Mission Requirement Document (MRD). One of the objectives of the project is to assess the Level-
2 (L2) achievable performance for the mission primary products. We focus here on the preliminary assessment of
the performance of the L2 Sea Surface Height (SSH) measurements over ocean surfaces.

To achieve this, we developed a strategy to generate S3NG-T-like data. For ocean surfaces, this strategy
consists in utilising an Ocean General Circulation Model (OGCM) to simulate SSNG-T-like data to create a first
dataset and inflight data from the SWOT mission (Level-3 products) for a second dataset. We introduced S3NG-
T-specific instrumental uncertainties into the OGCM data and SWOT inflight Level-3 data using a scientific
simulator (Gaultier et al., 2016). These two complementary approaches provide respectively lower and upper
bounds of SBNG-T SSH performances.

We then defined key metrics to describe the performance of the SSH over ocean surfaces. We performed a
Power Spectral Density of the SSH signal for several wave classes to estimate the noise level as a function of
sea state. We also estimated the spectrum of the SAOOH error based on the spectrum of the 1-day SSH
difference and on the spectrum of the oceanic variability. These metrics were applied to the two above-mentioned
S3NG-T-like datasets.

We compared the results to the S3NG-T MRD. The outcomes of this work show that the generated noise level is
well below the requirements, including for high sea state conditions. The error spectrum requirement defined in
the System Requirements Document (SRD) is also met for many spatial scales.
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Abstract:

In the Freshwater for Biology (Fresh4Bio) project we analyze the effect of increased freshwater discharge on
phytoplankton communities in the Nordic Seas. We have set up a high-resolution (3.5 km) regional ocean model
using MITgcm, forced at the boundaries with temperature, salinity, and velocity from the global ECCO LLC90
model (Forget et al., 2015). It is a coupled ocean-sea ice model, and in our regional setup we force the
boundaries with satellite-derived sea ice concentration, drift and thickness from NSIDC. Additionally, the model
simulates phytoplankton functional types, zooplankton, and nutrient and carbon pools using the Darwin package
and boundary conditions from the global ECCO-Darwin model (Carroll et al., 2020).

The eddy-resolving resolution of the regional model enables direct comparison with the high-resolution
geostrophic velocities provided by SWOT. We have validated the magnitude of the surface geostrophic velocity
of the model using SWOT L3 denoised geostrophic velocities, resulting in an RMSE of 11 cm/s, varying spatially
from less than 5 cm/s in less dynamic areas to 20-30 cm/s in high variabilty areas. The validation with SWOT
have revealed differences in the strength of the East Greenland Current and missing representation of the
western branch of the Norwegian Atlantic Current. Both SWOT and the model show high eddy activity in the
Lofoten basin with a similar eddy size distribution.

Ongoing work explore the use of SWOT observations in a nudging framework to constrain the modeled
circulation. A Newtonian relaxation term is applied to the surface velocity, relaxing the model toward observed
geostrophic currents. Initial results are promising, showing a 15% reduction in RMSE of the monthly mean
absolute geostrophic velocity relative to an independent gridded altimetry product (DUACS), which does not
include SWOT data. These results highlight the potential of SWOT-derived surface velocities to improve the
representation of mesoscale circulation in high-latitude regional models, with implications for estimates of
transport and biogeochemistry.

References

Carroll, D., Menemenlis, D., Adkins, J. F., Bowman, K. W., Brix, H., & Dutkiewicz, S., et al. (2020). The ECCO-
Darwin data-assimilative global ocean biogeochemistry model: Estimates of seasonal to multidecadal surface
ocean pCO2 and air-sea CO2 flux. Journal of Advances in Modeling Earth Systems, 12, e2019MS001888.
https://doi.org/10.1029/2019MS001888

Forget, G., Campin, J.-M., Heimbach, P., Hill, C. N., Ponte, R. M., and Wunsch, C.: ECCO version 4: an
integrated framework for non-linear inverse modeling and global ocean state estimation, Geosci. Model Dev., 8,
3071-3104, https://doi.org/10.5194/gmd-8-3071-2015
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Abstract:

The Advanced Topographic Laser Altimeter System (ATLAS), on NASA’s ICESat-2 satellite, has provided more
than seven years of high-resolution measurements of sea ice surface topography. Applying the University of
Maryland-Ridge Detection Algorithm (UMD-RDA) to ICESat-2 photon-height data, we can capture meter-scale
features of sea ice dynamics and deformation such as pressure ridges and ice surface roughness. Leveraging
the detection of pressure ridges we calculate several sea ice variables including pressure ridge sail height,
spacing, width, and the intensity of ridging across the ice pack. These features of the complex sea ice surface
topography are the primary driver of atmosphere-ocean momentum transfer, impacting sea ice drift, influencing
ocean circulation patterns, and mixing in the upper surface layer of the ocean.

Here, we present a 7-year record of sea ice surface topography from ICESat-2 spanning October 2018 to
September 2025. We examine regional and seasonal variability in sea ice conditions across the Arctic Ocean,
and present both the mean-field conditions and interannual anomalies. We provide mappings of surface
roughness and ridging intensity as well as probability density functions delineated by sea ice type. We validate
features of ice deformation detected in the ICESat-2 data using near coincident synthetic aperture radar (SAR)
imagery and via cross-comparisons with high-resolution Airborne Laser Scanner (ALS) lidar data. We show that
ICESat-2 and ALS data have a correlation of 0.97 over varying topographies and ice types.

We also show comparisons between ICESat-2 and Surface Water and Ocean Topography (SWOT) swath-
mapping data, highlighting the critical role SWOT can play in extending the spatial context of ICESat-2 profiling
measurements. We focus on examining the capability of SWOT to capture sea ice dynamics and grounded
ridges in the Arctic coastal zone. Finally, we discuss the availability of ICESat-2 surface topography data which
are provided on monthly grids at 3.125 km, 10 km and 25 km resolutions and are published at NOAA,
PolarWatch and at Pangaea.de.
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Abstract:

Sea ice plays a major role in climate, with changes which are of great concern to scientists, who are seeking to
understand their causes and effects and forecast its behavior. The most common techniques employed to
monitor sea ice rely on 2D space imagery in a wide range of frequencies and techniques (optical, thermal,
radiometric, SAR imagery). However, we now know that the evolution of sea ice over the course of days or
seasons is governed more by its thickness than by its extent. Thickness is therefore an essential parameter to
determine the condition of the ice and its ability to withstand particular climatic events (wind, heat waves) or
oceanic events (waves, swells, upwelling of warm waters, etc.). Thickness also provides access to volume and
mass variations, quantifying freshwater inflows and the effects of stratification on ocean circulation.

The main technique for measuring sea ice thickness is based on nadir altimeters. The result is a series of point
measurements of the sea ice taken vertically along the satellite track. The loose sampling between tracks
requires waiting for about a month of data to provide a sufficiently dense spatial representation to be exploitable.
Relative to the current sparse observations, SWOT's scan width (120km) offers new potential to analyze sea ice
conditions and dynamics on shorter time scales and with higher coverage, density and precision than before.

We have thus developed a global technique that distinguishes between ice floes and open water in cracks in the
ice (the leads) and in polynyas. This classification is now available in the CNES L3 250m v2 product distributed
by AVISO. This makes it possible to measure SLA in sea ice leads in continuity with the open ocean, as well as
measuring the sea ice concentration, freeboard and, ultimately, its thickness. We propose to present the
classification method developed, the first sea ice concentration maps derived from this classification, and the sea
ice freeboards in both hemispheres. These results have been compared with reference products for sea ice
concentration and sea ice freeboard to illustrate SWOT's strong potential for sea ice monitoring.
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Abstract:

Due to the Arctic’s remote and harsh environment, there is a persistent lack of contemporary, basin scale in-situ
observations of snow depth, sea ice freeboard and thickness. Airborne and satellite remote sensing techniques
remain the main mechanism for observing sea ice in the Arctic Ocean. Converting freeboard as measured by a
satellite altimeter to sea ice thickness is challenging since it requires knowledge of the depth and density of snow
that accumulates atop the sea ice in winter. Uncertainties in snow loading on sea ice remain a major error source
in estimating sea ice thickness from satellite-derived freeboard. Numerous studies have exploited CryoSat-2 and
ICESat-2 sea ice observations. While most have focused on the retrieval of freeboard and thickness from a single
system, recent work by several teams has begun to exploit near-coincident laser/radar altimetry data to
investigate snow on sea ice. In this study, we explore the retrieval of snow depth on Arctic sea ice through the
use of now readily available dual-band altimetry. We compare ICESat-2 and CryoSat-2 freeboards over 6 years
(2018 - 2024) to derive winter-time (November - April) snow depth and sea ice thickness. Sea ice concentration
data from the National Snow and Ice Data Center (NSIDC) are used to determine sea ice boundary. The Ocean
and Sea Ice Satellite Application Facility (OSISAF) sea ice type data are used to determine first year (FYI) or
multiyear (MY1) sea ice and to inform sea ice density and modified Warren climatology snow depth calculations.
Three different Cryosat-2 freeboards, from the ESA standard algorithm, the Alfred Wegener Institute (AWI)
algorithm, and the NOAA Laboratory for Satellite Altimetry (LSA) SAR-Altimeter Processor Sea Ice algorithm,
combined with ICESat-2 freeboard are used to calculate monthly mean laser-radar (LaRA) snow depth for six
winter months spanning November to April. The six-year mean LaRA snow depth for each month from November
to April is also calculated for the ESA, AWI, and LSA algorithms, and these results are compared with previously
published laser/radar snow depth estimates available for 2018-2021. We will present the mean and PDF
distributions for snow depth and sea ice thickness and discuss their seasonal and interannual variability over the
6-year study period. Our LaRA snow depth results are evaluated in terms of comparisons with airborne estimates
of snow depth from the IceBridge snow radar, and from multi-decadal drifting buoy observations collected in situ.
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Abstract:

Icebergs represent a significant hazard to maritime navigation and a major source of freshwater input to polar
oceans. In the Arctic, where shipping routes are increasingly accessible, iceberg monitoring is of growing
operational importance. In the Southern Ocean, iceberg-driven freshwater flux plays a key role in ocean
stratification and biological productivity. The Copernicus Polar Ice and Snow Topography Altimeter (CRISTAL)
mission, planned for launch in 2027, will carry a dual Ku/Ka-band SAR interferometric altimeter operating in Open
Burst (OB) mode over sea ice and iceberg zones, enabling Fully Focused SAR (FF-SAR) processing at metre-
scale along-track resolution together with precise across-track geolocation, a significant advance over current
missions for iceberg monitoring.

An iceberg detection algorithm based on the thermal-noise waveform analysis method [1], implemented within
the CRISTAL IRIS framework and subsequently adapted and enhanced for the CLEV2ER Sea Ice and Icebergs
Level-2 Ground Prototype Processor (GPP). Key developments in the current version include the capability to
detect and characterise multiple icebergs per record, extracting for each a set of physical parameters —
freeboard, backscatter coefficient (00), surface area, width, and geographic coordinates — and the incorporation
of swath-based detection, which retrieves parameters at every bin-record position in the radargram, providing a
full 2D picture of each detected iceberg and enabling more complete geometric characterisation. The algorithm
supports both High Resolution (HR, unfocused SAR) and Fully Focused (FF-SAR) processing modes, operating
on data from multiple missions transcoded to CRISTAL L1B format.

Performance has been assessed using five complementary datasets: two simulated CRISTAL SARIn OB
scenarios with known ground truth, one Sentinel-6 pass over Antarctica co-located with a Sentinel-1 SAR image,
and two CryoSat-2 passes over Antarctic iceberg chains validated against the Altiberg database.

Results demonstrate clear benefits of FF-SAR processing: an ~80% improvement in freeboard accuracy over HR
mode, better detection completeness for low-freeboard targets, and more along-track measurement points per
iceberg enabling richer geometric characterisation. The CLEV2ER GPP detections show good agreement with
both controlled ground truth and the Altiberg catalogue, while the CryoSat-2 analysis highlights a key
architectural advantage of CRISTAL's open burst design over closed burst missions under FF-SAR processing.
These results demonstrate robust GPP performance across multiple mission configurations, and the FF-SAR
advantage observed on Sentinel-6 and simulated data translates directly to CRISTAL's expected operational
capability. Ongoing developments for v2.0 include enhanced ocean—iceberg separability, non-interferometric
parameter estimation using the o0—distance relationship, and exploitation of swath-based detection for improved
iceberg geometry retrieval.

[1] Tournadre, J., K. Whitmer, and F. Girard-Ardhuin (2008), Iceberg detection in open water by altimeter
waveform analysis, J. Geophys. Res., 113, C08040, doi:10.1029/2007JC004587.
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Abstract:
High PRF altimeters transmit pulses at a high pulse repetition frequency thus making the received echoes
suitable for coherent processing on-ground.

Conventional delay-Doppler processing (DDP, commonly called SAR or High Resolution) coherently integrates
echoes in a burst-by-burst basis to provide single look waveforms referred to a specific ground location, which
after being correctly aligned (compensating for the slant-range migration, among others) can be incoherently
averaged, increasing the performance in terms of the speckle reduction and the along-track resolution compared
with the traditional Low Resolution Mode and in turns in terms of geophysical retrieval.

The Fully Focused delay-Doppler processing (FF-DDP, also known as Fully Focused SAR) moves one step
further and intends to coherently integrate the echoes over a time longer than a burst to get an even higher
along-track resolution with an improved speckle reduction with respect to DDP.

Swath mode processing has been used to monitor elevation of areas with complex topography such as over ice
sheet margins, ice caps and mountain glaciers, improving upon the resolution and coverage of conventional
radar altimetry. Swath mode relies on an accurate angle of arrival of the measured echo, this is obtained from the
SAR Interferometric mode of CryoSat-2 and CRISTAL and post-processing strategies resolving the ambiguous
nature of the phase measurement.

The Open Burst (or interleaved) transmission mode to be implemented in Sentinel-6 and the Copenicus polaR
Ice and Snow Topography Altimeter (CRISTAL) missions makes them more suitable to FF-DDP processing
thanks to the uniform along track sampling of the scene. However, in the conventional Closed Burst mode (like in
CryoSat-2), replicas induced by the non-uniform sampling of the Doppler spectrum will be mixed with the main
echo and, in most cases, will not be able to be filtered out.

The CRISTAL Mission will include Open Burst and Interferometric capabilities. It will be the first altimeter to be
able to combine both methodologies to increase both the along and across-track resolutions improving the
current performances of CryoSat-2 over small glaciers that can't be observed properly.

In this presentation we present the results from the assessment and impact of the combined Fully Focused and
Swath solution within the CLEV2ER Land Ice & Inland Water project. We will show further exploration of the
solution with simulated Land Ice data from the CIRSTAL-SIRS simulator, comparing these processed data with
results using real CryoSat-2 data. Using these results from both simulated and real data, we will show the
improvement in performance over terrains of varying complexities, when utilising FF-DDP processed data
compared to conventional DDP data, using Swath processing.
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Abstract:

Water Surface Elevation (WSE) is a key indicator for studying the dynamic changes in surface water, for effective
water resource management and allocation and for controlling flood/disaster reduction. Monitoring water level
and storage of lakes and reservoirs reveals critical information about their response to climatic variability,
hydrological extremes, and aquatic-ecosystem integrity. This study assesses the performance of the Surface
Water and Ocean Topography (SWOT) mission SWOT HR_PIXC (Pixel Cloud) Version C & D dataset for
monitoring WSE and estimating reservoir storage across five major reservoirs in India. Using Central water
commission (CWC) gauge observations for validation, we assessed SWOT’s capability to support operational
water resource monitoring for selected reservoirs over 43 cycles from August 2023 to December 2025. For initial
32 cycles both version C and D processed datasets were analyzed, whereas after May 2025 only version D data
was available for analysis. High resolution National wetland inventor and assessment (NWIA) dataset was used
for delineating the wetland extent. For selecting valid observations in the SWOT PIXC data various flags
including, interferogram_qual, sigma0_qual and Surface Classification Flags were considered. Over Almatti
reservoir, the Version C results match with ground observations with R2 of 0.98 and RMSE of 87 centimeters
whereas in Version D slight improvement was observed with RMSE of the order of 82 centimeters. Over Ukai
reservoir, both version C and version D dataset preforms well with R2 of 0.99 and RMSE less than 20
centimeters. Recently released version D results showed good agreement with in-situ WSE observations over the
selected reservoirs, with a median R2 of 0.98 and RMSE less than a meter probably due to difference in the
reference frame for both the datasets. For storage estimation, a third-order polynomial fit between SWOT-derived
WSE and observed storage showed a mean R2 of 0.96 and RMSE in the range 50-250 MCM. Overall, the SWOT
satellite demonstrates the capability to monitor inland water bodies with high precision which shows broader
application potential and will play an important role in global water dynamics monitoring and refined water
resource management research.
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Abstract:

Freshwater availability is a critical component of the Earth system, supporting ecosystems, human activities, and
economic development. Among the different water storage components, lakes and reservoirs represent the most
visible and directly accessible form of surface water, playing a central role in water supply, flood regulation, and
hydropower generation. Because of their visibility and societal relevance, variations in lake and reservoir storage
are often used as indicators of regional water availability. However, it remains unclear to what extent changes in
surface water storage reflect the overall dynamics of terrestrial water storage. Addressing this question requires
consistent observations of lake and reservoir storage at regional to global scales. Yet, such observations are still
lacking, as global assessments of surface water storage have largely relied on simplified models or incomplete
datasets. Developing a globally consistent, observation-based dataset of lake and reservoir storage is therefore
essential to better understand the role of surface water within the terrestrial water cycle and to interpret large-
scale water storage changes.

To address this gap, we develop the Remote Sensing—based Global Lake and Reservoir Water Volume Anomaly
(GLOoWAV) dataset. The dataset provides monthly storage variations for more than 180,000 inland water bodies
larger than 1 km? over the period 1985-2022, enabling a consistent characterization of surface water storage
dynamics across diverse hydro-climatic regions. To develop GLoWAYV, global lake and reservoir water area time
series are derived from the Joint Research Centre (JRC) Global Surface Water dataset. Altimetric water level
time series are first collected from Level-3 data providers, including DAHITI, Hydroweb, G-REALM, and Hydrosat.
For water bodies larger than 10 km? without existing records, we assess the feasibility of deriving water level time
series from repeat-track altimetry missions such as ENVISAT, Jason-2/3 and Sentinel-3. Where repeat-track
coverage is not sufficient, water levels are estimated using non-repeat missions, including CryoSat-2 and ICESat-
2. For smaller water bodies lacking direct altimetric observations, water level information is derived from the
TerraSAR-X digital elevation model through area—height relationships.

GLOWALV reveals significant spatial heterogeneity in lake and reservoir storage anomalies (LRSA) globally, where
a relatively small number of large water bodies dominate the overall signal. Between 1985 and 2021, natural
lakes experienced a net loss of approximately 660 Gt, while reservoirs gained about 300 Gt, resulting in a net
surface water deficit of ~360 Gt, indicating a substantial redistribution of water across storage compartments.

To place these changes in the context of the water cycle, we combine GLoOWAV-derived LRSA with
GRACE/GRACE-FO terrestrial water storage anomalies (TWSA). The comparison shows that LRSA accounts for
only a limited fraction of total water storage variability, with widespread inconsistencies between LRSA and
TWSA across 32 global hotspot regions. This shows a systematic decoupling between surface and terrestrial
water storage dynamics, particularly in regions affected by human water use and regulation. These findings
demonstrate that LRSA alone cannot reliably represent freshwater availability and highlight the importance of
integrating satellite altimetry and gravimetry to achieve a more complete understanding of global water storage
changes.
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Abstract:

While nadir satellite altimetry has long been a reliable tool for studying oceans, its application to inland waters
has remained limited until recently. The advent of advanced SAR altimeters, such as those on Sentinel-3 and
Sentinel-6, has significantly enhanced observational capabilities, offering ever-increasing spatial resolution.
However, monitoring hydrological targets presents unique challenges, and current altimetry processing chains
often struggle to address them effectively.

Among others, the following key sources of error affect river observations:

- Topographic Slope: Rivers naturally exhibit varying elevations along their length. If uncorrected, this introduces
errors when averaging measurements or constructing water level time series at virtual stations (VS). In regions
with steep topography, these errors can reach several centimeters or even tens of centimeters.

- Complex Backscatter: Unlike oceans, land scenes often feature heterogeneous backscattering characteristics
within the altimeter footprint. Multiple strongly reflecting water bodies within a SAR band can produce "multipeak
waveforms." Even with advanced retracking methods (e.g., fitting a sinc? function to approximate the instrument's
point target response), there remains a high risk of assigning an incorrect peak to the target river, potentially
leading to water level errors of several meters.

To address these challenges, we are developing a novel nadir altimetry River Prototype Processor (RPP) that
incorporates advanced algorithms tailored for river monitoring. This processor leverages external auxiliary data:
SWOT RiverSP products for slope correction and OpenStreetMap (OSM) water body locations combined with a
global Digital Elevation Model (DEM) for multipeak waveform analysis.

In this study, we first present the methodologies for constructing and applying river slope profiles within the
processing chain. Then, we describe how a target river is assigned to the correct waveform peak in multipeak
cases using the ASTERIX algorithm. Finally, using in-situ data, we demonstrate how integrating these global
external datasets significantly reduces processing errors, improving the accuracy of river water level time series
derived from nadir altimetry.
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Abstract:

Freshwater is critical to all aspects of life, from agriculture to industry to sustaining life. Accurately understanding
how climate change affects this resource across a region helps authorities manage it more efficiently and
provides stronger scientific backing for environmental policy change initiatives. Increasing regional environmental
stability and security.

SWOT aims to address this problem by providing estimates of both water level and surface areas of all terrestrial
water targets globally, via its LakeSP product. This study investigated the relative performance between SWOT
and altimeters by comparing the results of LakeSP and Sentinel-6 (S6, water level), with ground-truth estimates
from in situ gauges (water level) and optical data (surface area), for two targets in Catalonia. Observed
discrepancies also led the study to investigate a new analysis approach using a customised processing of the
SWOT PIXC product (water level and surface area). Water levels from in-situ gauges showed good agreement
with S6, PIXC, and LakeSP, but with decreasing performance across the three. Surface area estimates from
optical data showed good agreement with the PIXC approach, with biases on the order of thousands of square
meters. In contrast, the LakeSP product showed poor agreement, with biases on the order of millions of square
meters. These findings highlight the local effectiveness of this new PIXC approach and thus offer a new avenue
of exploration for improvements to the LakeSP product.
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Abstract:

The accurate monitoring of inland water levels by satellite altimetry depends critically on the quality of
geophysical corrections and on the reliability of data editing procedures that identify and reject contaminated
measurements. Among the most significant sources of error are the wet tropospheric correction, poorly
constrained over continental surfaces where microwave radiometers are absent or degraded, and rain-induced
signal contamination, which biases range measurements and is difficult to distinguish from genuine water level
anomalies in the absence of concurrent precipitation information.

RainGNSS builds on the operational experience of vorteX-io, which has developed and deployed a dense
network of low-cost hydrological micro-stations dedicated to the monitoring of rivers and inland water bodies.
These stations provide real-time measurements of water level, surface velocity, and complementary
environmental parameters at several hundred locations, primarily over small and medium catchments where
hydrological responses to rainfall are rapid. By integrating compact GNSS receivers into existing vorteX-io micro-
stations installed on river bridges, RainGNSS extends this observing system to continuous measurements of
atmospheric water vapour and precipitation.

Two distinct but complementary applications are addressed.

First, the Zenith Wet Delay (ZWD) estimated from vorteX-io GNSS data at 4-minute resolution provides a direct
observational constraint on the wet path delay affecting altimetric measurements. At continental scales,
numerical weather model products such as ERA5 (0.25-degree resolution, 3-hourly) are currently the primary
source of wet tropospheric correction for inland altimetry (Fernandes et al., 2014; Fernandes and Vieira, 2024).
GNSS-derived ZWD, once reduced to sea level using ERA5 vertical profiles, offers an independent, station-level
benchmark to evaluate and improve model-based corrections at the sub-pixel scale, in regimes ranging from
frontal precipitation to deep convection.

Second, the RainGNSS system, a two-stage XGBoost machine learning pipeline trained on over 200 vorteX-io
stations using Meteo-France ARAMIS IPRN20 radar as ground truth, produces instantaneous rain rate estimates
and occurrence flags at 4-minute resolution from GNSS-derived ZWD and ERAS surface features. Validation
against 21 independent Meteo-France RADOME rain gauges demonstrates statistically significant rain detection
skill (HSS, CSI, POD) and competitive RMSE relative to ERA5-only baselines, with growing advantages at higher
rain intensities. These station-level rainfall estimates can be used to flag or weight altimetric observations
contaminated by precipitation, thereby improving the classification of measurement errors in altimetric editing
chains, particularly for Ka-band and SAR-mode missions sensitive to path attenuation.

The synergy between precise GNSS tropospheric sensing, machine-learning rainfall estimation, and geodetic
height referencing positions the VORTEX network as a high-value, multi-variable validation asset for the inland
altimetry community.
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Abstract:

The Surface Water and Ocean Topography (SWOT) mission, jointly developed by CNES and NASA, was
launched on 16 December 2022. Its Ka-band Radar Interferometer (KaRlIn) provided unprecedented two-
dimensional observations of sea surface height, sub-mesoscale ocean structures, and inland water dynamics,
including water surface elevation, storage variations, and river discharge.

The results obtained from SWOT are highly promising for the future Sentinel-3 Next Generation Topography
(S3NG-T) mission, which is designed to ensure continuity with the current Sentinel-3 nadir altimetry record.
S3NG-T represents the next generation of swath altimetry and can strongly benefit from the experience gained
with SWOT to discuss its expected performance. However, the SAOOH instrument onboard S3NG-T has design
characteristics that differ from KaRln, resulting in distinct sources of random and systematic errors. Assessing the
accuracy of SWOT High Resolution (HR) products and their ability to monitor inland water bodies is therefore a
key step in preparing the S3NG-T mission.

The validation of SWOT KaRIn products contributes to the overall performance assessment led by CNES. SWOT
HR measurements over lakes and rivers are first evaluated against in situ observations. Data from insitu
networks, including SCHAPI (France), BAFU (Switzerland), and USGS (United States), are used to quantify the
accuracy of water surface elevation estimates. Complementary analyses using ICESat-2 (ATL13) data extend the
performance assessment to a large number of inland water bodies.

Based on these results and the understanding of noise affecting KaRIn Pixel Cloud data, simulations of S3NG-T
SAOOH observations are performed over different hydrological environments, including rivers and lakes. The
same performance metrics are then applied to derive qualitative estimates of the expected SAOOH performance.
The CalVal period of SWOT (March 2023 to July 2023) is studied. L2_HR_PIXC version D products are
processed to simulate S3NG-T observations and assess the accuracy of elevation estimates over the Loire River
and Swiss lakes.

In this presentation, we will first introduce the validation metrics developed in collaboration with CNES to assess
SWOT KaRIn performance over continental waters. We will then present an original methodology, developed as
part of the ESA S3NG-MPUA project, to simulate SAOOH observations and evaluate S3NG-T performance
based on SWOT-derived products.
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Abstract:

Historically, ocean data assimilation systems have focused on fitting only larger, mesoscale features because of
the relatively coarse nature of the observing networks. Recent, novel observing systems, such as the Surface
Water Ocean Topography (SWOT) satellite, have created the opportunity to extend data assimilation skill
towards smaller scales. However, assumptions embedded in long-standing assimilation systems, valid for
mesoscales, create a hard boundary for the types of features that can be corrected in the model background.
Ocean assimilation systems must be adapted for these new observations that provide small-scale information.
We detail a novel data assimilation approach, specifically designed for SWOT observations, that allows the
system to correct for both large- and small-scales in one analysis step. The method was first developed during
the Sub-Mesoscale Ocean Dynamics Experiment (S-MODE), whereby a set of 10 ocean gliders were assimilated
during a real-time experiment. A highly specialized version of the method was tested and shown to constrain
ocean horizontal scales below 100 km, as opposed to the traditional, non-multi-scale approach that only
constrained scales to 200 km and greater. The method was generalized after S-MODE, whereby a time-varying,
global estimate of the effective resolution of all available observations was developed. Using this new algorithm,
daily ‘variable-scale assimilation’ was performed using SWOT observations during the satellite’s one-day repeat
orbit phase. We show that assimilation error variance is reduced by 55% using the new methodology, finally
allowing the SWOT observations to correct the ocean model across all mesoscales with some reach into the
submesoscales.
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Abstract:

This talk introduces the new open-source Daily Altimeter Sea Surface Height (DASH1.0) system for mapping
satellite altimeter sea level measurements onto a spatially uniform global daily grid. DASH1 is built on the Joint
Center for Satellite Data Assimilation software suite, currently using a two-scale implementation of 3DVar with
error covariances based on a diffusion operator. Background estimates are provided by the steady latitudinally
dependent zonal propagation forecast model of Chelton et al. (2011). Bad-track removal is carried out
automatically using an iterative buddy-checking procedure that examines the consistency of each track relative to
its neighbors. The first half of the talk describes these algorithms in detail.

The second half of the talk discusses the 32-year (1993-2024) daily global 1/4°x1/4° DASH1 sea level anomaly
product produced by combining DASH1.0 with a set of 1 million 1Hz Level-2 altimeter tracks obtained from
RADS. Four methods are described to evaluate DASH1 error. First, the size of observation error is evaluated by
examining the standard deviation of an ensemble of nine observing system experiments. In each the
observations are contaminated with Gaussian random noise whose size was chosen to land midway between
estimates in the recent literature. Those experiments show that the contribution of observation error to the total
error is minor along the equator and at high latitude but is significant in the subtropics and midlatitude. Second,
the DASH1 daily analysis increments, which are the gridded differences between the observations and the
background estimates, are examined. DASH1 is found to be essentially unbiased with respect to the altimeter
observations, with no indication of a spurious trend. The standard deviation of the analysis increments is shown
to approximately correspond to 15-18% of the sea level variability.

In the third and fourth methods DASH1 is compared to three other sea level analyses: Coastwatch, two DUACS
analyses and to tide gauges. The comparison between DASH1 and Coastwatch is limited to their seven-year
period of overlap and shows a standard deviation of daily differences of 3 cm and correlations exceeding r = 0.85
for large parts of the ocean. We compare DASH1 to the DUACS sea level products over the full 32-year record
and find an even closer correspondence, with daily differences of 2 cm or less and correlations exceeding r = 0.9.
DASHT1 is shown to have 5-10% more variability which a spectral analysis shows to be the result of differing
energy in the higher frequency 1/dy to 1/month frequency band. In contrast, at lower frequencies the products
are quite similar. Standard error maps produced for the DUACS products are found to closely match the spatial
structure and magnitude of the DASH1 analysis increment standard deviation allowing us to use the latter as our
estimate of total error. Finally, we compare Arctic sea level variability in summer and winter. The summer
variability is concentrated on the Amerasian side of the basin and is significantly higher for DASH1, perhaps
because of the difference in the size of the input data sets. The DASH1 winter variability is enhanced in the
Nordic Seas.
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Abstract:

At the National Oceanic and Atmospheric Administration (NOAA) Center for Satellite Applications and Research
(STAR), a new product is being developed to replace the current, operational NOAA National Environmental
Satellite, Data, and Information Service (NESDIS) Satellite Ocean Heat Content Suite (SOHCS) product. The
algorithm underlying the new product, known as the Next Generation Enterprise Ocean Heat Content (NGE
OHC) algorithm, is an empirical parameterization that can generate corresponding synthetic depth-resolved
ocean temperature and salinity profiles wherever an altimeter measures sea level anomaly. The NGE OHC
method leverages known ocean dynamics from relatively sparse in situ data to project satellite data into the
interior to directly estimate these subsurface profiles at high vertical and horizontal resolution. Additionally, upper
ocean metrics of interest to the tropical cyclone (TC) forecasting community will be calculated from these profiles,
including ocean heat content (OHC), mixed layer depth, the depth of the 26°C isotherm, and near-surface
stratification strength.

We present results using the testbed Gulf of America/Northern Caribbean Sea NGE OHC algorithm to evaluate
the skill of the ocean model initialization of the operational NOAA TC forecast model (NOAA Hurricane Analysis
and Forecast System / Modular Ocean Model 6 (HAFS/MOMSB)) at reproducing observed subsurface oceanic
variability during TCs. By comparing profiles from in situ Argo floats, the NGE OHC output, and the model
initialization from HAFS, we found that that many HAFS forecasts that underpredicted the observed intensity of a
given TC did not reproduce critical near-surface ocean features found in the observed Argo and estimated NGE
OHC profiles. Specifically, HAFS frequently misses near-surface heat and barrier layers, both of which can
rapidly enhance TC intensity. We are exploring many avenues for the NGE OHC algorithm to be used to improve
TC intensity forecasting, including its operational assimilation and as input into the Statistical Hurricane Intensity
Prediction Scheme (SHIPS). These efforts will allow us to evaluate and improve the skill of ocean model
initializations for TC forecast models (e.g., HAFS) and enable detailed analysis of the potential oceanic
contributions to storms with rapid intensity changes.

Upper ocean heat content can increase TC intensity and precipitation amounts. As this heat reaches new
extremes, TCs may become more dangerous and costly for coastal communities, especially since precipitation
has overtaken storm surge as the most deadly hazard of TCs in the United States in recent years. Therefore,
better near-real-time information about upper ocean conditions could aid in the evaluation and improvement of
lifesaving TC intensity forecasts.

Preliminary results and developmental challenges from the experimental North Atlantic open ocean product and
future plans for expanding the algorithm to other regions under funding from the OSTST will also be discussed.
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Abstract:

SWOT'’s unprecedented capability to resolve ocean surface topography down to 15km introduces new
challenges for operational ocean forecasting systems: interpreting high-resolution signals and reconstructing the
meso and submesoscale dynamics between swaths and revisits.

In this study, we quantify the benefits of assimilating SWOT Science phase data into Mercator Ocean’s global
1/12° system, with a focus on how the different dynamical components of the ocean respond.

The current operational system already benefits from the assimilation of seven nadir altimeters, which
successfully constrain the largest scales of the circulation. The additional assimilation of SWOT shows to further
improve the positioning, amplitude and geometry of the balanced component of the flow down to ~50 km. Beyond
sea surface height (SSH) and balanced motions, SWOT-constrained analyses propagate information to
unobserved variables and into the water column. Thanks to the two-dimensional and high-resolution sampling
capability of the KaRIn instrument, the surface circulation is more tightly constrained, improving the
reconstruction of both zonal and meridional surface currents and influencing the associated vertical velocities.

However, SSH wavenumber spectra remain essentially unchanged after assimilation, confirming that no
additional submesoscale variance is injected into the model. This indicates that the model resolution limits the
representation of the smallest scales. Fully exploiting SWOT’s effective resolution therefore requires
higher-resolution models. Before global 1/36° operational systems become computationally feasible, we explore
the impact of SWOT assimilation in the 1/36° Iberia—Biscay—Ireland (IBl) regional system.

As an operational example supporting decision-making, we demonstrate how SWOT-enhanced forecasts can
improve coastal pollution-drift predictions. By better constraining mesoscale and submesoscale currents,
especially in coastal regions, SWOT assimilation reduces the uncertainty of pollutant trajectories, enabling faster
and more targeted environmental response in sensitive coastal areas.
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Abstract:

The DUACS system (Data Unification and Altimeter Combination System), developed as part of the CNES/SALP
project, Copernicus Marine Service, and Copernicus Climate Change Service, provides high-quality multi-mission
altimetry sea level products for oceanographic applications, climate forecasting centers, and the geophysics and
biology communities. These products include user-friendly Level-3 (L3: along-track cross-calibrated sea surface
height anomalies [SSHA]) and Level-4 (L4: multi-sensor merged maps or time series) data.

L3 algorithms originally designed for nadir altimeters have been extended to process SWOT swath altimeter data.
Enhancements include state-of-the-art Level-2 corrections and models contributed by the research community, a
data-driven and statistical approach to identifying and removing spurious or suspicious pixels, a multi-satellite
calibration process leveraging the existing nadir altimeter constellation, and a noise-mitigation algorithm powered
by a convolutional neural network. The L3 algorithms process both resolutions of the Level-2 product: 2 km and
250 m. The processing is performed in delayed mode - to generate a homogeneous data record over the entire
KaRlIn period - but also in real time, with a daily production of the 2 km products and a targeted weekly
production of the 250 m products. These L3 products are freely accessible via the AVISO+ portal.

The contribution of KaRIn data to improving the quality of multimission products and models is undeniable. The
KaRlIn L3 products are currently used in the generation of the multimission L4 sea level products, combined with
nadir measurements from 8 other altimeters, for the Copernicus Marine Service. The use of KaRlIn in the
constellation leads to a reduction in resulting maps errors. Ultimately, they are expected to become fully
integrated into the Copernicus Marine Service and assimilated into numerical models. In this sense, KaRIn
serves as a demonstrator for a future service based on the Sentinel-3NG satellites.
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Abstract:

The 2022 Tonga volcanic eruption generated an unexpectedly strong atmospheric pressure wave (Lamb wave)
and a locally destructive tsunami. The mechanisms responsible for tsunami generation remain uncertain, likely
involving a complex interplay between seafloor explosions and eruption-induced atmospheric pressure forcing.

This study analyzes satellite altimetry observations in conjunction with a coupled atmospheric wave—ocean
tsunami model to investigate the tsunami’s origin. The AltiKa satellite captured the near-field tsunami
approximately 30 minutes after the eruption, while the Sentinel-6A (S6A) and Jason-3 satellites, crossing the
volcanic center within 30 seconds of each other, observed the tsunami about 5 hours post-eruption. Tsunami
travel times were used to distinguish tsunami signals from background ocean dynamics.

Results from both observations and model simulations indicate that: (1) the severe local impact of the tsunami
was driven by the combined effects of seafloor explosions and atmospheric pressure forcing; (2) the atmospheric
pressure—induced component played a dominant role in generating large-scale disturbances across the Pacific
Ocean and beyond; and (3) significant tsunami waves propagated as far as the Southern Ocean, suggesting an
enhanced southeastward-directed submarine explosion.

Related publication: Song, Y. T., P. S. Callahan, J. D. Desjonqueres, S. Fournier, and J. K. Willis (2024), A
coupled atmosphere—ocean source mechanism was a predictor of the 2022 Tonga volcanic tsunami,
Communications Earth & Environment, https://doi.org/10.1038/s43247-024-01694-z
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Abstract:

The Global Mean Sea Level (GMSL) has been monitored by radar altimetry satellites since October 1992 along
the same orbit using the TOPEX/Poséidon/JASON-1/2/3/SENTINEL-6 MF mission series. This indicator is a
natural integrator of Climate Change, driven primarily by two contributions: a steric component related to ocean
heat uptake and salinity variations, and a barystatic component resulting from additional mass input from land ice
melt.

Ensuring the long-term stability of the GMSL record is essential to disentangle physical signals from
measurement artifacts. This has become even more critical following the recent community recommendations for
long-term stability targets for both global and regional trend uncertainties over a 10-years period (Meyssignac et
al., 2023). Tackling upcoming climate science questions will require an altimetry record stability better than 0.1
mm/yr, whereas the current stability is approximately 0.3 mm/yr (Guerou et al., 2023).

The CNES/AVISO GMSL indicator has recently been updated using the new Level2 Plus vDT2024 products
(Kocha et al. 2026). These products rely on newly reprocessed upstream datasets. Moreover, some corrections
that will be added in the processing ground segment of the next L2P DT series are applied directly to the GMSL
time series, including a drift in the microwave radiometer—derived wet tropospheric correction during the Jason3
period, an instrumental drift affecting all three Jason missions, and a drift on the TOPEX instrument.

With this new dataset, the associated uncertainty budget has been revised, leading to reduced uncertainties in
both the long-term trend and the acceleration over the full altimetry era (1993-2025). In particular, high frequency
short-term correlated effects have been revised, and the wet tropospheric component was revised for the Jason-
3 period thanks to the AMR correction. The 33-years trend uncertainty is now approximately 0.25 mm/yr, and the
acceleration uncertainty is about 0.35 mm/yr/decade. Integrated parameters were also affected by such
corrections.

This talk will present the new CNES/AVISO GMSL indicator, highlight its main evolutions compared with the
previous release, and assess their impact on the estimated GMSL parameters (trend and acceleration),
alongside their associated uncertainties.
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Abstract:

The Global Mean Sea Level (GMSL) has been monitored by radar altimetry satellites since October 1992 along
the same orbit using the TOPEX/Poséidon/JASON-1/2/3/SENTINEL-6 MF mission series. This indicator is a
natural integrator of Climate Change, driven primarily by two contributions: a steric component related to ocean
heat uptake and salinity variations, and a barystatic component resulting from additional mass input from land ice
melt.

Ensuring the long-term stability of the GMSL record is essential to disentangle physical signals from
measurement artifacts. This has become even more critical following the recent community recommendations for
long-term stability targets for both global and regional trend uncertainties over a 10-years period (Meyssignac et
al., 2023). Tackling upcoming climate science questions will require an altimetry record stability better than 0.1
mm/yr, whereas the current stability is approximately 0.3 mm/yr (Guerou et al., 2023).

This value of 0.3 mm/yr is the result of fifteen years of work on uncertainties, trying to characterize and estimate
all possible sources of errors in the satellite altimetry long-term measurement stability. However, there are few
actual means of verification for these uncertainties estimates. For the first time in the altimetry era, two periods
called tandem phases, when two satellites are measuring the ocean with only a few dozen seconds apart, were
implemented. This is the first opportunity to check the validity of hypotheses made on the construction of the
GMSL uncertainty budget (Ablain et al. 2019, Guerou et al. 2023).

This talk presents a first comparison of the two Jason-3/Sentinel-6 MF tandem phases and discusses the findings
with respect to current stability uncertainty budget. The analysis is based on G-01 reprocessed Sentinel-6 MF
products compared with Jason-3 pseudo GDR-G products. It will show improvements associated with
intermission bias GMSL uncertainties during the first tandem phase. Moreover, the intermission bias estimate
shows a difference of 1.4 mm (Orbit — Range — MSS — SSB — WTC MOD). Even if this seems an important
difference, it remains completely consistent with the current uncertainty budget prescripted as it will be shown in
this presentation.
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Abstract:

Abrupt changes at decadal time scale are recurrent events in the modern climate system. Using multiple trend-
change detection methods, here we report such an abrupt trend change in the early 2010s in the altimetry-based
global mean sea level record, as well as in its thermal and mass components. Abrupt trend change in the mass
component is mostly due to terrestrial water storage and to a lesser extent to ice sheet melting. The linear rate of
rise of the global mean sea level increases abruptly from 2.9 +0.22 mm yr-1 over 1993-2011 to 4.1 + 0.25 mm
yr-1 over 2012-2024. Abrupt trend changes in numerous climate parameters have also been reported in the early
2010s, suggesting a more global phenomenon. Internal climate variability is likely the main driver of the early
2010s sharp change observed in sea level and components, although one cannot totally exclude any additional
contribution from increased radiative forcing.

Corresponding author:

Lancelot Leclercq (Université de Toulouse, LEGOS (CNES/CNRS/IRD/UT), Toulouse, France),
lancelot.leclercq@utoulouse.fr

166 /314



OSTST abstracts’ book (2026-06-22)

How is the global and regional sea level budget
closed from the latest observations? (SLBC_cci+
project)

Marie Bouih (Magellium, France); Robin Fraudeau (magellium, france); Ramiro Ferrari (magellium, france);
Michael Ablain (magellium, france); Anny Cazenave (magellium / LEGOS, Université de Toulouse, CNES,
CNRS, UPS, IRD, france); Benoit Meyssignac (LEGOS, Université de Toulouse, CNES, CNRS, UPS, IRD,

france); Alejandro Blazquez (LEGOS, Université de Toulouse, CNES, CNRS, UPS, IRD, france); Martin Horwath

(TUD Dresden University of Technology, Germany); Thorben Dohne (TUD Dresden University of Technology,
Germany); Jonathan Bamber (University of Bristol, UK); Antonio Bonaduce (NERSC, Norway); Roshin Raj

(NERSC, Norway); Stéphanie Leroux (DATLAS, france); Nicolas Kolodziejczyk (UBO-LOPS, france); Erwan

Oulhen (UBO-LOPS, france); William Llovel (CNRS/LOPS, france); Giorgio Spada (UNIBO, ltaly); Andrea Storto
(CNR-ISMAR, ltaly); Chunxue Yang (CNR-ISMAR, ltaly); Daniele Melini (Istituto Nazionale di Geofisica e
Vulcanologia, Italy); Sarah Connors (ESA-ECSAT, UK)

Session: Science |: Quantifying and Understanding Regional and Global Sea Level variability, trend and
acceleration
Presentation type: Oral

Abstract:

Closing the Sea Level Budget (SLB) remains a central challenge in modern physical oceanography. First, it
requires the accurate identification and quantification of each significant contributors to sea level change through
this closure. Second, it provides an efficient framework to monitor and cross-validate the performance of complex
global observation systems, including satellite altimetry constellation, satellite gravimetry missions
(GRACE/GRACE-FO), and the Argo in-situ network. Third, SLB closure offers a valuable approach to assess the
consistency of observed climate variables, such as sea level, barystatic sea level, temperature and salinity, land
ice melt, and changes in land water storage, with fundamental conservation laws, particularly those governing
mass and energy.

In this presentation, we provide an updated assessment of both global mean and regional sea level budgets. Our
analysis includes: 1) a comprehensive evaluation of budget components and residuals from 1993 to 2023 for the
global mean, as well as spatial variations over the GRACE/Argo era; 2) the identification of specific periods and
regions where the budget is not closed, i.e. where the residuals are significant; and 3) recent advances in
characterizing the spatial patterns of these residuals.

Within the framework of the Sea Level Budget Closure Climate Change Initiative (SLBC_cci+) programme of the
European Space Agency we investigate SLB misclosures implementing an objective inverse method that
optimally combines sea level contributions, weighting them against their respective instrumental uncertainties,
following the frameworks of Rodell et al. (2015) and L’Ecuyer et al. (2015). This approach allows precise
identification of periods when misclosures exceed uncertainty bounds and helps identify the components most
likely responsible for these discrepancies.
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Abstract:

Many previous studies concluded that the global mean sea level (GMSL) budget over the 1993 to 2016 time span
was closed within data uncertainties. However, recently, new investigations have shown that since 2016, the
GMSL budget, based on Argo data down to 2000 for the thermosteric contribution, is no longer closed. Using an
ocean reanalysis with no altimetry data assimilation, we show that accounting for the deep ocean thermosteric
contribution (below 2000 m, not sampled by Argo) allows the GMSL budget to be almost closed since 2016. This
deep ocean contribution to the GMSL budget mostly comes from the northwestern Atlantic and southern oceans.
Besides, year 2016 also corresponds to a clear increase of the upper ocean temperature and a correlation break
between the averaged Pacific and Atlantic interannual sea levels and the Pacific Decadal Oscillation, suggesting
a growing influence of ocean warming, possibly linked to an increasing role of external (anthropogenic) forcing
factors.
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Abstract:

Since the beginning of the industrial era, the ocean has been the primary reservoir for storing the energy
accumulated by the Earth from greenhouse gas emissions, in the form of heat (~91%). An accurate estimation of
changes in ocean heat uptake (OHU) smaller than 0.1 W-m?2 (at the 5-95% confidence level) is required to
quantify Earth’s energy imbalance (EEI) and to monitor climate change (Meyssignac et al., 2019).

The new version of the MOHeaCAN product (v6.0), available on the ODATIS-AVISO portal (Ocean heat content
(OHC) change and Earth energy imbalance (EEI), aims to estimate ocean heat content (OHC) by combining
space altimetry and gravimetry measurements with in situ temperature/salinity (T/S) profiles. The MOHeaCAN
approach combines the strengths of different observation systems. Space geodetic data provide high-
spatiotemporal frequency, global coverage and robust uncertainty characterisation, while in situ T/S
measurements offer detailed vertical profiles of ocean temperature and salinity. Combining these data sources
and their respective uncertainties yields more accurate and comprehensive OHC observations.

In this presentation, we introduce the major improvements made in the latest version of the MOHeaCAN product
(v6.0), which are: 1) OHU is estimated in the upper 2000 metres based on an inverse method developed by
Fourest et al. (2026), which combines now Argo T/S profiles with space geodetic measurements; 2) a new
estimate of the deep ocean contribution to the OHU is provided from the residuals of the inverse method; and 3)
an updated estimate of the OHU uncertainty.

The presentation will particularly focus on the method developed to provide OHU uncertainty estimates. The
method is based on a Monte Carlo approach to propagate space geodetic uncertainties (altimetry and
gravimetry) through the new inverse method developed by Fourest et al. (2026). This approach takes into
account the temporal structures of the altimetry and gravimetry errors along with the errors induced by the limited
spatiotemporal coverage of ARGO to provide realistic regional OHC trend uncertainty. At a regional scale of 100
km and across the entire water column, the median value of OHC trend uncertainty is close to 0.5 W m-2 [0.24,
1] ([5-95]% confidence level). The spatial structures of the space geodetic errors will be also modelled to
consistently provide the global OHU uncertainty estimate from the regional OHC trend uncertainty.
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Abstract:

Seasonal forecast of sea-level variations along the U.S. Atlantic Coast and Gulf Coast using coupled ocean-
atmosphere models has limited skill. The reasons include (1) the lack of seasonal predictability of Atlantic
atmospheric forcing that drive sea level variations and (2) coupled model forecast drifts that cause a rapid
memory loss of the initial ocean state. It raises the question of what predictability the initial state can provide
through ocean dynamics without knowledge of future atmospheric forcing. Here, we address this question by
performing 12-month hindcasts of the 3-D ocean state using the ECCO (https://ecco-group.org/) global ocean
model initialized monthly from ECCO ocean state estimates but forced by climatological atmospheric forcings.
Nonseasonal anomalies in the hindcasts reflect dynamic evolution of the initial ocean state without knowledge of
future atmospheric forcing, coined as Ocean Dynamic Persistence (ODP). ODP hindcasts of U.S. Atlantic Coast
and Gulf Coast generally outperformed the predictions based on the altimetry-based damped persistence (a
commonly used statistical prediction method) and the state-of-the-art ECMWF SEASS climate forecast system
when evaluated against observations. At a lead of 4 months, ODP hindcasts have the highest anomaly
correlation coefficients with tide-gauge data at 22 out of 39 coastal locations (mostly south of Cape Hatteras).
The sea-level predictability from ODP comes from ocean dynamic memory of the initial states that contain
anomalies associated with open-ocean Rossy waves generated by prior atmospheric forcing. The Rossby waves
propagate slowly from the open Atlantic Ocean towards the U.S. Atlantic Coast and subsequently transmitted into
the Gulf Coast via Coastally Trapped Waves, giving rise to significant se-level predictability along these coasts.
We also highlight many regions in the world ocean where ODP has a significant skill in predicting sea level
anomalies months in advance and discuss the potential difference in the underlying physics. The significant
predictability offered by ODP underscores the importance of improving coupled models to maximize the
predictability offered by initial ocean state. The ODP method is a general approach that is applicable to
predictability studies for other phenomena and time scales.
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Abstract:

Satellite radar altimetry has been a cornerstone of ocean observation for more than three decades, providing
essential measurements of sea surface height, wave height, and wind speed. Continuous improvements in
geophysical corrections, orbit solutions, and instrument calibration have led to the need for periodic reprocessing
of historical datasets to ensure consistency and maximize scientific value.

In this context, the transition to the Geophysical Data Record standard GDR-G represents a significant
advancement in the accuracy and homogeneity of altimetry products, incorporating updated geophysical models,
improved corrections, and harmonized processing conventions. The reprocessed GDR-G datasets provide a
more reliable foundation for climate studies, operational oceanography, and data assimilation systems

This work presents the status of reprocessing campaigns for multiple satellite altimetry missions to the GDR-G
standard. It aims to provide the altimetry community with a clear understanding of the GDR-G content and status
of the availability of reprocessed datasets, supporting their use in climate studies, ocean monitoring, and
operational services.
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Abstract:

The NASA-CNES climate science Surface Water and Ocean Topography (SWOT) satellite was successfully
launched in December 2022. SWOT is the first space mission to study nearly all of the water on Earth’s surface.
To complete this global survey and mapping of the finer details of the ocean’s surface topography and water
bodies over time, the satellite is equipped with GPS (Global Positioning System) and DORIS (Doppler
Orbitography and Radiopositioning Integrated by Satellite) dual-frequency receivers, as well as a Laser
Retroreflector Array (LRA) to support verification of the challenging Precision Orbit Determination (POD)
requirements—approximately 1 cm RMS error along the radial axis.

This poster highlights current efforts made by the CNES team to improve the orbit determination. This includes
the update from standard F to standard G, with an improvement of the parameters. For validation, SLR
measurements, as well as comparisons with JPL orbits, are used.

An analysis of self-shadowing effects, due to SWOT'’s large appendages (solar panels, KaRlIn, radiators)
extending from the main central body, is also described, with a focus on the impact on empirical forces and on
the orbit.
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Abstract:

We provide an assessment of GPS-based precise orbit determination (POD) solutions for the Surface Water and
Ocean Topography (SWOT) satellite after more than 3 years in orbit. High-accuracy POD is critical to achieving
SWOT’s mission objectives as radial orbit errors directly propagate into its measurements of the height of water
over the oceans and inland water bodies. The SWOT satellite carries three tracking systems, all with significant
heritage from the Sentinel-6 mission, to achieve the formal radial orbit accuracy requirements of 15 mm (RMS).
They include a GPS-only TriG receiver, a Doppler Orbitography and Radiopositioning Integrated by Satellite
(DORIS) receiver, and a laser retroreflector array (LRA) to facilitate measurements from the global satellite laser
ranging (SLR) network.

Withheld SLR tracking data suggest that our GPS-only POD solutions are achieving radial orbit accuracies of
better than 6 mm (RMS). Time tag errors of approximately 0.5 microseconds have been observed in the GPS
tracking data. We also show that potential multipath errors appear to be strongly correlated with the orientation of
the spacecraft solar panels.
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Abstract:

The International Combination Service for Time-variable Gravity Fields (COST-G) is a Product Center of IAG’s
International Gravity Field Service (IGFS). COST-G provides consolidated monthly global gravity fields in terms
of spherical harmonic coefficients and thereof derived grids of surface mass changes by combining existing
solutions or normal equations from COST-G analysis centers (ACs) and partner analysis centers (PCs). The
COST-G ACs adopt different analysis methods but apply agreed-upon consistent processing standards to deliver
time-variable gravity field models from GRACE/GRACE-FO low-low satellite-to-satellite tracking (II-SST) and from
Swarm GPS high-low satellite-to-satellite tracking (hl-SST). The poster presents the organizational structure of
COST-G and results from the second releases of combined monthly GRACE and GRACE-FO solutions. In
addition, the provision of Fitted Signal Models (FSM), allowing for a few months prediction and therefore
application in operational precise orbit determination activities of low Earth satellites, is discussed.
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Abstract:

The Copernicus Precise Orbit Determination (CPOD) Service is key to the Copernicus Sentinel missions,
supporting Sentinel-1, -2, -3, and -6 with precise orbit products and auxiliary data. These products enable the
operational generation of scientific data at ESA and EUMETSAT and are distributed via the Copernicus Data
Space Ecosystem (https://dataspace.copernicus.eu/).

Accurate modelling of non-gravitational forces is essential for precise orbit determination (POD) of altimetry
missions. Among these, radiation pressure effects remain a major source of modelling error, particularly for
satellites with complex geometries such as Sentinel-6 Michael Freilich.

Conventional macro-model approaches are often insufficient to represent the detailed structure of Sentinel-6,
leading to systematic signatures in empirical accelerations estimated during POD. To overcome these limitations,
a high-fidelity radiation pressure modelling approach based on a detailed three-dimensional spacecraft model
has been investigated.

The methodology relies on a surface projection algorithm, implemented in the GMV GRIAL tool, which computes
radiation forces directly from CAD-based geometry combined with optical and infrared surface properties. The
resulting force coefficients are precomputed as a function of the incident radiation direction in the spacecraft
frame, enabling efficient integration into POD processing. The approach consistently accounts for solar radiation
pressure, as well as Earth albedo and infrared contributions.

The method has previously demonstrated equivalent results to the conventional macro-model approach for box-
wing-type platforms such as Sentinel-3, thus validating the methodology. Its application to Sentinel-6 is currently
under assessment. Initial results show limited reduction of empirical acceleration signatures, despite the
increased model fidelity. The analysis indicates a strong sensitivity to the assumed geometry and surface
properties, pointing to spacecraft characterisation as a key limiting factor. These results suggest that further
improvements in radiation pressure modelling for complex altimetry missions require not only advanced
modelling techniques, but also more accurate and complete spacecraft descriptions from satellite manufacturers
and integrators.

This contribution will present the status of the current analysis, methodology, preliminary results and future steps,
as well as recommendations for future missions.
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Abstract:

The Satellite Laser Ranging (SLR) contribution to the ITRF2020 reference frame was generated applying
station/satellite-specific range biases, determined for the spherical geodetic SLR satellites beforehand by long-
term residual analysis. Later analysis revealed that for the correct evaluation of SLR measurements, e.g. to
altimetry satellites, at least station-specific range biases have to be applied. Due to the sparse SLR observation
coverage, a co-estimation of arc-wise range biases weakens the geophysical signal content of the observations.
In preparation for the multi-observation technique co-location satellite mission GENESIS, combined GNSS/SLR
orbit and geophysical parameter estimation experiments are being performed with Low Earth Orbiters equipped
with GNSS receivers and SLR reflectors, like the Sentinel-3 and -6 satellites. For these experiments long-term
range-biases have been determined, based on the GNSS-derived satellite orbits. We present the range bias
estimates and discuss their long-term stability and sensitivity to the SLR observation screening strategy applied,
and their correlation with surface loading-induced station displacements.
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Abstract:

GNSS measurements from Sentinel-6B, launched to ensure continuity of high-precision altimetry observations,
have been routinely processed within the Copernicus Precise Orbit Determination (CPOD) Service since the
early start of its commissioning phase. The satellite has been successfully integrated into the operational
processing chains, ensuring seamless generation of orbit products and auxiliary data.

All operational chains, including Restituted Orbit Ephemerides (ROE) and GNSS observation RINEX generation,
are running nominally, paving the way for a smooth transition from commissioning to routine operations. The
overall system performance confirms the robustness of the CPOD Service in accommodating new missions
without disruption.

First performance assessments indicate that the orbit accuracy achieved for Sentinel-6B is fully consistent with
the levels obtained for Sentinel-6 Michael Freilich, ensuring continuity of altimetry-quality orbit solutions.
Meanwhile, equivalent levels of timeliness are achieved, generating solutions in less than 5 minutes since GNSS
LO data reception.

In addition to the routine operational generation of products, CPOD actively supports EUMETSAT
Commissioning team. As a highlight affecting orbit accuracy since its launch, CPOD has analysed and
characterised two temporary orbit accuracy excursions, currently under investigation. These activities are
essential to ensure the quality and reliability of the operational products in all possible scenarios, as well as to
identify potential issues in orbit.

Ongoing and future calibration and validation activities include the in-flight calibration of antenna phase center
variations, analysis of empirical accelerations and clock solutions, and cross-comparison with independent orbit
solutions. These efforts aim to consolidate the performance assessment and further refine the POD processing
for Sentinel-6B.

This contribution presents the operational status, first performance results, and ongoing calibration activities for
Sentinel-6B within the CPOD Service.
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Abstract:

Coastally trapped waves (CTWSs) are a major driver of subseasonal coastal and shelf sea-level variability, with
periods ranging from a few days to several months. Although CTWs have been mostly studied using numerical
models, observational evidence remains limited due to the sparse spatial coverage of tide-gauge networks and
the constraints of gridded satellite altimetry products, which rely on the interpolation of sparsely sampled along-
track data. In particular, the higher-frequency components of the CTWs spectrum have remained largely
unobserved, primarily because of the temporal limitations of conventional altimetry missions.

Recent developments such as the simultaneous operation of multiple altimetry missions, advances in processing
technologies, the introduction of wide swath altimetry, and the creation of new interpolation techniques offer the
potential to significantly improve the monitoring of CTWs.

In this study, we show that monitoring CTWSs with sub-monthly periods using satellite altimetry can be achieved in
two ways. First, we take advantage of the fast-sampling phase of the SWOT mission, which provides an
unprecedented opportunity to examine rapidly evolving signals over the Patagonian shelf. Secondly, we use the
combination of the SWOT Karin sea level data with along track estimates from the nadir altimetry constellation
using the MIOST interpolation scheme. This product is currently available as an experimental dataset from
AVISO. It is compared to the latest DUACS DT2024 daily gridded sea level product, which is based on nadir
altimeters and MIOST.

In both cases SWOT observations reveal waves with periods between 8 and 14 days and confirm the CTW
signature previously observed in pointwise current measurements and tide gauges. These waves represent a
major component of the sea surface height anomaly variability captured by the sub-monthly high-pass filtering
applied to the fast-sampling phase and to the daily gridded products.

Our research suggests that the increasing availability of combined along-track and swath altimetry products in the
SWOT era opens the door to establishing an innovative altimetry-based monitoring system for CTWs. Such a
system would complement and enhance existing approaches based on sparse in situ observations and numerical
simulations, and could contribute to a better understanding of the role of CTWs in coastal upwelling and marine
productivity.
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Abstract:

The Surface Water and Ocean Topography (SWOT) satellite features unprecedented wide-swath altimetry that
provides global observations of ocean surface topography. Its three-month calibration/validation (CalVal) phase
resulted in daily sea surface height measurements for limited geographic regions including the Newfoundland
Shelf off Canada’s east coast. In this article we assess the accuracy of the Level-3 SWOT measurements for
coastal sea level and current variations off the eastern Newfoundland coast. SWOT data agree well with tide-
gauge data for measuring storm-band and intra-seasonal sea level variations at two coastal sites. The root-
mean-square (RMS) difference between daily SWOT and tide-gauge non-tidal sea level anomalies are about 3-6
cm. At two sites where the inshore Labrador Current is located, the SWOT-derived geostrophic currents are in
approximate agreement with Acoustic Doppler Current Profiler (ADCP) data. The geostrophic currents derived
from the reconstructed SWOT data show similar agreement at these sites, even at another site located in the 20-
km measurement gap area. SWOT results well capture cross-shelf exchanges and intraseasonal variations in the
inshore Labrador Current.
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Abstract:

This study presents a novel machine learning framework for detecting oceanic fronts in the Gulf of Mexico (GoM)
using an unsupervised Gaussian Mixture Model (GMM). The proposed approach is applied to both conventional
satellite altimetry and high-resolution Surface Water and Ocean Topography (SWOT) altimetry data to identify
mesoscale and submesoscale frontal structures. The detected fronts are evaluated against chlorophyll-a
observations from NASA’s Plankton, Aerosol, Cloud, ocean Ecosystem (PACE) mission and compared with 1 km
high resolution Hybrid Coordinate Ocean Model (HYCOM) simulations. The methodology is assessed through
multiple case studies representing diverse oceanographic conditions, including seasonal variability, flood and
drought extremes, and distinct phases of the Loop Current system. Unlike traditional gradient- and histogram-
based techniques, the GMM framework provides a statistically robust, data-driven, and fully unsupervised
alternative for frontal identification. This work offers a comprehensive evaluation of the method’s performance in
resolving highly dynamic frontal features across spatial scales. Ocean fronts act as critical interfaces that regulate
vertical and lateral exchanges of heat, nutrients, thereby influencing regional ecosystem productivity and larger-
scale climate processes. By improving the detection and characterization of mesoscale and submesoscale fronts,
this study establishes a methodological foundation for enhancing their representation in ocean circulation
models. Improved frontal diagnostics will support more accurate model validation, better depiction of cross-scale
interactions, and deeper insight into the and improved understanding of cross-scale ocean processes.
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Abstract:

The Antarctic Circumpolar Current (ACC), play a central role in the redistribution of heat, carbon, and nutrients.
The recent Surface Water and Ocean Topography (SWOT) mission provides unprecedented observations of
ocean dynamics down to scales of 15—100 km, opening new perspectives on the role of fine-scale processes in
tracer transport.

The FOCUS campaign (November—December 2023) targeted an energetic ACC meander south of Tasmania,
where the flexing of the Polar Front forms an eddy dipole. Surface drifters were deployed to quantify dispersion
and stirring properties, while high-resolution in-situ measurements, including Triaxus and gliders, documented the
subsurface structure of the eddies.

We present here a combined analysis of this eddy dipole, from surface to subsurface, highlighting the role of
filamentation in driving cross-frontal exchanges. SWOT observations reveal the fine-scale surface signatures of
these processes, consistent with drifter-derived dispersion. These surface signatures are connected to
filamentary structures observed in hydrographic sections, providing evidence of cross-frontal intrusions
contributing to net poleward heat transport.

A high-resolution regional model is used to support the interpretation of these observations and to further
investigate how lateral stirring drive these cross-frontal exchanges in the ACC.
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Abstract:
SWOT as a tool to evaluate pathway of ocean heat to Antarctic continental shelf and into ice shelf cavities.

In this presentation we focus on the applications of SWOT, remote sensing, in situ measurements and modelling
to evaluate the ocean heat pathways to Antarctic ice. The Australian Antarctic Program Partnership focuses
Antarctic oceanography on the crucial question of how the extra heat absorbed by the Southern Ocean gets onto
the Antarctic shelf and reach the ice shelf cavities to produce melt. Here we show 2 cases through 2 of our
Antarctic program experiments where smaller eddies uniquely observed by SWOT are playing a key role in
transferring that heat.

The CSEACOM experiment focuses on the Antarctic Slope Current. We identify areas of high cross shelf slope
eddy heat flux using a high-resolution model and SWOT higher resolution products for which we develop a
specific processing workflow to account properly for seaice and the small Rossby radius of the area. We can then
describe the pathway of eddy heat transfer onto the Vincennes Bay area.

The Denman Marine Voyage on-board RSV Nuyina visited the region in March-April 2025 and deployed a
significant oceanographic investigation with some datasets already showing stunning small scale ocean
processes. SWOT observations, using the same workflow, show very strong currents in the vicinity of the glacier
and induced very small and strong instabilities and eddies. Combining the satellite observations and situ currents
and full depth profiles of water properties we identified the frequent presence of a strong submesoscale eddy in
front of the Denman glacier responsible to bring warmer waters at depth where they can then enter the cavity of
the fast-melting glacier.
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Abstract:

The Patagonian continental shelf hosts one of the most productive marine ecosystems worldwide and is bounded
offshore by the equatorward-flowing Malvinas Current (MC). The shelf-slope transition is marked by a strong
thermohaline front, along which cross-shelf exchanges are not eveident. Except at ~ 41°S in concomitance with
the presence of submarine canyon heads impinging the shelf edge (40-42°S) where the occurrence of slope
water intrusions onto the continental shelf was documented. However, the mechanisms controlling these
intrusions, and their variability remain poorly understood due to limited observations. This study has two main
objectives. First, the evaluation of available total and geostrophic velocity products (satellite altimetry, reanalysis,
forecast, and multi-observation datasets) to design a Lagrangian experiment conducted during the R/V Falkor
(too) cruise in October 2025, aimed at documenting MC water intrusions onto the continental shelf. Virtual
particles were advected using the Parcels Python framework, forced by the different products. Results show that
daily gridded altimetry captures the occurrence of MC intrusions, while the hourly multi-observation product
accurately reproduces the trajectories of both CARTHE drifters (centered at 40 cm) and SVP drifters (centered at
15 m). Second, we investigate the physical processes driving the intrusion of cold, saline offshore waters into the
warmer, fresher, and highly productive shelf region. The Lagrangian experiment, consisting of a dense array of
28 CARTHE and 16 SVP drifters, successfully captured an intrusion event during the cruise, demonstrating the
effectiveness of the experimental design. These results highlight the value of combining multi-source velocity
products and Lagrangian modeling to both optimize in situ sampling strategies and improve our understanding of
cross-shelf exchange processes in this dynamically complex region.
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Abstract:

Using SWOT and conventional nadir altimetric data, we investigate the surface signature of the Island
Mass Effect (IME) around the Fernando de Noronha Archipelago and the Rocas Atoll in the western tropical
Atlantic. Across the islands, the central branch of the South Equatorial Current (cSEC) flows westward at the
surface while the eastward South Equatorial Undercurrent (SEUC) flows below in the thermocline, generating
complex dynamics such as eddies, wakes, and upwelling that enhance local productivity in otherwise oligotrophic
waters. Over the 2023-2024 period, we explore whether submesoscale surface features associated with IME can
be detected, using in addition SST and ocean color products.

Using eddy tracking technic, the SWOT data reveal numerous cyclonic and anticyclonic eddies with radii typically
below 15 km, often co-located with cold sea surface temperature anomalies and elevated chlorophyll-a
concentrations. These patterns indicate submesoscale-driven upwelling processes that promote nutrient supply
and biological productivity, providing direct observational evidence of IME at the surface. The spatial variability of
vertical exchanges, inferred from SST Laplacian analysis, highlights the complexity of these processes.

A comparison with conventional altimetry products (DUACS, MIOST) and the GLORYS12V1 global ocean
reanalysis shows that these datasets fail to resolve such fine-scale structures due to their coarser resolution and
smoothing effects. In contrast, SWOT significantly improves detection capability, capturing eddies as small as 3
km and low-amplitude signals.

Overall, this study demonstrates that SWOT enables the observation of previously unresolved submesoscale
dynamics around small oceanic islands, offering new insights into the coupling between physical processes and
marine ecosystems, and advancing the understanding of ocean circulation in insular environments.
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Abstract:

The overall aim of ESA FRESH4Bio is to advance the current state of knowledge of the impact of the Arctic
freshwater export and Greenland ice discharge on modulating the water column structure and phytoplankton
dynamics on the East Greenland Shelf (EGS) Fresh4Bio aims to advance on understanding the effects of
freshwater export on the water column structure and, further, on the onset of phytoplankton communities in East
Greenland. We are assessing East Greenland biogeochemistry with a strict focus on maximizing the use of Earth
Observation data to determine the three major components and their interconnections: water column structure,
oceanic and Greenland freshwater export, and phytoplankton dynamics.

We developed 2-km-resolution maps of ocean topography, geostrophic currents, and relative vorticity from April
2023 to October 2024 by interpolating SWOT and nadir altimetry data in both space and time. These maps
enable the exploration of fine-scale ocean processes (20—-100 km) that were previously unresolvable by
conventional altimetry. We demonstrate coupled physical-biological processes in a 20-km anticyclonic eddy
using co-located observations of sea surface temperature and chlorophyll-a.
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Abstract:

Mesoscale eddies play a major role in upper ocean dynamics and have a significant impact on biophysical and
biogeochemical processes. These eddies transport ocean properties, can serve as feeding grounds for marine
species, and heavily impact air-sea interactions and hurricane forecasts. Tracking these features and analyzing
their properties has become a common application of satellite altimetry, but analyzed eddy fields are frequently
limited to the use of altimetry alone. To create a more complete picture of the mesoscale eddy fields in the global
ocean, a MUItiparameter Near real-time System for Tracking Eddies Retroactively (MUNSTER) is produced by
NOAA’s SSH Team as an adaptable and flexible product suite. The present version of MUNSTER is based on
the near real-time (NRT) satellite observations from NOAA daily gridded sea level anomalies (SLA) from the
Radar Altimeter Database System (RADS), and includes 23 observations and calculated tracked variables from
across NOAA STAR's science teams. Here we present an update of the MUNSTER product suite, with eddy
fields based on absolute dynamic topography (ADT) and an updated trajectory cost function that improves the
fidelity of eddy trajectories.

One of the major benefits of eddy tracking is its ability to work synergistically with in-situ observations to obtain a
more complete understanding of the ocean system. Here we present a recent application of our improved
MUNSTER algorithm in response to Hurricane Idalia (2023) off the coast of Florida (McWhorter et al., 2026). A
Saildrone and Biogeochemical-Argo (BGC-Argo) float were uniquely positioned in the path of Idalia, and
combined with satellite measurements, these observations revealed both a surface and subsurface chlorophyll
bloom in direct response to riverine input, hurricane-related upwelling, and mesoscale eddy processes.
Disclaimer: the scientific results and conclusions, as well as any views or opinions expressed herein, are those of
the authors and do not necessarily reflect those of NOAA or the Department of Commerce.

References:

McWhorter JK, Looney LB, Le Hénaff M, Roman-Stork HL, Foltz GR, Gomez F, Cornec M, Soden M, Zhang JA
and Osborne EB (2026) Subsurface biogeochemical response to Hurricane Idalia within a cyclonic eddy and river
plume—stratified environment. Front. Mar. Sci. 13:1740354. doi: 10.3389/fmars.2026.1740354
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Abstract:

Mesoscale eddies play a key role in regulating oceanic energy, heat, and biogeochemical cycles by trapping and
transporting water masses over large distances. They also strongly influence the distribution of surface tracers,
shaping ecological niches and large-scale ocean circulation patterns. For more than three decades, global daily
maps of absolute dynamic topography (ADT) derived from multi-satellite altimetry have provided observations of
the surface signature of mesoscale variability. Eddy activity and transport are typically studied from these
datasets by detecting and tracking individual eddies using automated algorithms.

In this study, we introduce a new global eddy atlas: META4-Networks (Mesoscale Eddy Trajectories Atlas —
Networks) based on the py-eddy-tracker algorithm [1,2]. Like previous atlases, META4 provides eddy properties
and trajectories over the global ocean based on ADT. Its main novelty is the explicit identification of eddy—eddy
interactions, such as merging and splitting events, which are used to group individual eddies into networks of
interconnected trajectories. This network-based framework makes it possible to analyze eddy properties not only
along isolated tracks, but also during interaction events, providing new insights into eddy-driven transport and
connectivity.

The first release, META4.0, is based on the DT21 DUACS ADT product [3]. A second version, META4.1, is
currently being generated using the newer DT24 ADT fields [4], which offer an increased spatial resolution (1/8°
compared to 1/4°). This higher resolution improves the detection of smaller and shorter-lived eddies, and
provides a more detailed description of mesoscale structures. However, it also introduces some limitations, such
as the presence of spurious, quasi-stationary eddies along satellite tracks, related to small-scale mapping
artifacts. Different strategies are currently being investigated to mitigate their occurrence, including removing
some of the smallest spatial scales in the ADT fields or post-processing removal of the detected eddies within the
atlas.

Preliminary comparisons between META4.0 and META4.1 highlight the trade-off between improved resolution
and increased small-scale noise. While DT24-based products reveal a richer eddy field and finer structures,
careful treatment is required to ensure the physical consistency of the detected eddies and their interactions.
Both atlas versions are evaluated using a range of complementary diagnostics, including global statistical
analyses, comparisons with independent datasets (sea surface temperature and chlorophyll concentration),
clustering analysis of eddy networks, and Lagrangian advection experiments with synthetic particles.

Overall, by extending the representation beyond isolated trajectories, META4-Networks enables a more
integrated view of eddy life cycles, from their formation and pathways to their interactions and role in shaping
mesoscale dynamics and connectivity.

[1] Delepoulle, A., evanmason, Clément, CoriPegliasco, Capet, A., Troupin, C., and Koldunov, N.: AntSimi/py-
eddy-tracker: v3.6.1, https://doi.org/10.5281/zen0d0.6333989, 2022.

[2] Gamot, J., Delepoulle, A., Nencioli, F., Pujol, M. 1., & Dibarboure, G. (2026). META4. 0: a new mesoscale
eddy network atlas derived from altimetry. Earth System Science Data Discussions, 2026, 1-31.

[3] Faugeére, Y., Taburet, G., Ballarotta, M., Pujol, ., Legeais, J. F., Maillard, G., and Dibarboure, G.: DUACS
DT2021: 28 years of reprocessed sea level altimetry products, EGU General Assembly Conference Abstracts,
pp. EGU22-7479, https://doi.org/10.5194/egusphere-egu22-7479, 2022.

[4] Ballarotta, M., Dagneaux, Q., Delepoulle, A., Dibarboure, G., Dupuy, S., Faugere, Y., ... & Taburet, G. (2025,
March). DUACS DT-2024: 30 years of reprocessed sea level altimetry products. In EGU General Assembly
Conference Abstracts (pp. EGU25-3715).
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Abstract:

Understanding variations in the Earth’s rotation over timescales ranging from hours to decades is essential for
applications such as satellite orbit determination and for improving our knowledge of Earth’s internal structure
and global dynamics. These variations are mainly driven by mass redistributions within the hydro-atmospheric
system, including the atmosphere, oceans, and continental waters, as well as by tidal forcing.

The objective is to better understand the mechanisms responsible for rotational variations, such as the
maintenance of the free nutation caused by the liquid core (called “free core nutation”) or the drift of the axis
rotation, and their links with climate variability.

In this context, ocean angular momentum is decomposed into mass and motion components. The mass
component is estimated using two approaches: (i) computing the inertia tensor from model-derived bottom
pressure fields, and (ii) reconstructing bottom pressure from seawater density derived from temperature and
salinity fields. The motion component is calculated from ocean velocity fields, and the associated kinetic energy is
also evaluated to characterize the dynamical contribution of the ocean

In the first approach, the bottom pressure is expressed as the sum of a barotropic contribution associated with
variations in sea surface height and a steric contribution linked to density variations in the water column (Ponte et
al., 2007). These density variations result primarily from changes in temperature and salinity and modify the
vertical structure of the water column. For the steric component, the density anomaly is defined relatively to a
reference state given by the temporal mean density over the study period. This removes the mean state and
isolates the temporal variability of the water column

. Furthermore, the area-weighted spatial oceanic mean is removed from the pressure field to retain only the
dynamic anomalies. These anomalies, associated with spatial redistributions of ocean mass, are the main
contributors in the Earth’s moment of inertia and thus to the excitation of rotational variations (Harker et al.,
2021).

The second approach consists of directly using the model-derived bottom pressure fields provided by Copernicus
products, which implicitly include the full range of processes represented in the ocean model.

The time series obtained for the equatorial excitation functions show a good agreement between the two
approaches, both in amplitude and phase. This consistency indicates that the hydrostatic reconstruction captures
the dominant variability of bottom pressure associated with oceanic mass redistribution. The reconstructed
signals also exhibit realistic magnitudes and temporal variability when compared with geodetic reference series
such as ESMGFZ, ECCO or NEMO, supporting the physical consistency of the approach. Remaining differences
between the two methods are attributed to approximations in the density reconstruction and to the incomplete
representation of complex ocean dynamics.

These results provide a robust framework for investigating the oceanic contribution to Earth’s rotational variability.
Extending this approach to longer datasets and higher temporal resolution will enable a more comprehensive
analysis of variability from hourly to interannual timescales. Further improvements are expected through a better
representation of ocean dynamics and a tighter consistency with geodetic observations. Such developments will
contribute to a deeper characterization of the interactions between ocean dynamics, climate variability, and the
Earth’s rotational behaviour.
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Abstract:

Aiming to increase the overall reliability of the altimetric measurements, the future Next Generation Copernicus
Sentinel-6 (S6NG) satellite will carry a multi-frequency altimeter. A triple-frequency altimeter (C/Ku/Ka) is
hypothesised to enhance the ionospheric and sea-state bias corrections estimates, which are key factors in the
high accuracy retrieval process of altimetric records such as sea level trends. This study, conducted within the
framework of the European Space Agency project Data-Driven Performance Assessment of Altimeters and
Radiometers for Next-Generation Altimetry Missions (DPAAR), introduces a set of metrics and associated
analyses to assess the expected performance of the altimeter onboard of S6NG under different mission
characteristics, such as frequency bands or sizing orbits. To this end, a complete development of uncertainty
models is carried out. Theses models are based on retrievals methods of geophysical parameter (SWH, sigma-0,
power), as well as sea state bias and ionospheric corrections, in low resolution mode. The resulting frequency-
dependent uncertainties are then integrated in a methodology that allows for the analysis of the performance
between different frequency-band combination in terms of sea level and other geophysical parameters. This is
study relies both on synthetic data and observations from various altimetric Ka and Ku/C- band missions,
including Sentinel-6, Jason-3, and Altika, covering an extended spatio-temporal domain.
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Abstract:

Accurate retracking of SAR altimetry waveforms in coastal and high-variability

environments remains a challenging task for conventional analytical retrackers. This work
presents SARN (Stacked-waveform Altimetry Retracking Network), a deep learning retracker
developed independently for Sentinel-3 (SARN-S3) and Sentinel-6 Michael Freilich (SARN-
S6), with application to the Eastern Mediterranean Sea.

Both models share a hybrid architecture that processes stacks of five consecutive SAR
waveforms through a 2D residual convolutional network, combined with a tabular branch
incorporating geophysical features (significant wave height, backscatter coefficient, SNR,
distance to coast, and seasonal harmonics). A learned orbit embedding absorbs orbit-
dependent biases, with explicit out-of-vocabulary handling to support generalization to
unseen orbits. The target variable is the L2 sea surface height anomaly.

SARN-S3 is evaluated on two fully withheld test orbits. Orbit 007 is a seen orbit assessed on
temporally withheld data from years not used in training, yielding MAE = 0.069 m. Orbit 107
is a fully unseen orbit over the lonian Sea, constituting a cross-basin out-of-distribution test,
yielding MAE = 0.073 m. Across both orbits, coastal (&It;10 km) MAE = 0.083 m and offshore
MAE = 0.070 m. A pronounced seasonal asymmetry is present: winter conditions produce
MAE = 0.105 m, consistent with energetic sea states and waveform distortion, while non-
winter performance reaches MAE = 0.062 m. An ensemble configuration (SARN-S3/E),
combining three model variants via Ridge stacking, reduces overall MAE to 0.066 m and
substantially improves generalization on the spatially unseen orbit (Orbit 107: MAE = 0.065
m vs. 0.073 m for the single model). Seasonal gains are most pronounced outside winter
(Summer MAE = 0.049 m, Fall MAE = 0.050 m); winter remains the dominant error regime
for both configurations (ensemble Winter MAE = 0.099 m).

SARN-S6 is trained on four Aegean Sea orbits spanning 2022—-2024 and evaluated under two
protocols. On a stratified holdout of a seen orbit (orbit 047, Aegean), the model achieves
MAE = 0.039 m. On a fully unseen orbit over the lonian Sea (orbit 085), constituting a cross-
basin out-of-distribution test, SARN-S6 achieves MAE = 0.053 m with a systematic bias of
—-0.017 m — a threefold reduction relative to a prior single-year model (bias = —0.052 m),
demonstrating the importance of temporally stratified training. Coastal and seasonal
breakdowns for both test orbits will be presented.

Cross-mission calibration between SARN-S3 and SARN-S6 retracked SSH is performed via
an offshore-first collinear matchup pipeline with robust affine bias correction. Full calibration
results will be presented.
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Abstract:

The Copernicus polaR Ice and Snow Topography ALtimeter (CRISTAL) is one of the high-priority candidate
missions under development to expand the constellation of Sentinel satellites of the European Union Copernicus
program in order to provide a response to the need for operational monitoring of the polar regions. Although
CRISTAL focuses primarily on cryosphere monitoring, one of the mission secondary objective is to contribute to
the global ocean measurement of the sea-surface height, wind speed and significant wave height as continuum
up to the polar oceans.

As part of the payload suite, CRISTAL will carry the IRIS sensor, which is a dual-frequency (Ku/Ka)
interferometric radar altimeter capable of operating in SAR Closed Burst, SARIn Open Burst and SARIn Closed
Burst modes.

In the framework of the CRISTAL mission, EUMETSAT has been entrusted by European Commission to produce
and disseminate operationally the global ocean products (i.e. open ocean, coastal, polar ocean and large lakes)
in three timeliness levels (NRT, STC, NTC).

Within the COPAS (Copernicus Altimetry Service) contract, led by CLS, isardSAT has been responsible for two
core activities supporting the preparation of the EUMETSAT CRISTAL ground segment: the specification of the
Level-1 processing algorithms and the generation of the L1 Test Data Sets (TDS).

A comprehensive state-of-the-art review was first conducted to identify mature algorithms suitable for the day-1
operational baseline. At Level-1, the review recommended the adoption of range walk correction, Chirp-Z
Transform (CZT) focusing, complex Residual Instrument Response (RIR) compensation, and a Ku/Ka collocation
strategy that exploits the reduced Ka Doppler bandwidth to produce co-located measurements at approximately
55 Hz posting rate. These findings were consolidated into the CRISTAL ALT Level-1 Product Generation
Specification (PGS) and the corresponding Product Format Specification (PFS), which define the processing
chain from instrument telemetry (post-L1A) to calibrated, multi-looked L1B waveforms in both high-resolution
(HR) and low-resolution (LR) modes, for both Ku and Ka bands, across all IRIS acquisition modes relevant to the
global ocean domain.

The second major activity, currently underway consists of generating the L1 TDS needed for the verification,
validation and acceptance of the operational Processing Generation Function (PGF) deployed in the CRISTAL
global ocean ground segment. The TDS are produced from three complementary sources: (1) simulated data
from the ESA CRISTAL System and Instrument Retrieval Simulator (CRISTAL SIRS), covering all science and
calibration modes; (2) transcoded data from existing altimetry missions (Sentinel-3/SRAL for SAR Closed Burst,
Sentinel-6/Poseidon-4 for SAR Open Burst, and ALTIKA/SARAL for Ka-band LR), ensuring scientifically
meaningful geophysical content with global coverage; and (3) Assembly Integration and Test (AIT) ground-test
data from the IRIS instrument, used for interface and functional verification. The TDS plan covers all L1 product
flavours (L1A, L1B HR/LR, calibrations L1/LTM) and all instrument modes: HR (RMC/RAW), HRIO, HRIC, LR.

This contribution presents the overall approach, the key algorithmic choices made for the L1 baseline, the TDS
generation strategy and the lessons learned from the transcoding and processing activities. The work described
here is an important step towards the operational readiness of the EUMETSAT CRISTAL ground segment,
expected to be reached by the mission launch around end of 2027.
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Abstract:

In the frame of the exploitation of the Sentinel-6 and Sentinel-3 altimetry missions, CNES has contracted CLS to
develop and further enhance the Sentinel Processing Prototype (SPP) [1]. SPP is a multi-chain (LRM, LR-

RMC, UF-SAR, FF-SAR, Pulse-Pair, Transponder) processor [2] in which the novel algorithms developed in the
CNES/CLS R&D activities are implemented and validated in support to the different thematic applications and in
view of promoting them for a possible implementation in operational ground segment. We presentthree main
applications made possible by recent developments in the SPP:

The Weighted Least Square (WLS) retracking algorithm [3] is a novel solution for processing LRM data, designed
to deliver unbiased geophysical parameters with enhanced performance. It accounts for a realistic description of
the waveform noise through a weighted estimator, statistically equivalent to a maximum likelihood estimator. The
WLS algorithm has been implemented within the SPP using a numerical Fourier domain-based model as
proposed in [4], with in-flight Point Target Response (PTR), and subsequently applied to S6A for both Ku and C
bands and S3A data. We demonstrated a 60% improvement in significant wave height (SWH) precision and
about a 10% gain in range compared to current operational retracking solutions, while requiring only twice the
computation time.

Theintroduction of two new parameters to the SARmodel, as proposed in [5, 6], accounts for ocean dynamics

by retrackingits influence on the two-dimensional delay-Doppler maps (or stacks). Those parameters describe the
azimuth smearing in SAR altimetry signals caused by the vertical wave velocity at the sea surface, as well as the
range bias associated with along-track geophysical Doppler effects. Doing so effectively correct most of the biases
in significant wave height (SWH) and sea surface height (SSH) observedin HR modes. This retracking

solution also makes it possible to retrieve the standard deviation of the wave's vertical velocity (related to the mean
wave period) and the along-track component of surface currents (primarily the Stoke drift), thus providing

valuable information for studying ocean waves and wind dynamics.

The low resolution with range migration correction (LR-RMC) processing[7],is like UF-SAR, as it includes
Doppler beam forming, Doppler correction and range migration correction. However, in LR-RMC all

beams produced in a radar cycle are incoherently combined to form a multi-beam echo. The broader LR-RMC
surface footprint effectively smooths surface waves and attenuates small sub-mesoscale features, while using the
same number of beams as UF-SAR. The application to S6A data shows an average improvement of 35% on sea
surface height noise and 50% on significant wave height noise, at 3 m waves, compared to UF-SAR, overall
better than what was found with S3A[8]. As pointed out by [9], the LR-RMC is the only current delay-Doppler
processing that can yield noise levels in line with the theorical expectations (speckle noise only). Those studies
performed with the SPP prototype allowed us to evaluate the relevance of new techniques in view of potential
implementation in operational ground segment.

[1] Dinardo, S. et al. (2023). 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.

[2] Rodet, L. et al. (2023). New Processing Capabilities in the SPP Chain for Improving the Sentinel-3 and
Sentinel-6 Altimetric Parameter Estimates. 2023 Ocean Surface Topography Science Team Meeting

[3] Mangilli, A. et al. (2025). Optimal Estimation of the Geophysical Parameters over Ocean for the Sentinel-6MF
Reference Mission. IEEE Transactions on Geoscience and Remote Sensing.

[4] Buchhaupt, C., Fenoglio-Marc, L., Dinardo, S., Scharroo, R., and Becker, M.: A fast convolution based
waveform model for conventional and unfocused SAR altimetry, Advances in Space Research, 62, 1445-1463,
https://doi.org/10.1016/j.asr.2017.11.039, 2018

[5]Buchhaupt, C. et al. (2021). Impact of vertical water particle motions on focused SAR altimetry. Advances

in Space Research, 68(2), 853-874.

[6]Buchhaupt, C. et al. (2023). Towards the Mitigation of Discrepancies in Sea Surface Parameters estimated
from Low- and High-Resolution Satellite Altimetry. Remote Sensing, 15, 4206.
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[8] Moreau,T. et al. (2021). High-performance altimeter Doppler processing for measuring sea level height under
varying sea state conditions. Advances in Space Research,Volume 67(6), 1870-1886.

[9] Ehlers, F. et al. (2026). Modeling the SAR altimetry noise: From high posting rates to precision

gains, Advances in Space Research, 77(2), 1404-1422.
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Abstract:

In this study, we evaluate the potential of the Experimental Ssalto/Duacs gridded multimission altimeter product
dedicated to the Arctic Ocean for assessing sea-level variability. Although the dataset spans only 2011-2021, it
offers unique value by exploiting sea-ice leads and incorporating CryoSat2 measurements, enabling sea-level
retrievals up to 88°N. We first assess the consistency between altimetry-derived sea-surface height and sea-level
records from Arctic tide gauges. The two datasets show comparable detrended and deseasoned monthly
variability across most regions, with the notable exception of the Kara and Laptev Seas, likely due to local
processes, such as river runoff, that are not well captured by satellite observations. We then examine the Arctic
sea-level budget by comparing satellite altimetry with thermosteric and halosteric components computed from
EN4 temperature and salinity fields, as well as the mass component inferred from several GRACE solutions. Our
analysis shows that the Arctic sea-level budget does not close. The estimated mass component exhibits notable
differences between GRACE solutions, highlighting the sensitivity of results to data processing choices.
Temperature and salinity trends suggest a minimal thermosteric contribution, while halosteric changes display a
spatial pattern similar to sea-surface height but with reduced magnitude. We proceed by identifying the depths
where changes in temperature and salinity most contribute to the observed sea-level trend. Interestingly,
temperature changes appear to little affect the sea-level trend at any depth, whereas salinity contributions
depend on depth. Interestingly, in the region Beaufort Gyre, salinity seems to negatively contribute to the sea-
level trend within the upper 50m circa and to positively contribute between approximately 150 and 200m depth,
with the latter contribution dominating over the upper 2000m. This last result for the Beaufort Gyre is promising
and opens to an analysis of the underlying oceanographic processes. Indeed, although the reliability of EN4 in
the Arctic is uncertain, there are indications that the salinity contribution in the Beaufort Gyre may be reasonably
accurate. First, a substantial number of in-situ observations, used to construct EN4 fields, are available in this
region. In addition, a satellite-derived sea-surface-salinity product (“ESA CCIl weekly and monthly sea surface
salinity products from L-band v5.5”) also shows a salinification trend over the study period, supporting the signal
seen in EN4.
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Abstract:

Reconstructing temperature and salinity structure of the ocean interior using sea surface parameters obtained
from satellites and other sources is a crucial challenge and is used in operational ocean data assimilation
systems. Sea surface height (SSH) is the most important parameter in estimating the internal structure because it
provides integral information on temperature and salinity. In this study, we performed temperature and salinity
estimation using SSH with two main methods. The first method uses the vertically coupled mode of the
temperature-salinity empirical orthogonal function (EOF) proposed by Fujii and Kamachi (2003). The second
method involves collecting ARGO float data near the estimation point (nearby-ARGO) and then locally applying
the Gravest Empirical Mode (GEM) proposed by Watts and Rintoul (2001) to estimate the temperature and
salinity. Using each method, estimations were performed along a hydrographic observation siding independent of
the ARGO observations, and accuracy was evaluated by comparing them with the measurements.

Historical ARGO float data was used to create the vertical modes of the EOF. The study period was from 2001 to
2023, and the area was from 120 to 180 degrees east longitude and from 0 to 60 degrees north latitude.
Following Fuijii and Kamachi (2003), the 1100m depth was decomposed into 20 layers, and the values at each
depth were interpolated using the Akima method. Climatologies from WOA18 were subtracted from each ARGO
float data to calculate anomaly profiles. From these profiles, vertical coupled temperature-salinity EOF modes
were calculated for every 2-degree grid. The EOF estimation was performed using WOA18 climate values as first
guess. Satellite observations of SSH and sea surface temperature (SST) were used as inputs. Using historical
data, bias values between satellite SSH and steric sea surface height based on the ARGO profiles were
calculated for every two-degree grid and every month, and the satellite SSH was corrected with the biases to use
as input data.

In the nearby-ARGO method, trials confirmed that it is crucial to collect ARGO float data with small SSH
differences from the satellite SSH. In this study, ARGO floats with a difference of 10 cm or less from the
corrected satellite SSH were collected as the nearby-ARGO. In one estimation method, temperature and salinity
were estimated by a weighted average defined by the time and distance difference from the estimation point on a
1/e scale of the Gaussian function. In the other method, a first-order approximation formula for temperature and
salinity at each depth of the nearby ARGO with respect to steric SSH was obtained as a GEM, and temperature
and salinity were estimated by applying the formula from the corrected satellite SSH. Regarding the GEM
method, trials confirmed that the estimation accuracy was higher when the EOF of the nearby-ARGO was
calculated and the temperature and salinity were reconstructed using the GEM for the coefficients of each mode,
rather than directly calculating the GEM for temperature and salinity, so this method was adopted.

A comparison of the estimation results with the hydrographic observations revealed that the estimates from the
nearby-ARGO were closer to the observations than those from the EOF method. There was no significant
difference between the weighted average and the GEM method. The EOF method also showed a tendency for
errors to increase as the SSH difference from the climatology increased. Since the first guess is based on the
WOAA18, the errors were particularly large for the satellite SSH with large deviations from the climatology. In the
nearby-ARGO method using GEM, it was confirmed that the accuracy of the satellite SSH directly correlates to
the estimation accuracy. As SWOT analysis can lead to satellite SSH observations with higher spatial resolution
and accuracy, the nearby-ARGO method using GEM is expected to improve accuracy in the future. On the other
hand, since it depends on the spatial arrangement of the ARGO floats, verification of its robustness to the
distribution of ARGO is necessary.
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Abstract:

Sea level variability and ocean circulation comprise a series of dynamic processes that operate on timescales
ranging from weeks to months. Within this range, mesoscale structures, such as eddies, play a crucial role in the
redistribution of physical and biogeochemical properties in the ocean. The objective of this study is to investigate
the steric contribution to Sea Level Anomalies (SLA) within cyclonic and anticyclonic eddies. To this end, a
synergy of satellite altimetry, ocean reanalysis, and high-resolution in situ data collected by elephant seals were
analyzed.

The mesoscale eddy trajectory atlas produced by AVISO was used for the selection of the anticyclonic and
cyclonic eddies that matched with the geo-localized vertical profiles of Temperature, Conductivity and Depth
(CTD) collected by 9 Elephant Seals between October and December in 2018 and 2019 in the Southwestern
Atlantic. This study also employs the ocean reanalysis model, Glorys12V1, distributed by Copernicus Marine
Service (CMEMS). We extracted the vertical profiles of in situ and model data inside the eddies to compare both
datasets. The result shows that the basic variables of the model, Temperature (T) and Salinity (S), are highly
correlated with the data collected by the Elephant Seals, obtaining statistically significant correlation coefficients
(r) greater than 0.9 and 0.7 for T and S respectively, both inside anticyclonic and cyclonic eddies. The great
correspondence between both datasets encouraged us to calculate Steric Height (SH) inside eddies. Results
show that the reanalysis accurately reproduces SH as estimated directly with the Elephant Seals data (r = 0.9,
5% significance level) and explains more than 50% of the SLA signal associated with eddies.

The steric contribution at sea level was then calculated using the data from the reanalysis for the period 1993—
2020. Eddy-normalized composites reveal the expected thermodynamic behavior: cyclonic eddies exhibit
negative SH anomalies associated with cold cores and anticyclonic eddies show the opposite pattern. In both
cases, the halosteric component of SH compensates the thermosteric amplitude. The spatial distribution of the
steric contribution to Sea Level Anomalies (SLA) within cyclonic and anticyclonic eddies shows the interaction
with the major currents in the region. Ongoing work seeks to disentangle the temperature and salinity
contributions to SH in the different regions of the SWA and explain the mechanisms through which they modulate
eddy-driven sea level variability.

Keywords: Steric height, mesoscale eddy, observing system synergies, Southwestern Atlantic
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Abstract:

Human life across the Arctic is closely associated with activities throughout the coastal zone, and as such,
maritime activities are an embedded part of life in Arctic communities. With limited roads, maritime activities play
a vital role in people’s livelihoods, providing sources of income, connectivity, and societal and cultural belonging.
Consequently, navigating and understanding the dynamics of the largely unmapped archipelagos and other
coastal waters across the Arctic region remains a key skill set for the local communities. This knowledge base
has been built over decades and passed down through generations within local communities. Therefore, much of
this knowledge is internal knowledge and, as such, undocumented and unavailable to a wider range of
stakeholders.

Tides play an important part in daily life in Greenland. Tidal ranges and currents are significant (Nuuk spring-tide
has a range of more than 6 meters), and in the complex fjords numerous tidal chokepoints exists which requires
detailed local knowledge to navigate. Icebergs are a bit hazard risk. They are calved in the bottom of the fjords
and tidal-currents and winds controls their path through the fjords out into the ocean.

Due to limited bathymetric knowledge, estimating ocean tides in coastal regions has challenged tide modelers for
decades. Even recent models like FES2022 have meter sized errors in the Greenland fjords. The recently
launched SWOT satellite (in 2022) provides the opportunity to estimate coastal tides at unprecedented spatial
scales, thanks to its innovative wide-swath measurement principle, particularly in complex coastal regions.

In this presentation, we will focus on the importance of enhancing our knowledge of tides in Greenland, together
with examples of tidal modeling from SWOT. Tidal information is fundamental when maritime hazards occur for
the subsequent search and rescue operations. Also, tides are fundamental when deriving near-coastal
bathymetry due to the large range.
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Abstract:

Global tidal models exhibit persistent inaccuracies, particularly in coastal and polar oceans, which limit their
effectiveness for critical applications such as geodetic surveying and navigational safety. To mitigate these
limitations, this study evaluates an alternative modeling framework that employs a high-resolution, fully tiled
discretization of the global ocean and leverages recent observational data.

The core hydrodynamics in this approach are based on the proven methodology of the TPXO series, solving the
Laplace equations for barotropic tides. In a departure from the creation of TPXO10-atlas, where a 1/6-degree
base global solution is combined with thirty 1/30-degree resolution local patches for all coastal areas, including
the Arctic and Antarctic, this framework discretizes the entire global ocean into 108 contiguous tiles, each with a
high 1/30-degree resolution. The tile configuration is optimized to retain appropriate coastal boundaries and
similar numbers of observations per tile. Tiled solutions are computed in parallel for 34 tidal constituents and
then merged into a global barotropic ocean tide solution. This presentation focuses on the evaluation of the initial
background hydrodynamic solution (prior to data assimilation), with a particular emphasis on coastal and
marginal seas. Comparisons are made against ground truth datasets from Stammer et al. (2014), TICON
(Piccioni et al. 2019), and various satellite altimetry missions to assess its accuracy.

Stammer, D., et al. (2014), Accuracy assessment of global barotropic ocean tide models, Rev. Geophys., 52,
243-282, doi:10.1002/2014RG000450.

Piccioni G., Dettmering D., Bosch W., Seitz F. “TICON: TIldal CONstants based on GESLA sea-level records from
globally located tide gauges.” Geoscience Data Journal, 97-104 (2019), 10.1002/gdj3.72
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Abstract:

Thanks to its current accuracy and maturity, altimetry is considered as a fully operational observing system
dedicated to various applications such as climate studies. Altimeter measurements are corrected from several
geophysical parameters in order to isolate the oceanic variability.

The Dynamic Atmospheric Correction (DAC) is of significant magnitude, just after the tidal correction one, and
long continuing efforts have been deployed for 30 years to reach the best accuracy. However, in shallow seas,
storm surges correction errors can now be of the same order or even higher than the ones of the tidal corrections
and motivated to impulse a renewed effort.

More specifically, we are investigating the improvement of the storm surges simulations for altimetry data
correction in coastal seas. The impact of the improvement of the coastal resolution of the global TUGO simulation
is analyzed through the use of the global high resolution FES2022 finite-element mesh, and the impact of
tides/storm surges interactions are also investigated, in terms of DAC performances.

Actually, the dynamic coupling between tides and storm surges is a possible cause for barotropic tides non-
stationarity and standalone storm surges inaccuracy. Therefore, we explore some strategies to account for this
coupling, either in a partial non-linear coupling mode (i.e. adding tidal velocity background in surge’s simulations
bottom friction) or in fully non-linear mode, using coupled tides/storm surges simulations. Both products are
assessed for de-aliasing corrections in terms of SLA/SSHA variance reduction.

Moreover, the question of the tidal residuals in the present DAC products is addressed. These residuals must be
removed consistently with the tidal correction itself, which is not an obvious issue, especially for the fully coupled
surge product. Finally, we aim to present some validation results of the updated DAC simulation and an
estimation and characterization of the present DAC'’s tidal residuals, in preparation of future OSTST
recommendations about the de-aliasing corrections.
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Abstract:

Interferometric missions such as SWOT, together with conventional nadir altimetry missions, provide
unprecedented observations of sea surface height variability relevant to climate studies. However, the accurate
exploitation of these measurements requires the correction of high-frequency signals associated with wind- and
gravity-driven processes, among which internal tides and internal solitary waves represent a significant source of
variability. Internal tides, also referred to as baroclinic tides, are internal gravity waves that oscillate at tidal
frequencies in the ocean interior and produce sea surface height signatures of a few centimeters. For the first
vertical mode, internal tides typically exhibit horizontal wavelengths ranging from about 50 to 250 km, while
higher modes are characterized by smaller spatial scales.

The empirical global atlases HRET22 (Zaron,2024), ZHAO30yr (Zhao, 2025), and MIOST-IT24 (Tchilibou et
al.,2025) are implemented as coherent internal tide corrections in the recently released SWOT V3 products. Our
results, based on 21-day SWOT nadirs observations from 2023 to 2025, show that the empirical atlases reduce
up to approximately 20% of the sea level anomaly (SLA) variance at horizontal scales between 50 and 200 km.
Overall, MIOST-IT24 outperforms HRET22, while ZHAO30yr shows the best performance in specific regions,
notably the eastern Pacific, the Atlantic Ocean, and north of Madagascar. A MIOST inversion was applied to
SWOT nadir and KaRlIn data over the 2023—2025 period to generate a new global SWOT-IT atlas. The
performance of SWOT-IT, MIOST-1T24, HRET22, and ZHAOSO0yr is subsequently assessed using independent
nadir observations. Relative to the empirical atlases, SWOT-IT provides enhanced variance reduction at smaller
scales, likely due to its higher resolution, which enables a more accurate representation of mode-2 and mode-3
internal tides. However, the impact of these corrections remains limited at spatial scales below 50 km.
Furthermore, the persistence of internal tide signals across different spatial scales highlights the need for the
oceanographic community to further develop strategies that can effectively correct both small-scale and nonlinear
internal wave signals, including solitons, as well as the incoherent internal tide in altimetric observations.
Alternatively Yadidya et al. (2024, 2025) propose a solution based on the HYCOM assimilation model, which
aims to correct both the coherent and incoherent components of the internal tide; some comparisons will be
presented too.
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Abstract:

Tide gauges have been critical sources for sea level research, enabling the development of tidal theory and an
understanding of local variations that occur across the global oceans. In this presentation, we analyze coastal
characteristics of ocean tides based on 3,591 high-frequency tide gauge observations from the recently updated
GESLA-4 database. In this presentation, we use these tide gauges to inform global tide modelling efforts by
evaluating the importance of tidal constituents and whether they should be included in ocean tidal corrections.
Additionally, we compare four state-of-the-art tide models (GOT5.5, DTU23, EOT26, and FES2022) using these
tide gauge observations to evaluate their performance. Finally, we provide novel insights into global tidal
characteristics, particularly the duration of high-water stands during spring tides, allowing us to better understand
the impact tides can have on coastal flooding.

The results presented are extracted from a larger study by Hart-Davis et al. (2026), which provides a wide variety

of tidal characteristics for a broad audience, from the altimetry community to local fishermen.

Hart-Davis, M. G., Sulzbach, R. L., Talke, S. A., Haigh, I. D., Marcos, M., Woodworth, P., Ray, R., Andersen, O.
B., Lyard, F., Fouchet, E., Dettmering, D., Thomas, M., and Seitz, F.: Tide of the Time: Global tidal characteristics
observed from in-situ measurements, EGUsphere [preprint], https://doi.org/10.5194/egusphere-2026-346, 2026.
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Abstract:

Coastal tidal dynamics play a crucial role in a variety of biogeophysical processes, ranging from compound
flooding to sediment transport. While the observation of tides from space has revolutionized our understanding of
the spatial variability of ocean tides, the coastal regions have remained challenging for satellite altimetry-based
observations due to land contamination of radar returns of the sea surface. Furthermore, the sparsity of in-situ
tide gauge observations does not shed light on the small-scale dynamics that make coastal tides challenging. In
recent years, important efforts have been made to produce shoreline measurements from optical satellite
imagery. The success of these efforts has led to the availability of datasets, raising the question of whether we
can use them to resolve tidal dynamics at finer spatial scales along the coast. In this presentation, we present
findings on using shoreline measurements to provide fine-scale insights into tidal characteristics. We validate our
methods against in situ observations from TICON-4. Following this, we focus on using these data to validate
state-of-the-art tide models (GOT5.5, FES2022, and EOT25). Additionally, following the success of wide-swath
observations, we present a regional comparison between SWOT and the shoreline-based estimations.

Hart-Davis M.G., Monahan T., Vos K., Andersen O. Beach-scale tidal variations observed from satellite-derived
shoreline time series. In Review. Available: https://doi.org/10.21203/rs.3.rs-8967674/v1
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Abstract:

The Moon recedes from Earth at a rate of $\sim$ 3.830 $\pm$ 0.008 cm per year as a result of tidal friction. On
decadal time scales, upper ocean warming has increased the contrast in density between the upper ocean and
the deep ocean. Recent ocean modeling that incorporates these secular changes in stratification reproduces
geographic patterns of tidal change that closely resemble tidal changes observed by satellite altimetry (Opel et
al., 2024; Ray and Schindelegger, 2025). The agreement indicates that evolving ocean stratification modifies tidal
dynamics and, by extension, the oceanic tidal dissipation that governs the rate of lunar recession. Here we show
that model fits to lunar laser ranging (LLR) data show a $-0.064\pm0.045 \%$ relative trend in the planetary tidal
dissipation of $irm M_2$, the principal lunar semidiurnal tide, over 32 years. This trend can also be interpreted as
an indirect effect of terrestrial climate variability on the lunar orbit. Ocean models corroborate the long-term trend
in both order of magnitude and sign. The ocean model simulations described above yield a $-0.194\% \pm 0.075
\%$ relative trend in $\rm M_2$ tidal working rate over 28 years. However, ocean models also display large
month-to-month and year-to-year variability, about ten times larger than the trend. Therefore, long-term trends
may be riding on top of larger short-term variability, which has yet to be corroborated by observations from
satellite altimetry or lunar laser ranging. A further complication to this rich story is that diurnal tidal dissipation also
appears to display decadal trends and short-term variability.
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Abstract:

Tides have been intensively observed by coastal tide gauges and satellite altimeters. Therefore, we have enough
knowledge of tidal variations both along coastlines and in open oceans. Meanwhile, in coastal areas, especially
at locations away from the coastlines, data coverage and quality become less significant because satellite
altimetry data and tide gauge records are not fully available. Therefore, additional tidal observation systems are
required to improve local tidal models, whose demand has recently increased because of SWOT data.

In the present study, we have deployed GNSS systems on a ferryboat that crosses the Kuroshio every day. The
height of the antenna is precisely determined by the Precise Point Positioning (PPP) method, and the vertical
distance between the sea surface and the antenna is estimated by GNSS reflectometry; those two will provide
along-track sea surface height (SSH). Tidal components at a point along the track can be estimated using the
harmonic analysis of the three-year daily SSH variations. The estimated tides can provide better detided SSH
profiles that are oceanographically more consistent than ones with the FES tide model. However, the accuracy of
the estimated tides depends on the duration of the GNSS data and also on the temporal variability of geostrophic
currents, such as the Kuroshio meanders. Additionally, the S_2 constituent is found to be imprecisely determined
due to the fixed timetables of the ferryboat.
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Abstract:

Arctic tidal dynamics are among the least well-resolved components of global tides, owing to observational gaps,
sea-ice interference, and complex coastal geometry. The constellation of nadir altimeters are limited by orbital
constraints, hindering recovery of the full tidal spectrum at high latitudes. Large bathymetric uncertainties also
exist in these regions which present challenges for hydrodynamic modeling. Here, we investigate the capability of
the Surface Water and Ocean Topography (SWOT) mission wide-swath observations to resolve tidal dynamics in
the Arctic using a case study in the Foxe Basin, a shallow, ice-affected region with large and spatially complex
tides. The Foxe basin is especially interesting as poor resolution of tides may be contributing to anomalous sea-
level anomaly trends.

Using 2.5 years of SWOT L2 2km data, we derive residual tidal estimates using three approaches: classical
harmonic analysis, the response method, and a spatially coherent response method. All methods show that
SWOT captures significant fine-scale variability in tidal amplitudes and phases, with estimated residuals from
numerical models exceeding 2 meters in some regions for the largest tidal constituent M2. The greatest
discrepancies arise in complex coastal regions and islands, with narrow channels that dampen the propagation of
the tidal signal. Here, the small channel width sits beneath the observational capacity of conventional nadir
altimeters used to derive global tide models. While large residuals are identified with the SWOT derived tides, the
relative dearth of SWOT data makes characterising the full tidal spectrum challenging. We thus compare the
three different tidal analysis approaches on exploiting these data, with initial results showing that spatial
coherence can avoid some aliasing issues. However, some challenges remain which we discuss. These findings
demonstrate that SWOT provides a step-change in the estimation and removal of high-frequency tidal signals in
polar altimetry, with important implications for sea-level anomaly retrieval, model validation, and improved
understanding of Arctic tidal dynamics.
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Abstract:

Large changes in amplitude of the M2 tide, of order 1 or 2 mm/y, are observed in the Yellow and East China
Seas (YECS) by using the 33-year time series of Topex/Poseidon, Jason-1,2,3, and Sentinel-6 data. The
amplitude trends are an order of magnitude larger than the small changes occurring in the deep open ocean
(reported by Opel et al., Comm. Earth Env., 2024; Ray & Schindelegger, J Geod., 2025) and also larger than tidal
changes seen in any other comparably sized marginal sea. But "large" in terms of a changing tide is still a small
signal, difficult to map except with a consistent observational system maintained over a multi-decade period,
using the same kind of measurements over exactly the same locations. Trend estimates are somewhat sensitive
to details of the altimeter data processing, including how non-tidal variability is removed (DUACS-21 vs 2-satellite
DUACS21 vs DUACS24) and how air-tide leakage has affected DAC modeling. Attempts to use the ERS-
Envisat-SARAL 35-day data to observe these signals have so far been unsuccessful, giving only a noisy hint at
the tidal changes. This has implications for proposed future changes in the altimeter constellation.

Numerical experiments indicate that the causes of the M2 changes in the YECS are due to combined effects of
coastal land reclamation and climate change, the latter from both increasing ocean stratification and sea level
rise. Surprisingly, land reclamation, mostly along the coasts of China and (less so) Korea, is the most important
driver. It is seen to modify the tide throughout the entire YECS region.
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Abstract:

Both the 18.6-year lunar nodal cycle (LNC) and long-term quasi-linear trends in oceanic internal tides are
detected using thirty years of satellite altimeter data from 1993 to 2022. The data are divided into 28 overlapping
equal-sized subsets, from which 28 sets of global internal tide fields are constructed for mode-1 K1, O1, and M2
constituents. Time series of global mean amplitudes and phases demonstrate that the satellite detected LNC is
consistent with the equilibrium theory and the detected quasi-linear trends are evidently the anticipated
consequence of the increasingly stratified ocean caused by global warming. Specifically, in the equilibrium
theory, the K1, O1, and M2 amplitudes are modulated by +11.4%, +18.5%, and +3.7%, respectively, and their
phases are shifted by +8.9°, +10.8°, and +2.1°, respectively. Due to global ocean warming over the thirty years,
their amplitudes increased by 0.27+0.09 (K1), 0.26+0.09 (O1), and 0.62+0.07 (M2) mm, respectively, and their
phases shifted by 15.4+1.8° (K1), 11.4+2.3° (O1), and 16.4+0.6° (M2), respectively. This finding underscores the
necessity of distinguishing long-term trends and the LNC, because the former is driven by ocean changes and
the latter by the Moon's orbital motion.

There has been a long-standing question of whether, and by what mechanism, the 18.6-year LNC affects the
global climate. In previous studies, a “tidal mixing” mechanism suggests that sea surface temperature (SST)
anomalies are induced by intensified ocean mixing associated with strong diurnal tides in some hotspot regions
(e.g., off the coast of British Columbia, the Kuril Straits, and the Aleutian Passes). Here we reveal that the global
distribution of internal tidal energy is significantly modulated by the LNC, because (1) K1 and O1 are 180° out of
phase with M2 in the cycle, and (2) the diurnal and semidiurnal constituents have different spatial patterns. We
suggest an “internal tide” mechanism, that is, the nodal modulation of internal tides affects internal tide-driven
ocean mixing and thus large-scale ocean circulations. It is likely that both the “tidal mixing” and “internal tide”
mechanisms are at play.
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Abstract:

Satellite altimetry has become a key tool for improving our understanding of ocean dynamics, particularly tides,
which play a fundamental role in coastal processes, ocean circulation, and climate studies. With the advent of
new-generation missions such as SWOT (Surface Water and Ocean Topography), unprecedented high-
resolution observations are now available, opening new perspectives for tidal analysis, especially in complex
coastal and polar environments.

Within the framework of ongoing developments towards the future global barotropic tide model FES, significant
efforts are dedicated to improving the underlying hydrodynamic modelling in challenging regions, including the
Antarctic, Arctic, as well as Tierra del Fuego and other complex areas. In the Antarctic, a new configuration
combining refined mesh and improved bathymetry, building on developments from the ALBATROSS project, was
implemented and integrated into the global model. This led to significant performance improvements, particularly
when validated against DTU2023 Ocean tide data.

In the Arctic, efforts focused on mesh refinement along the Norwegian coast, where numerous fjords require high
spatial resolution. A new mesh (up to 500 m resolution) allows most fjords to be resolved. Analysis of SWOT
Level-3 altimetry data demonstrates tidal amplitudes exceeding 0.2—-0.3 m within fjords, confirming that tides
propagate far inland.

In parallel, SWOT observations are also used to better isolate the barotropic tidal signal through dedicated
filtering and data assimilation approaches, aiming to improve tidal representation in complex environments such
as fjords and narrow straits.

These results highlight the importance of combining high-resolution modelling, improved bathymetry, and SWOT-
based observations to advance global tidal modelling in polar and subpolar regions.
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Abstract:

Accurate representation of the Mean Dynamic Topography (MDT) is crucial for the optimal assimilation of Sea
Level Anomaly (SLA) data into operational ocean analysis and forecasting systems. This study evaluates the
impact of an updated global MDT that specifically integrates high-resolution observations from the SWOT
(Surface Water and Ocean Topography) mission. Assimilatting this new MDT within a global resolution eddy-
resolving model allows for a more consistent alignment between the model's mean state and satellite
observations.

Furthermore, we investigate the synergy between this updated MDT and the integration of new-generation
altimetric products, characterized by enhanced spatial resolution (5Hz) and optimized along-track filtering
techniques. These improvements aim to preserve small-scale signals while reducing instrumental noise.

Our results demonstrate that the combination of a SWOT-consistent MDT and refined along-track processing
significantly improves the representation of mesoscale dynamics. We highlight a measurable impact on ocean
forecasting skills, particularly in terms of reduced forecast error variances and better recovery of sub-mesoscale
features. This work underscores the necessity of evolving static auxiliary fields, such as the MDT, to fully exploit
the potential of wide-swath and high-resolution nadir Sea Level Anomaly observations.
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Abstract:

Shipboard sounding surveys cover only 26% of the ocean floor leaving 74% uncharted. In regions where echo-
sounding data is not available, ocean bathymetry can be inferred from gravity using satellites. While satellite
coverage is mostly global, attenuation of the signal with depth, gaps between satellite tracks, and noise alter the
accuracy and resolution of bathymetry measurements derived from satellites. Deep Argo floats are autonomous
robotic platforms profiling temperature, salinity and pressure from the surface to 6000 m maximum depth every
10 days. Deep Argo floats are not equipped with an echo sounder, but their pressure sensors provide reliable
estimates of the ocean depth. About 66% of the Deep Argo profiles accumulated over the past decade have
programmed maximum depth extending to the seafloor, enabling thousands of valuable bathymetric
measurements to be derived. Our analysis shows great agreement between Deep Argo derived bathymetry
estimates and multibeam echo sounding data over several regions of the Atlantic, Pacific, Indian and Southern
oceans. These results demonstrate the capacity of Deep Argo floats to measure bathymetry with a high degree of
accuracy. With Deep Argo profiles being transmitted at the end of each 10-day cycle via Iridium satellite
communication systems, and then analyzed to determine detection of the seafloor, Deep Argo is rapidly
improving our understanding of the bathymetry of the ocean floor in the deepest and most remote regions of the
world ocean.
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Abstract:

A new global geodetic mean dynamic topography model DTU26MDT is derived using the new SWOT based
DTU25MSS mean sea surface. The DTU25MSS model has been derived using nadir and interferometric data
including two years of SWOT altimetry. The resolution is 1 km (1/100 degree). The MSS is referenced to the
1993-2012 period (center time 2003.01.0) in agreement with older MSS and MDT models.

The geoid model was XGM2019e complete to d/o 2160 which was transformed into the mean-tide system to
include the indirect effect of the permanent tide.

The processing scheme used for deriving the new geodetic MDT is similar to the one used for the previous
geodetic DTU MDT models. However, the filtering was re-evaluated by adjusting the quasi-gaussian filter width to
optimize the fit to drifter velocities. Also, optimal filtering was introduced to enhance MDT in the coastal areas.
Furthermore, the filtering was re-evaluated at the western boundary currents to enhance the estimation of the
geostrophic surface currents in those areas.
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Abstract:

The combination model is obtained by integrating a so-called geodetic model (derived from a mean sea surface
and a gravimetric geoid model) with oceanographic observations such as drifter velocities. When deriving
previous combination models such as DTUUH22MDT it was found that the differences between the combination
model and the geodetic model are within 10 cm. Hence, the effects of integrating the drifter velocities on the MDT
are of that order of magnitude. Also, the scales appear to be shorter than a few hundreds of kilometres agreeing
well with the resolution of the geodetic model. A comparison with other combination models showed larger
differences and at longer scales. The differences may be caused by differences in the choice of reference
models, processing of drifter data, methodologies for integrating the data, etc. To assess the differences,
experiments of integrating the drifter velocities with the geodetic model are carried out with different weighting
schemes to assess how much the combination solution is constrained to the geodetic model and how regional
biases in the drifter velocities are affecting the solution. Subsequently, the drifter velocities are integrated to
enhance the resolution of the geodetic SWOT based MDT model DTU26MDT. The constraints are slightly looser
to enhance the details further.
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Abstract:

Directional wave observations from satellites play a key role in improving ocean wave propagation, which is
strongly influenced by initial wind conditions during severe storms. The availability of new directional data from
SWOT (Level-3), derived from high resolution swath SAR images, has proven valuable for accurately capturing
waves with wavelengths exceeding 500 m (Ardhuin et al., 2025). Furthermore, the ongoing Copernicus program
has enhanced the constellation of missions providing directional spectra with the recent addition of Sentinel-1D.
The objective of this study is to assess the joint assimilation of directional spectra from CFOSAT, Sentinel-1, and
SWOT-LS3, and to evaluate its impact on wave forecasting. We used the operational MFWAM model with a global
20 km configuration and wind and ice fraction forcing from IFS-ECMWF. The SWOT-L3 directional spectra were
recently updated using an improved version of the level 3 processing.

Several assimilation experiments, with and without directional spectra, were conducted over several data cycles
in late 2023, early 2024, and more recently in 2026. It is worth noting that the SWIM Level 2 directional wave
spectra from CFOSAT have been now extended to a wavelength of 1100 m following the update to the new L2
processing version.

Preliminary results show a significant impact on the propagation of long swells generated by storms in the
Southern Ocean. Validation against independent significant wave height data indicates improved wave height
estimates after assimilating spectra from CFOSAT, SWOT-L3, and Sentinel-1. We also assessed the impact of
the assimilation of directional wave spectra by using drifting buoy data, as a function of the dominant wave
period. We investigated the quality of the wave spectra of SWOT-L3 in terms of energy and frequency scales in
comparison with CFOSAT and Sentinel-1. Further analyses and discussions will be presented in the final
presentation.
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Abstract:

Swell propagation over the global ocean (so called firework) using Sentinel-1 wave mode is now an operational
CMEMS product and can be used to plan the arrival time of swell events on world shorelines. However, since
Sentinel-1 is not always operated in Wave mode over the north atlantic, very limited monitoring of swells on North
European Shorelines is possible using these observations alone. Complementarily CFOSAT SWIM wave spectra
are available worldwide bringing a real potential for swell monitoring at global scale, and in particular in the North
Atlantic. SWIM L2S products enable tracking of fore-runner or long swells with wavelengths up to 800m. Recently
SWOT has even extended the range of fore-runner wavelength observations up to 1500m. Even Sentinel-1 IW
mode can now be processed into wave spectra to complement such a global monitoring system. Integrating
these different observation sources with quite distinct acquisition plans requires both intercalibration and
sampling normalisation. Demonstrating the increment of adding successively these satellite missions, we will
finally highlight their relative contribution to the precise analysis and short term forecasting of swell arrival on
locations far away from the storm source and compare with buoy observations. An emerging service ETAMAC for
the french EEZ will be highlighted.
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Abstract:

One of the main challenges of the Copernicus Marine Service (CMS) is implementing coupled ocean-wave
systems that accurately estimate the momentum and energy fluxes transferred from the atmosphere to the
ocean. To this end, the next version of the CMS 1/12° global ocean analysis and prediction system (GLO12) will
be forced by wave-related physical quantities obtained from the CMS global wave prediction system (MFWAM
1/10°).

The current version of GLO12 accounts for waves only through 10 m wind proxy parametrizations in wave-driven
surface stress and mixing schemes. The upcoming update will replace these parametrizations with wave data
products from the MFWAM system. This approach introduces more realistic wave information and, moreover,
incorporates swell-related aspects and supplementary coupling processes driven by Stokes currents, such as the
Stokes-Coriolis term and additional transport/mixing induced by these currents.

A twin simulation of GLO12 forced by MFWAM wave data was run over 2024 and compared to its counterpart
that still uses the 10 m wind parametrizations. Our presentation will showcase the results on both forecasts (up to
7 days lead time) and analyses, with a focus on regions where significant differences are observed, such as the
equatorial Pacific, Eastern Boundary Currents, and the Indonesian Throughflow. GLO12 is also used to force the
Global Ocean Biogeochemistry Analysis and Forecasting system, and the impact of a wave-forced GLO12 on
biogeochemical fields will be documented and discussed.
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Abstract:
The Copernicus Sentinel-3 (S3) mission is operated by EUMETSAT, that is also responsible for providing
altimetry products in the global ocean domain. This includes open ocean, coastal zone and polar ocean.

EUMETSAT has studied, developed, and put into operations (Q1/2026) a major update for the S3 mission, the
“G62” baseline.

This presentation focuses on technical evolutions performed in the marine altimetry processing chain to improve
the SAR wave data. Several key updates were performed to the SAR Significant Wave Height (SWH), including

the implementation of the vertical wave motion correction, introduction of a spectral window at level-1 processing
and update of the retracker to SAMOSA+ at level-2.

We introduce and validate the updated SWH, against other flyting instruments, such as altimetry reference
missions (Jason-3 and Sentinel-6), and CFOSAT’s SWIM instrument data (nadir only). Comparisons against in-
situ buoys will also be presented.

As part of this processing baseline, a series of new altimeter derived wave parameters have been introduced,
such as mean wave period; wave skewness; wave steepness; wave pseudo age and wave sigmaV. These will be
assessed in comparison against MFWAM model.

The analysis will take a long-term perspective, utilizing the fully reprocessed Sentinel-3 global ocean products,
from start of the mission to the present.
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Abstract:

A new version 3 of the SWOT KaRIn Level-3 Wind-Wave (L3_LR_WIND_WAVE:
https://doi.org/10.24400/527896/a01-2024.016 & https://doi.org/10.24400/527896/a01-2024.017) product will be
released in AVISO during summer 2026. This new version includes significant improvements, which are
presented in this talk.

The L3_LR_WIND_WAVE product is an innovative dataset providing wave spectra and associated wave
parameters derived from 250-meter resolution KaRIn sea surface height measurements from the unsmoothed
L3_LR_SSH product (https://doi.org/10.24400/527896/a01-2024.003). This product is built upon the methodology
developed by Ardhuin et al. (2024).

The wave spectra included in the product resolve wavelengths longer than approximately 500 meters, with
centimeter-level precision (Ardhuin et al., 2024) offering a unique opportunity to observe long-wavelength swells
also called weather-driven long waves with such accuracy. These swells play a key role in ocean dynamics, as
they are often associated with extreme storms and can significantly impact coastal regions.

A major improvement in this new version concerns wave spectrum processing. Unlike the previous version, which
relied on a model-based prior to identify an unique wave system, a partitioning algorithm based on a watershed
technique has been developed and adapted to KaRlIn spectra. It enables the detection of multiple wave systems
in the same spectrum with wavelengths greater than 500 meters. The directional ambiguity is resolved by
exploiting the phase difference between KaRIn-derived wave heights and backscatter (sigma0) (Ardhuin et al.,
2024). Wave parameters such as significant wave height (H18), wavelength (L18) and direction (phi18) are then
computed separately for each partition.

In addition, this new version 3 includes 2-km resolution 2D significant wave height (SWH) derived from KaRIn
volumetric correlation in the Level-2 processing chain (Bohé et al., 2025b). The SWH is provided after correction
for beta angle systematic effects, in addition to the existing static calibration already provided in L2 products.

This presentation also highlights improvements in the processing chain with particular attention to the two quality
flags included in the new version of the products. While the updated spectrum quality flag is reserved for both
spectral estimation performance and input SSH data quality, a new partition quality flag assesses the quality of
each individual partition within the same spectrum, allowing partition level quality evaluation.

Finally, we present preliminary examples highlighting the benefit of direct co-location between wave spectra and
SWH from KaRln, along with an initial validation of this updated product. Early comparisons with independent
data show generally good agreement under favorable, low-noise conditions, although further work is needed to
fully assess accuracy and guide future improvements.
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Abstract:

Ocean swell propagation across entire ocean basins represents one of the most energetic and far-reaching
phenomena in physical oceanography. However, the ability of operational satellite-derived products to accurately
capture such events, particularly under extreme forcing conditions, remains insufficiently assessed. Storm Eddie,
an exceptional extra-tropical cyclone that reached peak intensity in the North Pacific Ocean on 21 December
2024 and generated a record significant wave height of approximately 20 m, provides a unique opportunity to
address this gap. In this study, we evaluate the Copernicus Marine Service (CMEMS) near-real-time Level-4
spectral wave product (WAVE_GLO_PHY_SPC-FWK_L4_NRT_014_004), which merges directional spectral
observations from Sentinel-1A and CFOSAT/SWIM onto a regular 1degx1deg grid and provides swell partition
parameters for up to five co-existing swell systems.

While recent high-resolution observations from the Surface Water and Ocean Topography (SWOT) altimeter
have documented the wave field structure of Storm Eddie at 250 m resolution (Ardhuin et al., 2025), it remains
unknown whether the operational gridded L4 product, available to forecasting centers and downstream users
through CMEMS, accurately captures the full lifecycle of this extreme swell event across 24000 km of ocean.
Swell partition significant wave height (Hs), peak period (Tp) and peak direction (Dp) are extracted across all five
partitions, retaining only grid cells with at least one contributing satellite observation. The spatial and temporal
evolution of the swell field is tracked from the storm source through the Drake Passage to the tropical Atlantic
between 27 December 2024 and 6 January 2025. Qualitative validation is performed against National Data Buoy
Center (NDBC) buoy 51000 (23 deg N, 154 deg W, North of Hawaii), whose spectral records confirm the arrival
of long-period swell (Tp ~19-21 s) consistent with the L4 product estimates during 26—28 December 2024.

The CMEMS L4 product successfully reconstructs the Storm Eddie swell field from 27 December 2024, six days
after storm peak, with partition Hs reaching 6.13 m and peak periods of 22.4 s near the source, decaying to 1.39
m and 17.6 s upon reaching the tropical Atlantic on 6 January 2025.

In addition, we will evaluate overlaps (where possible) with high-resolution measurements from SWOT and
directional wave information derived from Sentinel-1 wave mode products, to provide qualitative intercomparison
of swell structure and propagation characteristics across observing systems.

These results will demonstrate both the capability and current limitations of the CMEMS operational L4 product
under extreme swell conditions, with direct implications for operational oceanography, coastal hazard
assessment, and future multi-mission design targeting ocean wave dynamics.
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Abstract:

The global climate data record (CDR) for sea state produced by the ESA Sea State Climate Change Initiative
(CClI) consortium is the result of rigorous and long running efforts to homogenize, intercalibrate and quality
control sea state records from global satellite altimeters, and other sensors. However, intercalibration and
validation of this multi-mission CDR requires comparison with other long running reference datasets, and it is
widely recognised that, even where available, these are affected by uncertainties, including temporal instability,
that remains problematic.

For example, in spite of their importance, the use of observations from moored operational buoys presents a
number of challenges that are often overlooked. Buoy platforms vary considerably in configuration, operational
management, reliability and so on, and as such should be considered as a set of largely independent monitoring
stations. While over more recent years there has been increased scrutiny of their records, important questions
still remain over their uncertainties. Furthermore, observations from both satellite and buoys during the earliest
part of the global CDR, dating from the ERS-1 and 2 and Topex/Poseidon missions launched in the 1990s, are
typically more questionable and sparser in space and time. Consequently, the uncertainties are believed to be
substantially larger in that era, which has the knock-on effect of, for example, affecting confidence, and the
stability of, long-term trends in sea state variables.

Owing to our reliance on historic buoy data in this context, in this work we examine in detail the stability of long
term in situ records from around North America and the United Kingdom. Firstly, we assess confidence in sea
state trends by exploiting the most recent quality controlled in situ records for specific long-running platforms.
Stability is examined in the context of historic information about buoy locational drift and configuration change,
such as hull type and sensor payload. Secondly, we use a range of sea state datasets—primarily, altimetry
observations from the recent Sea State CCl CDRs—in different ways. Consistent along-track observations from
altimeters can be used to identify variation and instability in buoy data at specific locations, thus reducing
uncertainty in subsequent analyses. Attribution of discrepancy is more difficult, but is of potential interest to buoy
operating agencies.

Local sea state gradients are also identified from repeated along-track altimetry measurements which provides
further information and constraints on collocation criteria during validation. This is particularly important closer to
the coast, where additional in situ measurements can be more abundant. We highlight these issues in some
coastal locations.

From these analyses, we identify possible limitations on the confidence in the early in situ records, and recent
sea state CDRs, compared with observations over more recent years that show closer agreement and greater
robustness. We examine areas where in situ data is available, and speculate more generally about the
consequences for our knowledge of long term sea state variability and change over the entire globe.
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Abstract:

Two-dimensional sea state spectra observed from satellites have great potential for improving sea state
predictions obtained with numerical wave models in combination with data assimilation techniques. Traditional
methods include assimilating integrated wave parameters with focus on the significant wave height into the wave
models with a large number of measurements for these parameters being available, e.g. from sea state buoys or
satellite altimeters. However, in various applications such as offshore wind energy industry or coastal protection,
there is a growing need for detailed 2D spectral information and respective predictions on operational timescales.
In addition, the traditional assimilation methods estimate the internal wave model spectra based on the measured
integrated parameters, which is not fully consistent with reality. This approach can also impact other wave
parameters negatively. With recent satellite developments, which measure the 2D wave spectra such as
Chinese-French Oceanic SATellite (CFOSat), it is aimed to utilize these data in wave predictions and meet the
growing needs to further improve the wave model performance.

In this work, we implement a spectral assimilation scheme into the wave model WAM, which can only assimilate
integrated parameters so far. This new scheme, which has been developed and used in the Meteo-France WAM
branch (MFWAM) on a global scale, is implemented into a regional model setup with a focus on the European
Northwest Shelf to assimilate CFOSat data with optimal interpolation. This work also aims at distributing this new
code to marine forecasting centers (MFCs), and is carried out in the frame of the Copernicus Marine Service
Evolution R&D Project ‘DAWN (Data Assimilation of Wave Spectra Observations and its Impact on Sea State
Predictions)’.

To assess the impact of assimilating 2D spectra on sea state forecasts, we run the model between October 2024
and March 2026, and wave spectra are assimilated with a 12h assimilation window. Then, we compare the
forecast results with buoy data in terms of integrated parameters and spectral data. Additionally, statistical
analyses are carried out to quantify the beneficial impact of assimilation on the wave model performance with a
focus on spectral parameters like peak frequency or peak wave direction. Tests will be performed using different
model error correlation length in the optimal interpolation method.
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Abstract:

The Center for Topography of the Oceans and Hydrosphere (CTOH) is a French National Observation Service
created in 1989 and dedicated to satellite altimetry studies. It focuses on the development and promotion of new
processing approaches of the altimetry data for emerging research domains (coastal ocean, oceanic sub-
mesoscale phenomena, continental surface water, sea ice, polar caps). The CTOH collaborates closely with
space agencies—primarily CNES and ESA—across all stages of satellite altimetry missions. This includes
preparing new missions, defining user needs, conducting CAL/VAL studies, analyzing signals and reprocessing
data, developing and distributing thematic products and tools, and engaging in teaching and outreach.

In terms of data distribution, the CTOH maintains a global GDR (Geophysical Data Records) database that
currently includes 13 altimetry missions and 35 years of continuous measurements in low and high resolution.
That represents a total of more than 160 years of cumulative data. All products are distributed in NetCDF format.

Based on this database, the CTOH develops tools and products dedicated to specific applications and
communities, such as coastal (e.g., the X-TRACK coastal products), sea ice and hydrology. All products are
freely distributed through various data portals depending on the topic: AVISO+ for the ocean
(https://www.aviso.altimetry.fr) and SEDOO (https://www.sedoo.fr/) or Hydroweb-Next (https://www.theia-
land.fr/blog/product/hydroweb-next/) for the continental surfaces. Some products developed in the context of ESA
projects are directly distributed by ESA.

Here we present the most recent developments carried out by the CTOH team across various thematic areas.
Some of them will be discussed in more details in dedicated OSTST splinter sessions (oral presentations or
posters). The CTOH also conducts dedicated studies to better understand the physics of measurement and
improve the quality and quantity of geophysical data derived from altimetry missions (quantification of
uncertainties, continuity of LRM and SAR measurements, study on the coupling of tides and DAC geophysical
signals in coastal areas, ...). We also, focus on the CTOH teaching activities, in particular in terms of training
courses for students, engineers and researchers.

For the hydrology community, this poster highlights the latest AITiS-NG software (2025), designed to build time

series of altimetry products for continental surface water applications. It also introduces the latest developments
of the SpecR retracker, optimized to process inland water waveforms and enhance river water level monitoring

(SpecR poster). These studies support the Hydroweb Next database for monitoring river and lake levels.

For open-ocean applications, an updated multi-satellite Southern Ocean fronts product is presented, providing
information on the position of the three main fronts of the Antarctic Circumpolar Current for the period 1993-2025.

For the sea-ice community, the CTOH also contributes to the development of sea-ice products distributed by
AVISO+, including Arctic Sea Ice Thickness and Snow Depth monthly maps over sea ice.

Finally, the CTOH recently integrated the new AdaC (Adaptive Campaign) service that provides scientific support
for oceanographic campaigns based on a near-real time automated analysis of multi-sensor satellite-derived data
(sea surface height and velocities, temperature, Chl-a). The Eulerian and Lagrangian satellite-based analysis
provide daily insights on the physical and biogeochemical dynamics of the studied area allowing for setting up
potential adaptive sampling strategies (AdaC dedicated poster).
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Abstract:

In the framework of the European Heritage Missions Programme, which aims to generate innovative Earth
System Data Records — namely Fundamental Data Records (Level-1 altimeter and radiometer data) and
Thematic Data Records (Level-2+ geophysical products) — the European Space Agency (ESA) initiated a full
reprocessing of the ERS-1, ERS-2, and ENVISAT altimeter and radiometer datasets. A large consortium of
thematic experts was established to carry out these activities within the FDR4ALT (Fundamental Data Record for
Altimetry Follow-on) project. The project has successfully achieved its main objectives: 1) definition of
harmonized thematic products with quantified uncertainties, 2) specification of optimal Level-1 and Level-2
processing chains, 3) full reprocessing of the complete time series according to these standards, and 4)
validation and dissemination of the resulting products to diverse scientific communities addressing ocean,
atmosphere, coastal, hydrology, and cryosphere applications. All FDR4ALT products are freely available through
ESA’s Earth Observation dissemination service. Building on the success of FDR4ALT, ESA has launched a
three-year follow-on activity to deliver an updated version of the datasets, incorporating the most recent
recommendations and state-of-the-art algorithms. This new release will ensure the continued exploitation of an
over 21-year-long, homogeneous time series that remains fundamental for climate and Earth system studies. Key
technical evolutions under development include:

. An innovative relocation technique for land-ice surfaces based on the AMPLI algorithm (Aublanc, 2024),

optimized for LRM;

. A revised hydrological targets database and dedicated inland-water products for rivers and lakes;

. Investigation of a new correction for wave-group effects (Sea-State Effect, SSE) and its application to 20
Hz ocean and coastal data;

. Updated ERS-1 and ERS-2 orbit solutions;

. Improved wet-tropospheric corrections (GPD+ and 1DVAR), particularly enhancing coastal performance;
. Updated geophysical corrections consistent with GDR-G standards;

. A new two-dimensional Sea State Bias (SSB) model for ocean and coastal domains;

. Analysis of ERS-2 data continuity beyond the tape-recorder failure;

. Comprehensive uncertainty assessments and development of refined estimation methods.

The first part of the presentation will summarize the context and main outcomes of the FDR4ALT project. The
second part will focus on the follow-on phase, introducing the new consortium, detailing the planned evolutions
for the second-generation products, and presenting the first preliminary results obtained within the current
contract.
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Abstract:

Nowadays, a wide variety of observations from different satellite sensors, in situ measurements, and ocean
models provide estimates of ocean geophysical variables across a wide range of spatial and temporal scales.
The recent advent of new-generation missions such as the Surface Water and Ocean Topography (SWOT)
mission and CFOSAT offers unprecedented opportunities to observe ocean dynamics, particularly at fine scales.
SWOT is the first swath altimeter mission, providing two-dimensional observations of sea surface height (SSH),
together with additional information on winds and waves. In parallel, CFOSAT provides access to directional
wave spectra, offering a complementary view of ocean surface processes. However, exploiting the synergy
between these new datasets and the existing observations, models or in-situ remains challenging, especially
when consistent collocation across heterogeneous sources is required.

To address this requirement, a dedicated instance of the Ocean Virtual Laboratory (OVL) has been established:
https://aviso-calval.oceandatalab.com. This platform offers ready-to-use collocated datasets that integrate SWOT
and CFOSAT observations with multi-mission altimetry, sea surface temperature, sea surface salinity, ocean
colour, in situ measurements, and model outputs.

The platform facilitates fast, interactive exploration and comparison of heterogeneous datasets within a unified
environment, effectively eliminating the primary bottlenecks associated with multi-sensor analysis. Users can
directly access harmonised data, investigate co-located observations, and perform consistent cross-mission
comparisons without the need for complex preprocessing. An embedded SEAShot tool (https://seashot.odl.bzh)
further facilitates the sharing of scientific cases, enabling users to easily communicate and disseminate
interesting oceanographic features within the community.

The capabilities of the AVISO-CALVAL platform will be illustrated through a series of use cases, including the
analysis of fine-scale ocean fronts and eddies observed by the SWOTmission in relation to sea surface
temperature and ocean colour signatures, as well as the comparison of SWOT-derived sea surface height
gradients with in situ drifter measurements. In addition, advanced and experimental products, such as the L2S
wave spectra products from CFOSAT or Level 3 wind—wave partitioning and swell spectra from SWOT, will be
explored to demonstrate how the combined use of these missions enhances the characterisation of sea-state
conditions.

Live interactive demonstrations will be offered throughout the week—join us to discover how collocated multi-
mission data can be explored and exploited in just a few clicks.
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Abstract:

This presentation will present the SWOT (Surface Water and Ocean Topography) ocean data access and
services developed by the CNES AVISO team to optimize data utilization. We will highlight the key features of the
CNES JupyterHub platform, which provides high computational capabilities including CPU/GPU resources, along
with optimized remote access to SWOT data and related data products. Additionally, we will showcase altimetry
open-access Pangeo-based libraries and dedicated tutorials that illustrate practical use cases, such as
intercomparisons with other satellite datasets.
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Abstract:

For over 20 years, the Centre for Topography of the Oceans and the Hydrosphere (CTOH) has been making
significant contributions to coastal altimetry and its applications. One of its oldest contributions is the X-TRACK
processing software, developed in collaboration with LEGOS to improve the quality and coverage of altimetry
data in coastal areas. Now distributed worldwide by AVISO+, X-TRACK is widely used in scientific publications
and provides homogeneous long-term sea level anomaly time series along altimetry tracks. From these series,
empirical tidal constants are derived, which are valuable for regional and coastal ocean analysis, tidal studies
and model validation.

Combining the X-TRACK processing software and the ALES altimetry retracker developed by National
Oceanography Centre (NOC) and Technical University Munich (TUM), the Coastal ESA Climate Change Initiative
project reprocessed in the 2020s measurements from the Jason-1,2,3 missions in order to derive coastal sea
level time series. It allowed extending the spatial coverage of altimetry data in the land direction, within 4 km from
the coast. Based on this dataset, after a strict editing, a network of 1634 virtual altimetry-based stations has been
derived within a 20 km coastal zone. The corresponding monthly sea level time series for the period from January
2002 to June 2021 and associated trends are computed and made available in a dedicated product
(https://doi.org/10.17882/74354). It provides new information on coastal sea level evolution in regions without tide
gauges, as well as on how long-term sea level trends change as we approach the coast.

Despite these advances, processing and using altimetry near the coast remains challenging both technically and
scientifically. To better quantify and understand the sources of uncertainty in sea-level trend estimates, the CTOH
has developed new method to compute uncertainties associated to coastal sea level trends. The resulting data
set is about to be integrated into the network of virtual altimetry stations so that they will be available to users.

The CTOH team is also working on transitioning the demonstration coastal products mentioned above to
operational production. In collaboration with CNES, CLS and Noveltis, we have co-developed the ALTimetry
Innovative Coastal Approach Product (ALTICAP) that is based on the CNES database and a coastal version of
the DUACS operational system. This new global altimetry sea level dataset dedicated to coastal and regional
applications, currently includes 5 years of collocated, 20 Hz Jason-3 along-track coastal variables covering a
band between 0 to 500 km from the coast. This experimental product ensure reliable sea level estimates in the
world coastal zone and is designed to be regularly extended with new missions. It should eventually move into
the operational phase if the altimetry community recommends it.

We present these different products here, along with some examples of their use in coastal applications.
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Abstract:

Building on its long-standing contribution to operational altimetry, EUMETSAT continues to deliver a continuous
data stream of observations from Copernicus Sentinel-3 and Sentinel-6 Michael Freilich, and Jason-3. These
missions provide a comprehensive suite of marine data products, including level 1 and level 2 products across
missions, and level 2P and level 3 products for Sentinel-6 developed in partnership with CNES.

In response to recent updates to the operational processors for Sentinel-3 and Sentinel-6, EUMETSAT has
expanded its user support services and training materials. This presentation provides an overview of these
services, including guidance on how to access the helpdesk and user portal. It also highlights a range of
available resources, such as updated product and user guides, processing baseline summaries, cyclic reports, a
growing case study library, and an expanded catalogue of open-source, Python-based Jupyter Notebooks. The
latter cover a variety of topics, including data access - via the EUMETSAT Data Store, WEKEO, and the DestinE
Data Lake — as well as data usage and practical applications. In addition, we will present our calendar of training
events for the coming year and invite discussion around potential collaboration opportunities, as well as the use
of our materials to support training in different contexts.
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Abstract:

EUMETSAT is responsible for the provision of operational ocean altimetry products derived from the Copernicus
Sentinel-3 and Sentinel-6 missions, both operated by EUMETSAT. Ensuring the quality, reliability, and
transparency of these products is a key priority to support a wide range of oceanographic and climate
applications.

Particular attention is devoted to the routine monitoring of product performance. This activity is conducted with
the support of the Mission Performance Services: COPAS (Copernicus Altimetry Service) for Sentinel-3 and MPS
(Mission Performance Service) from CNES for Sentinel-6. These frameworks enable a systematic and
continuous assessment of product quality, ensuring scientific robustness and traceability.

A comprehensive suite of performance reports is routinely generated and made available to the user community
through the EUMETSAT User Portal. In this poster, we present the different performance reports, summarizing
their content, scope, and update frequency, as well as guidance on how to access them.

Beyond providing visibility on the reporting system, this work aims to actively engage the user community. User
feedback is essential to assess the relevance, clarity, and usability of the reports, and to guide future
improvements. We strongly encourage participants to share their experience and suggestions.

Corresponding author:
Carolina Nogueira Loddo (EUMETSAT, Germany), carolina.nogueiraloddo@eumetsat.int

228 /314



OSTST abstracts’ book (2026-06-22)

A Unified Framework for Next-Generation Sea
Surface Height Mapping

Cimarron Wortham (NorthWest Research Associates, United States); Jeffrey J. Early (NorthWest Research
Associates, United States); Jonathan M. Lilly (Planetary Science Institute, United States)

Session: Outreach, Education and Altimetric Data Services
Presentation type: Poster
Poster number: ODS2026_008

Abstract:

Satellite altimetry underpins much of modern oceanography, yet the community’s primary mapped sea surface
height dataset is a proprietary, closed source product that is limited by a lack of transparency, excessive
smoothing, and inflexibility. We attempt to address these issues by combining altimetric data and statistical
models to ensure the most accurate and useful global multi-satellite record of sea level. We are developing an
open-source, algorithm-agnostic mapping framework powered by OceanDB, a backend with efficient
spatiotemporal data retrieval, and a new map data compression format to provide fast, versatile access to
mapped products at arbitrary locations.

The initial mapping algorithms include Gaussian Process Regression (GPR) with improved, physically based
covariance models and Local Polynomial Fitting (LPF) optimized for adaptive, anisotropic smoothing. This unified
system will deliver transparent, accurate, and customizable SSH maps with explicit error quantification. In
alignment with NASA's long-term priorities, this is being done within the context of Open Science in which every
aspect is openly and freely distributed to the community.
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Abstract:

Built on the multi-mission altimetry product produced by Beckley et al. at Goddard Space Flight Center (GSFC),
the NASA-SSH products provide a series of user-friendly sea level products suitable for scientific and public use.
By combining data from TOPEX/Poseidon, all the Jason-series missions and Sentinel-6 Michael Freilich, the
GSFC product carefully levels all satellites to a common reference time period and ensure that consistent
processing is applied to all missions.

To produce the NASA-SSH products, an additional level of quality control is performed on the GSFC data
products to flag outliers and bad passes. An orbit error correction is computed and applied using a 10-day
window of crossovers to reduce any remaining long-wavelength, along-track errors. Finally, the along-track data
is smoothed slightly and compiled into user-friendly daily files. This along-track product is perfect for ocean data
assimilation and other along-track altimetry data users. These along-track products are then gridded, and used to
compute global and regional indicators, that track things like the El Nifio Southern Oscillation and global sea level
rise.

A new version of the NASA-SSH products (v1.1) has been released that relies on the highest quality JPL GPS
orbits available for all missions and is expected to significantly improve the accuracy of all products. Future
evolutions will include data from high-latitude missions and more sophisticated gridding techniques to produce
high-resolution grids.
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Abstract:

CONTEXT: Inland surface water bodies, including lakes and wetlands, are essential components of global
hydrological and ecological cycles, and serve as sensitive indicators of climate change. Monitoring water
surfaces and their depth fluctuations is critical for effective water resource management, yet spatiotemporal
variations in terrestrial water storage remain poorly understood at both regional and global scales. Persistent data
scarcity, often due to remoteness, high costs, and restrictive data policies, limits our ability to characterize inland
water systems comprehensively. Advances in satellite remote sensing, particularly the Surface Water and Ocean
Topography (SWOT) mission, offer new opportunities to monitor water surface elevation (WSE) over inland
waters using altimetry. However, certain water surface conditions such as small surface area (<1km2), emergent
vegetation, and ice cover, are likely to increase SWOT measurement error, but are not deeply studied. In
addition, there are uncertainties about what hydrological processes are missed at SWOT's temporal resolution,
versus with higher frequency in-situ measurements. Understanding when SWOT can be trusted and how to
utilize its data is essential before it can be widely used for water resource monitoring and decision making.

Lake water budgets reflect a combination of inputs/outputs including groundwater exchange. In karstic
environments, groundwater exchanges are pronounced due to dissolution of limestone and dolomite bedrock that
forms sinks, springs, caves, and conduits. The dissolution of the Niagara Escarpment’s bedrock in Ontario
Canada’s Bruce Peninsula has created an example of a karst landscape, and karstic processes are thought to
influence surface water levels in Bruce Peninsula National Park (BPNP). Monitoring these surface water
processes is key for studying aquatic ecosystem health, lake and wetland connectivity, and impacts from climate
change.

OBJECTIVES: 1. Assess SWOT WSE retrieval accuracy across a subset of BPNP water bodies, and evaluate
the surface conditions (surface area, open-water, emergent vegetation, ice cover) impacting accuracy. 2. Identify
the optimal SWOT data workflows by comparing data products and quality filtering techniques. 3. With SWOT’s
accuracy characterized, analyze lake-level variability and spatial correlations across all lakes in BPNP, and
identify regions influenced by karst.

METHODS: SWOT WSE accuracy was evaluated using analogous data measured with in-situ level loggers
deployed across study lakes spanning a range of surface areas and surface conditions. Logger depths were
converted to absolute water elevations using high-precision GNSS measurements and a consistent vertical
reference system to ensure direct comparability with SWOT observations. SWOT's LakeSP and Raster products
were assessed, including comparison of quality filters and pixel aggregation methods. Accuracy was quantified
using standard statistical metrics including bias, root mean squared error, and correlation (Pearson r and
Spearman p). Surface conditions were characterized using high-resolution satellite imagery and drone
observations. Following accuracy assessment, validated SWOT data will be used to analyze lake-level dynamics
across the park. Regions with strong karst influence will be identified with a water budget assessment integrating
local precipitation data, evaporation estimates, and SWOT.

RESULTS: Initial results for objective 1 suggest that agreements between SWOT-derived water surface
elevations with in-situ measurements strongly vary across surface conditions. When high-quality observations are
used over open-water conditions, level errors are generally small, with root mean squared error on the order of 4-
9 centimeters for several lakes. The performance and number of observations reduced in small and/or vegetated
systems, causing larger uncertainty. During ice cover, SWOT can make measurements but requires specific data
processing. The ability to detect correlations across water bodies is reduced using SWOT versus with high
frequency in-situ measurements.

SIGNIFICANCE: Characterizing SWOT's performance is required for its effective use in regional hydrological
studies and scaling its application to Canada wide and global monitoring of water storage and karst landscapes.
Identifying the opportunities and challenges of SWOT provides critical guidance for how its data should be
processed and interpreted. Assessing the hydrology of BPNP’s karst-influenced lakes will help to link water level
variability to broader ecological processes and reveal potential ecosystem relationships. As a protected and
relatively undisturbed environment, BPNP offers an ideal location for long-term ecological and hydrological
research, while providing a valuable testbed site for evaluating SWOT’s performance across a range of surface
conditions.
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Abstract:

The Surface Water Ocean Topography satellite mission has opened a new era by mapping ocean surface
elevation with an unprecedented level of detail (Archer et al. 2025). Some of the ocean patterns are familiar and
expected, while others are more challenging to interpret, partly due to artifacts of the measurement technique.
The interpretation of the small-scale component (< 10 km) of the SWOT measurements is still under
investigation, including how SSH “noise” is structured in two dimensions. Here we particularly investigate this
“noise” in maps of surface elevation and its relationship with ocean waves. At wavelengths shorter than 10 km,
we find that noise can be decomposed in several contributions, in a way broadly consistent with Peral et al.
(2015). The first one is a nearly white noise that is a function of significant wave height (Hs) and wind speed,
related to the measured interferometric coherence (Bohe 2023, Peral et al. 2024). Another contribution is noise
related to wave heights and wave groups, including modulations of sea state bias. A third term is related to the
low-incidence measurement geometry. These different noise contributions can be quantified using wave
parameters that include Hs and the spectral peakedness Qkk which quantifies the magnitude of wave groups.
We note that wave groups are one of the main sources of “noise” in nadir altimetry (Ardhuin and De Carlo 2024).
We may thus use nadir and CFOSAT data to provide estimates of Qkk and help interpret KaRIn noise.

Our analysis leads to a parametric semi-empirical noise model as a function of wind speed, wave height and QkKk,
that can be used as an a priori detection threshold for weak signals, such as swell fore-runners, infragravity
waves or tsunamis. For a typical open ocean wave height of 2m, SWOT can measure swells of 3 cm height, and
should be able to detect infragravity waves or tsunamis of about 2 cm significant height. It is possible that the
particular properties of the noise related to wave groups in SWOT and their variation across the swath could be
used to better filter data and reduce the noise.
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Abstract:

Uncertainty in satellite-altimetric sea level observations is important for many scientific and operational
applications, yet the spatial and temporal structure of uncertainty remains not fully characterized. Here, we
characterize sea-level uncertainty across multiple satellite altimetry missions from the perspective of dynamically
consistent ocean state estimation, using a recent ocean state estimate from the Estimating the Circulation and
Climate of the Ocean (ECCO) project, spanning the satellite altimetry era at a nominal 1/3 degree horizontal
resolution. The ECCO solution is constrained by altimetry from both reference and non-reference missions, along
with additional satellite and in situ observations of other ocean variables.

Because the ECCO estimate is dynamically and kinematically consistent—obeying the governing model
equations and closing budgets for sea level and other ocean properties—it acts as a physically based filter that
separates dynamically explained signals from residuals. Model-data sea surface height (SSH) residuals
therefore represent signals not explained by ocean dynamics and can be interpreted as errors in the altimetry
data and/or the model.

Analysis of these residuals reveals spatial and temporal structures that differ among missions. The model-data
SSH residuals from reference missions typically show smaller and more stationary discrepancies, whereas
several non-reference missions exhibit larger and more temporally variable residuals, along with notable
mission-specific differences. Pronounced spatial contrasts are also evident, including higher residuals in certain
high-latitude and shallow-ocean regions.
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Abstract:

Measurements collected from a family of radar altimetry missions are used to build the global mean sea level
record. The continuity and stability of this record are essential for climate-oriented applications such as deriving
the ocean heat content change, for example. Expressing comprehensive uncertainties is also critical to separate
geophysical signal from artifacts in the data. While we now do have a mature description of uncertainties on the
sea level record at both global and regional scales, this description is limited to time-dependent effects with little
to no quantitative information on geographically-dependent effects.

Among the sea level rise stability uncertainty budget, inter-mission bias uncertainties account for transitions from
one reference mission to the next. Seamless transitions are possible thanks to tandem phases - limited periods of
time where two satellites fly along the same orbit with a short time separation- during which inter-mission biases
can be estimated with a high precision. Uncertainties on the inter-mission biases are typically 0,5 mm (one sigma
level) at the global mean level and 2 mm (one sigma level) at the local level over scales of 100*100 km2. Starting
from local uncertainty levels and assuming independence of error realizations results in much lower (~0.02mm)
global inter-mission bias uncertainties. This discrepancy suggests that either (1) uncertainties are mis-estimated
or (2) there are geographically correlated errors in local inter-mission biases.

In this analysis, we use data collected during the Jason-2/Jason-3 and Jason-3/Sentinel-6A tandem phases to
investigate how errors on inter-mission biases might be correlated geographically. We build proxy for inter-
mission bias errors at the local scale and use it to build clusters that define 'similar errror areas'. We establish
that these errors can correlate over large distances up to the basin scale. While the underlying mechanisms are
still to be fully understood, the methodology developed here can be applied to other quantities to provide insights
on the typical scale of geographically correlated errors. Quantifying geographical error covariance scales is
critical for uncertainty propagation from individual measurements to integrated indicators such as the global mean
sea level.
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Abstract:

The Argentine Continental Shelf (ACS) is one of the widest continental shelves in the world, extending between
~200 and 800 km, and is predominantly shallow. The Surface Water and Ocean Topography (SWOT) mission
during the SWOT 1-day Cal/Val phase, provided unprecedented high-resolution observations of the ocean
surface for this region. However, strong tidal forcing and storm surges dominate its dynamics, making it a
challenging environment for satellite altimetry corrections. We leveraged a validation network of five fixed stations
along pass 007. This network comprises two bottom-mounted pressure recorders, sea level radars installed on
offshore platforms, and the Puerto Deseado tide gauge from the UHSLC network. The recovery of the bottom-
mounted instruments required multiple attempts, with meteorological conditions preventing retrieval operations on
more than one occasion.

SWOT L3 SSHA at each station was evaluated using the ocean tidal model FES2022b and four Dynamic
Atmospheric Corrections (DACs): the standard operational product (DAC-trad), an experimental Cal/Val-tuned
version (DAC-Cal/Val), a regional barotropic model (DAC-MSAS), and a high-resolution unstructured-grid product
(DAC-SIROCCO). At the three open-shelf stations (Carina, Lander, Vega-Pleyade), DAC-trad yielded
correlations of 0.71-0.82 (RMSE 7-8 cm, R?=51-67%). DAC-SIROCCO raised these consistently to 0.91-0.93
(R2=84-87%), while RMSE remained at 7-8 cm—the gain is in resolved variance, not in absolute SSH
magnitude. At the two coastal stations, conditions differ. Puerto Deseado showed r=0.31 with DAC-trad
(RMSE=18 cm, R?=10%), improving to r=0.74 (R?=55%) with DAC-SIROCCO. The remaining 45% of
unexplained variance indicates residual dynamics not captured by the evaluated geophysical corrections. At
SBE26 (located in the semi-enclosed San Matias Gulf), DAC-SIROCCO provided no additional skill over DAC-
trad (r=0.78, R2=61%). This suggests that, in this location, further evaluation of tidal and other regional
corrections is required.

The bottom-deployed Aquadopp at ~53°S—the only velocity-equipped station and the first high-frequency current
record in this sector of the ACS—served as reference for SWOT-derived geostrophic velocity validation. This
analysis is ongoing. Evaluating the impact of the product version (v2.0.1 vs. v3.0.0), temporal and along-track
spatial filtering, and geostrophic kernel size revealed that temporal filtering is the critical processing step: without
a 20-day filter, correlations for the zonal (u) and meridional (v) components remain below 0.3 and 0.1,
respectively, and v2.0.1 fails to resolve the meridional component with correlations not exceeding 0.4 under any
configuration. Once the 20-day filter is applied, skill emerges systematically. Along-track filtering (optimum at 120
km) and kernel size (optimum at n=9 pixels, degraded at n=18) modulate results further; v3.0.0 introduced
consistent improvements across configurations. Under the optimal setup—20-day temporal filter, 120 km along-
track filter, n=9 kernel, integrating 71% of the barotropic layer depth—v3.0.0 yields r=0.872 (RMSE=3.2 cm/s) for
u and r=0.597 (RMSE=1.6 cm/s) for v.
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Abstract:

This poster describes the automatic track identification and removal procedure used by the open-source Daily
Altimeter Sea Surface Height (DASHv1.0) system for mapping satellite altimeter sea level measurements. An
examination of the preliminary gridded output from DASH shows that typically 3% of the satellite tracks for the 15
nadir missions considered should be flagged as ‘bad’, a number that grows to 7% for ERS-2 but is only 2% of the
SWOT mission tracks. To identify and remove those bad tracks automatically we identify two statistics based on
a preliminary gridded analysis that help identify the bad tracks. The first is spatial smoothness. We reject tracks
with low correlation to the surrounding grid cells, a procedure similar to that used in DUACS DT2021. The
second is an along-track misfit statistic which helps to flag tracks containing long-wavelength error. The
application of this automatic track identification to DASH1 is described.
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Abstract:

Coastal cities worldwide face increasing flood risk due to rising mean sea level, intensifying extreme events, and
the interaction of multiple processes including tides, storm surge, waves, river discharge, and rainfall
(Oppenheimer et al., 2019). In many regions, especially in the Global South, robust flood hazard assessments
are constrained by the scarcity of in-situ observations, inconsistent vertical reference surfaces, and limited ability
to represent the full set of dynamic drivers contributing to total coastal water levels. The objective of this work
(https://climate.esa.int/en/supporting-the-paris-agreement/fracceo/) is to develop a globally applicable
methodology that synergistically combines coastal altimetry, ESA’s Sea Level and Sea State Climate Change
Initiative (CCI) datasets, and multi-scale hydrodynamic modelling to improve the estimation of extreme coastal
water levels and subsequently urban flood hazards. High-resolution (20 Hz) along-track altimetry will be used for
detecting extreme sea-level and sea-state events, supported by the Global Tide and Surge Model (Muis et al.,
2020) for event identification and validated against the GESLA-4 tide-gauge archive (Haigh et al., in prep.). To
better represent the processes governing total water levels, altimetry-derived information will be combined with
regional hydrodynamic models based on Delft3D Flexible Mesh (Kernkamp et al., 2011). The study investigates
how coastal altimetry can inform model boundary conditions, support model validation, and enhance event
characterisation, particularly where in-situ networks are sparse or intermittent. To ensure consistency between
altimetry, hydrodynamic model outputs, and digital elevation models used for flood mapping, a unified
vertical-referencing framework based on regional and global geoid models will be implemented. The methodology
will be demonstrated in detailed case studies in Hamburg (Germany) and Beira (Mozambique). To demonstrate
global transferability, the approach will be tested in Durban (South Africa), Cochin (India), Manila (Philippines),
and Naga City (Philippines), spanning diverse hydrodynamic regimes and data conditions. By combining coastal
altimetry with hydrodynamic modelling and consistent vertical referencing, the project aims to provide a robust
basis for detecting extreme coastal water levels, understanding their drivers, and generating improved coastal
flood estimates in cities worldwide.
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Abstract:

Monitoring and predicting sea level changes are critical issues for coastal populations and ecosystems, and the
30-year record of satellite radar altimetry observations is an outstanding tool to contribute to the understanding of
ocean processes and changes. From 1992 (Topex/Poseidon) to 2020 (Jason-3), the reference satellite nadir
altimetry missions used to estimate the sea level changes were operated with conventional altimeters in Low
Resolution Mode (LRM), i.e., measuring sea surface height estimates averaged within a circular footprint of about
10 km of diameter. This altimetry technique is known to encounter issues in coastal environments, due to land
contamination in the radar signal. The SAR (Synthetic Aperture Radar) or Doppler-delay altimetry technique,
which has been first operated on CryoSat-2 since 2010 and then on Sentinel-3 since 2016, provides sea surface
height measurements with the same cross-track resolution as LRM, but with much higher resolution along the
track (about 300 m). With this SAR technique, the along-track noise is almost divided by two, compared to the
LRM technique, which enables new insight for the study of meso-scale dynamics, coastal circulation and ocean
changes.

Sentinel-6-MF, the current reference mission that took over Jason-3 on the reference orbit in 2020, provides the
opportunity to directly compare both techniques, as it is operated in interleaved LRM and SAR modes. Building a
long time series of reference missions poses the question of continuity and consistency between LRM and SAR
modes, as both techniques may provide different information, depending on the temporal and spatial scales.
Having sea surface height estimates measured in both modes almost simultaneously is also an opportunity to
better understand the content of LRM observations in past missions and possibly better sort the noise and the
signals in the 30-year archive.

In this work, we explore and quantify the differences between Sentinel-6-MF LRM and SAR data in the North-
Western Mediterranean Sea for the most recent product baseline (G01), at different temporal and spatial scales,
and with a specific focus on the coastal zone. We take advantage of the wealth of multiplatform data available in
the region, such as in situ observations, model simulations and the new SWOT altimetry mission, which provides
2D sea surface height images, to analyze specific events and better understand the physical content and the
limitations of the SAR and LRM nadir altimetry observations in this region.
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Abstract:

The continental margin south of Tierra del Fuego (Argentina) serves as a transition area between the Southern
Chilean and the Southern Argentinian Patagonian ecosystems. Bounded by the Northern Boundary and the Sub-
Antarctic Front of the Antarctic Circumpolar Current, circulation in this area transports water and properties from
the Pacific to the Atlantic Ocean, influencing the ecology of southern ecosystems. The narrow continental margin
hosts a network of submarine canyons, including the deeply incised Sloggett Canyon, which intercepts and likely
modifies the along-shelf-break current. Combining in situ hydrographic measurements from a multidisciplinary
cruise conducted in November 2022 with coincident satellite-derived Sea Surface Height (SSH) and atmospheric
reanalysis, we investigate the water masses and dynamics in this understudied area. Surface circulation and
mesoscale variability are characterized from SSH-derived geostrophic velocities. Analysis of upper ocean
variability exhibited two distinct phases associated with Ekman dynamics: a relaxation phase characterized by
calm wind conditions, a weak along-shelf-break current (45 cm s-1), and well-defined mesoscale activity along
the Sub-Antarctic Front, and an intensification phase marked by strong wind conditions, an intense along-shelf-
break current (over 80 cm s-1), and increased meander activity offshore. Despite limited field data, we document
a remarkable wind-driven upwelling episode in the upper portion of the Sloggett Canyon during the intensification
phase, highlighting the role of wind stress and canyon geomorphology as possible mechanisms driving upwelling
events. This episode was also coincident with near-surface chlorophyll-a maxima, emphasizing the canyon’s
relevance as a biological hotspot. Our findings raise new questions, highlighting the need for longer time-series
studies and more dedicated multidisciplinary research efforts. The results presented here are published in
Progress in Oceanography, and ongoing work extends this analysis by investigating the along-slope current in
the Yaganes area using satellite altimetry.

Corresponding author:

Juan Cruz Carbajal (Departamento de Ciencias de la Atmoésfera y los Océanos (DCAO), Facultad de
Ciencias Exactas y Naturales (FCEN), Universidad de Buenos Aires (UBA), Argentina),
juan.cruz.carbajal@cima.fcen.uba.ar

241 /314



OSTST abstracts’ book (2026-06-22)

SWOT KaRlIn in Coastal areas: performance
assessment and opportunities for improvement

Aurélien Deniau (CLS, France); Beatriz Molero (CLS, France); Francesco Nencioli (CLS, France); Matthias
Raynal (CNES, France)

Session: Coastal Altimetry
Presentation type: Poster
Poster number: COA2026_004

Abstract:

The Ka-Band Radar Interferometer (KaRIn) instrument onboard the Surface Water and Topography Mission
(SWOT) launched in December 2022, provides two unprecedented 60-km wide two-dimensional profiles of sea
level topography measurements at high resolution. This capability represents a major advance for the study of
inland waters, the global ocean, and particularly the coastal zone.

Our analysis focuses on the Level-2 Low Rate Sea Surface Height (L2_LR_SSH) Version D products, the most
recent baseline distributed since April 2025. The products are provided at both 2-km and 250-m grid resolutions,
opening the possibility to explore KaRIn performance in coastal environments across a broad range of spatial
scales. Even with SWOT capabilities, coastal altimetry remains challenging due to land contaminated radar
echoes and increased artefacts and uncertainties associated with the geophysical correction models (e.g. wet
tropospheric correction, mean sea surface, tides, and the dynamic atmospheric correction) in regions with strong
spatial gradients.

In this presentation, we assess the performance of SWOT KaRIn L2_LR_SSH Version D data in coastal areas,
considering both available resolutions. We first evaluate global scale data coverage and data quality for sea
surface height anomaly (SSHA) parameters in the vicinity of the coast. Particular attention is given to the
behavior of L2 quality flag variables, which provide key diagnostics for understanding the reliability of SSH
estimates in complex coastal settings. Finally, we discuss different improvements to the data processing chain
which are expected to enhance the quality and robustness of KaRIn measurements in coastal regions in future
versions of the SWOT products.
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Abstract:

For over 30 years, satellite altimetry has been a vital tool for monitoring ocean and inland water surfaces. Since
1992, at least two missions have operated concurrently, beginning with TOPEX/Poseidon and ERS-1, and now
including around 10 active satellites such as ICESat-2, Sentinel-6B, and SWOT. While most mission data are
freely available, they differ in format, processing level, and reference systems (e.g., ellipsoid or time),
complicating multi-mission applications. Additionally, generating high-quality, ready-to-use scientific products
often requires specialized expertise.

To address these challenges, DGFI-TUM has developed the Open Altimeter Database (OpenADB), which
enables consistent data management and integration. OpenADB comprises the internal Multi-Version Altimetry
(MVA) repository and a user-friendly web portal. It offers access to along-track products such as sea surface
heights and ocean tides, along with detailed information on satellite missions, configurations, and data
characteristics. All products are freely accessible via https://openadb.dgdfi.tum.de after registration.

A key focus of OpenADB is the coastal zone. Over two decades of data have been reprocessed using algorithms
and geophysical corrections tailored to enhance sea level retrievals near coasts without compromising open-
ocean standards. The coastal dataset, based on ALES and ALES+SAR retrackers, is the largest of its kind. It
also underpins the EOT20 tidal model, which delivers superior performance in shelf and coastal regions, which
are typically challenging for tidal estimation. The EOT20 model is also available as an independent product.
Furthermore, all missions are cross-calibrated, allowing users to seamlessly combine data from different satellites
for regional-scale sea level analysis.
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Abstract:

Accurate coastline information is essential for coastal altimetry applications, where an imprecise land-sea mask
can degrade measurement reliability and blur the interpretation of coastal signals. Current Level-2 products
commonly rely on a land/ocean surface type classification based on GSHHS coastline information. Limitations in
this coastline definition can propagate into coastal altimetry processing, leading to land-sea misclassification and
blurred spatial patterns in coastal analyses.

This contribution presents a new land-sea mask and distance-to-coast product derived from OpenStreetMap
(OSM) coastline information. Starting from OSM coastline polylines, a global database of closed polygons is
generated and used to determine the distance to the coastline from any generic location. This approach enables
two complementary modes of operation: (1) the computation of accurate distance to the coast for an input
database of latitude/longitude points, allowing robust land/ocean discrimination; and (2) the generation of
mission-specific global products sampled along nominal ground tracks, with dynamically adapted resolution and
enhanced maximum spatial resolution in the coastal zone.

Compared with the current GSHHS-based solution, the proposed OSM-based approach provides a more
accurate representation of the coastline and significantly reduces land-sea misclassification and spatial blurring
effects. As a result, coastal altimetry analyses benefit from improved reliability in the characterization of
measurements acquired close to land.

The proposed product is intended as a supporting dataset for coastal altimetry processing, with application to the
surface type classification used in Level-2 products. Beyond reliable land/ocean discrimination, it enables the
identification of more complex nested surface-type classes, such as lakes and islands within lakes.
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Abstract:

Satellite altimetry missions have been strongly contributing to the advancement of measurements of the
topography, sea-level, waves , and wind at the surface of the oceans world-wide. Throughout more than 30 years
since the launching of the first altimetry mission, the constellation of satellite altimetries has increased the
frequency and spatial coverage of the ocean observations. However, altimeter wave heights in coastal zones still
need improvement due to noise caused by signal contamination from land. The Surface Water and Ocean
Topography (SWOT) brings an important novelty for coastal observations (Wang et al., 2025). The SWOT
mission uses — in addition to the conventional nadir measurements along a centerline — a novel radar
instrument, called Ka-band interferometer (or KaRlIn). KaRIn makes measurements over a swath of 120 km with
2 km resolution, which makes SWOT the first altimetry mission able to give direct observations of the ocean in
two dimensions.The high spatial resolution of SWOT swath can potentially improve the observation of marine
variables as the Significant Wave Height (hereafter SWH) in near-shore and coastal zones. This work aims to
validate the assimilation of SWOT swath wave height in a high resolution wave model MFWAM and assess its
impact on the wave set-up/run-up prediction at the coast.

Our study area is located in the Southern Atlantic coast of France, from Biarritiz to Arcachon, a sandy coastline of
approximately 100 km length. We used the SWASH model (Zijlema et al., 2011) for simulating wave set-up and
run-up in 10 beach transects (one-dimension) equally spaced along the coast with 2km length each and 1m
resolution. The boundary conditions used in the SWASH model are the topo-bathymetry data from SHOM (LiDAR
LITTO 3D and bathymetry) and the wave parameters (i.e; significant wave height, peak wave period, and peak
wave direction) from the outputs of the wave model MFWAM for Iberian Biscay Ireland (IBl) (Toledano et al.,
2022). The MFWAM-IBI domain covers from 25°N — 64.6°N and 20°W — 17°E with grid resolution of 5 km. The
MFWAM-IBI discretises the wave spectrum in 24 directions and 30 frequencies ranging from 0.035 Hz to 0.56

Hz. MFWAM-IBI is driven by 3-hourly IFS-ECMWF winds. It uses as boundary conditions the wave spectra
produced by the global wave model of the Copernicus Marine Service at 1/10° spatial resolution.

Several MFWAM-IBI model experiments (EXP1-EXP4) have been performed to assess the impact of data
assimilation on the prediction of wave set-up and run-up. The EXP1 is the control run of the MFWAM-IBI model
without any data assimilation. EXP2 and EXP3 are the experiments with assimilation of CFOSAT (5-Hz SWH and
SWIM wave spectra) and SWOT (swath and nadir SWH), respectively. The EXP4 is the model with assimilation
of both SWOT and CFOSAT wave data. The simulation period is from 1st January 2025 to 31st May 2025. The
experiments outputs were compared with mooring buoys (Copernicus Marine in situ TAC database) and a multi-
year SWH altimeters dataset, which include Sentinel-3A/B, Cryosat-2, Jason-3 and HY2B.

Preliminary results show that the synergy between SWOT and CFOSAT wave data (EXP4) improves the
estimate of SWH (scatter index=10.9%; bias= -0.05m) in comparison with the model without data assimilation,
EXP1 (scatter index = 12.2%, bias =-0.10m), showing an assimilation gain of 10.65% for the period of January to
May 2025.The assessment of data assimilation on the wave set-up is currently in development and results will be
shown at the conference and special focus on storm-induced overtopping at the coast will be investigated. The
preliminary results highlight the importance of high resolution altimetry wave data and directional wave properties
to better understand complex coastal processes. This can potentially improve the wave parameters of the
Copernicus Marine Service IBI forecasting system) and, as consequence, coastal resilience.
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Abstract:

To improve the accuracy and completeness of sea surface height information obtained from satellite altimetry in
coastal ocean regions, the Centre of Topography of the Ocean and Hydrosphere (CTOH) has developed in the
2000s and then progressively improved a dedicated post processing software and related regional altimetry data
sets called X-TRACK. The latter consist in Level-3 sea level anomaly (SLA, DOI: 10.24400/527896/a01-
2022.020) and tidal constant products (DOI: 10.6096/CTOH_X-TRACK_Tidal_2018_01). Both are distributed by
the AVISO service (https://www.aviso.altimetry.fr)

Since 2022, the 1-Hz Level 3 SLA X-TRACK product is based on the L2P altimetry product from CNES (also
distributed by the AVISO service) in order to integrate an intercalibration between the different altimetry missions
as well as an alignment with the altimetry products dedicated to the Global Mean Sea Level (GMSL) monitoring.

The latter X-TRACK release (2025) integrates the most recent parameters and corrections from 14 altimetry
missions, from ERS-1 to Sentinel-6A, optimize the accuracy and quantity of informations on sea level variations
across the world’s various coastal regions. It results in an invaluable resource of data for coastal sea level
analysis. Additionally, three long-term SLA time series (combining data from the missions on the Jason, ERS and
Jason-interleaved orbits) offer a unique dataset for analysing the sea level changes across a wide range of time
scales within a 32 year time (1992-2024).

From this effort, we have recomputed a new version of the the X-TRACK Tidal Constants, an added-value
coastal altimetry product based on long-term combined mission Jason series. This product provides accurate
along-track tidal constant estimates at regional scale in all coastal seas worldwide. It effectively complements tide
gauge observations for tidal studies, validation of tidal models, and data assimilation into models.
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Abstract:

Accurate estimation of Significant Wave Height (SWH) in coastal zones remains a major challenge due to
complex land-sea interactions, rapidly varying wave conditions, and limitations of conventional satellite altimetry.
Existing approaches, including pulse-limited and unfocused SAR altimetry, often exhibit degraded performance
and reduced data availability near the coast, where reliable observations are essential for coastal hazard
assessment and forecasting. The project, SWASCH (Significant Wave height And Sea state bias in Coastal
zones using High-resolution SAR and ship-based GNSS), focuses exclusively on advancing the estimation of
SWH in coastal environments by combining Fully Focused SAR (FF-SAR) altimetry with innovative data-driven
methods and independent ship-based GNSS observations.

The proposed research aims to develop a novel data-driven framework for retrieving SWH from high-resolution
FF-SAR waveforms. By extracting key waveform features and establishing robust relationships with SWH, the
approach seeks to overcome limitations of traditional physically based retrackers, particularly in complex coastal
conditions. The enhanced along-track resolution of FF-SAR—reaching sub-meter scales—offers a unique
opportunity to resolve fine-scale wave variability and improve spatial coverage close to the shoreline.
Complementary to satellite observations, ship-based GNSS positioning and GNSS interferometric reflectometry
(GNSS-IR) will be used to derive independent, high-resolution estimates of sea surface height and SWH. These
measurements, acquired aboard the research vessel Kilo Moana along a repeatedly sampled coastal transect
near Hawaii, provide a unique validation dataset capturing diverse sea states. A comprehensive intercomparison
will be conducted between SWH estimates from FF-SAR altimetry, conventional altimetric products, GNSS-based
methods, wave buoys, and numerical wave models such as WaveWatch ll1.

The expected outcomes include (i) a robust and transferable data-driven methodology for SWH retrieval from FF-
SAR altimetry, (ii) validated GNSS-based techniques for independent SWH estimation, and (iii) an improved
understanding of coastal wave field variability and the limitations of existing observation systems. By delivering
spatially dense and accurate SWH estimates in coastal zones, this project will enhance coastal monitoring
capabilities and support improved prediction of wave-driven hazards under changing climate conditions.
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Abstract:

Coral reefs provide vital ecosystem services, including natural coastal protection through wave attenuation. While
this function is well recognized, comprehensive global assessments using satellite-based observations remain
limited. This study leverages three decades of along-track satellite altimetry data from the European Space
Agency’s Sea State Climate Change Initiative (CCl) to evaluate the influence of coral reefs on significant wave
height (SWH) across diverse coastal regions.

The Sea State CCl dataset, reprocessed for enhanced coastal zone accuracy, enables unprecedented analysis
of wave behavior near coral reefs. Observations are categorized based on proximity to reef structures and used
to quantify wave attenuation by comparing SWH before and after reef interaction. To explore the role of reef
structural complexity, reefs are grouped by region following the UN Environment Programme’s classification, and
temporal comparisons are made for the years, which reflect major shifts in global coral cover due to El Nifio
events.

Preliminary results show that in 80% of cases, wave heights are significantly reduced after passing over reefs.
Attenuation is especially pronounced under higher sea states, with an average reduction of 50% in wave height.
These findings highlight the critical role of coral reefs in coastal resilience and demonstrate the value of long-term
satellite altimetry for monitoring ecosystem services in vulnerable coastal zones.
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Abstract:

Coastal zones are exposed to the negative impacts of coastal sea level rise. However, the relative contributions
of waves and altimetric sea levels to coastal sea level changes at interannual-to-multidecadal timescales and the
coastal sea level rise are rarely investigated. In this study, the International Altimetry Service 2025 (IAS2025)
virtual stations, the Copernicus Climate Change Service (C3S) gridded altimetry product and the European Re-
Analysis v5 (ERA5) product are used to analyze their contributions along the world’s coastlines over the last
three decades. The results show that the waves are the dominant contributor (~50%) to interannual-to-
multidecadal sea level variability among all sea level components (e.g., alti-metric sea levels, waves, atmospheric
surges and tides) over large parts of the world’s coastlines from 1993-2015 to 2002-2025. Additionally, the
altimetric sea levels ac-count for nearly 30% of the interannual-to-multidecadal variability especially in the Indo-
Pacific region, the coast of central America, the coast of the northeast Asia and the coast of Baltic Sea, which is
modulated by the internal climate modes at both global and regional scales and the wave attenuation due to the
sheltering of the land. In terms of coastal sea level rise, the dominance of altimetric sea levels is observed,
together with significant negative and positive modulations of waves at several coastal regions (e.g., the south
coast of Australia and South America). However, the modulation of waves trends is reduced especially in the
northeastern Pacific side from 1993-2015 to 2002-2023 (2002-2025). This is mainly attributed to the decadal
variation of ocean waves in response to atmospheric circulation.
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Abstract:

Coastal inundation is becoming more severe and frequent as sea levels rise and storm intensity increases. Both
high tide flooding (HTF) and storm-driven flooding can damage infrastructure, elevate public health risks, and
accelerate shoreline degradation. In the United States, coastal flood mapping currently relies heavily on
distributed point-based in situ sensors operated by federal, state, and local agencies to measure total water
levels at specific locations. While invaluable, these observations do not capture the full spatial extent of
inundation. Satellite observations can complement in situ measurements by providing the missing spatial context.

Traditional satellite-based flood mapping has relied on optical and synthetic aperture radar sensors to detect
surface water extent. The new Ka-band radar interferometer aboard the Surface Water and Ocean Topography
(SWOT) satellite provides simultaneous observations of water height and extent, offering opportunities to
enhance coastal flood characterization. In this session, we present a methodology for extracting surface water
height and extent along the U.S. coastline from SWOT high-rate data products, using NOAA tide gauges to
identify HTF events. We describe key data processing considerations and summarize U.S. flood mapping
statistics from the current SWOT record.

Focusing specifically on results for the Hawaiian Islands, we assess how observed HTF events relate to
anomalous offshore sea level conditions. Using both SWOT low rate measurements and gridded satellite
altimetry, we quantify the linkage between mesoscale sea surface height (SSH) anomalies and coastal flooding.
We further evaluate the statistical significance and spatial influence of high-tide events associated with
mesoscale SSH anomalies throughout the altimetry data record.

Our results provide (1) a methodology for applying SWOT high-rate observations to coastal flood applications
and (2) new insight into remote oceanographic drivers of coastal flooding in Hawaii, highlighting the role of
regional ocean dynamics in shaping sea level risk for vulnerable island communities. These findings underscore
the continued societal value of satellite altimetry—both the long-term record and new advances in coastal sea-
level measurement—for improving community resilience to future ocean-related hazards.
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Abstract:

Waves undergo significant changes when approaching the coast due to several processes, including energy
dissipation and breaking. These changes can be driven by different factors: winds may have a limited fetch, land
may shelter the coast from incoming waves, bathymetry can interact with and transform the waves, and both
natural and artificial barriers can dampen their energy.

Previous studies have shown that along-track altimetry can monitor the gradient in significant wave height (SWH)
from the open ocean toward the coastal zone. Global analyses indicate that, on average, SWH decays by about
20% between 30 km and 3 km offshore. Regional studies have also demonstrated that SAR and Fully-Focused
SAR altimetry, when properly retracked, can close the gap up to approximately 1 km from the coast.

However, the use of along-track altimetry to monitor SWH gradients is limited by the large spacing between
tracks, while many of the processes affecting waves occur at very short spatial scales. In this context, the SWOT
mission provides new opportunities through the estimation of SWH across the two-dimensional swath using
signal decorrelation. Nevertheless, the accuracy of this new product in the coastal zone still needs to be
established.

Within the framework of the European Space Agency’s CoastDyn Project, this study compares the SWH changes
in the North Sea—Wadden Sea transition zone observed by the KaRIn instrument with estimates from Sentinel-6
tracks intersecting the SWOT swath, using both SAR and Fully-Focused SAR reprocessing. Furthermore, we
assess the potential of SWOT to monitor coastal SWH gradients by leveraging historical data from the Sea State
CCl project, which enhances both the quality and density of past SWH observations in coastal regions.

Initial results show the very promising capability of SWOT to close existing gaps, both in terms of spatial
resolution and proximity to the coast, while confirming once again the need for specialised coastal retracking for
SAR and Fully-Focused SAR altimetry.

Finally, an initial evaluation is performed in selected areas along the Italian coast to determine whether SWOT
can detect and quantify the influence of coastal barriers on SWH, with particular attention to Posidonia seagrass
meadows compared with similar areas lacking this natural protection.
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Abstract:

The land-sea interaction of water is a complex system crucial for a wide range of biogeochemical phenomena,
ranging from compound flooding to feeding patterns to pollution distribution. Ocean tides are a natural
phenomenon that plays a significant role in the dynamics of water within the land-ocean continuum. Observing
the propagation of ocean tides into inland water systems globally is challenging. Although in-situ gauges are
regularly deployed and maintained, the spatial distribution both in individual river systems and across all global
rivers is insufficient to study the tidal influence on a global scale. SWOT has proven particularly useful for studies
of ocean tides at fine spatial scales within complex coastal regions, with early results indicating clear avenues for
advancement in tidal research.

In this presentation, the results of a global assessment of tides within coastal rivers from SWOT are presented.
The global assessment is compared to in-situ gauges. Further, the first global atlas of tidal extent in all observed
coastal rivers is derived from these tidal estimates and river characteristics. This tidal extent information opens
the door for further cross-disciplinary research between ocean and hydrological processes, including saltwater
intrusion and compound flooding. In this presentation, we contrast our tidal extent estimates with several
statistics to quantify the impact of ocean tides on the general population. The findings presented in this
presentation are published in Hart-Davis et al (2026).

Hart-Davis M.G., Scherer D., Schwatke C., Sawyer A., Pavelsky T., Ray R.D., Matte P., Dettmering D, Seitz F.
2026. Observing the tidal pulse of rivers from wide-swath satellite altimetry. Nature.
https://doi.org/10.1038/s41586-026-10287-z.
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Abstract:

The FDR4ALT project, led by ESA and whose first phase ran from 2019 to 2023, produced updated Fundamental
and Thematic Data Records for ERS-1/2 and Envisat. The follow on project, FDR4ALT FO (2024-2026), builds
upon this foundation to further enhance the multi decadal altimetry climate record by updating geophysical
corrections and harmonizing processing standards across missions. This presentation focuses specifically on the
Sea State Bias (SSB) corrections improved within this framework.

Historically, the reference Ku band SSB model has been the 2D SSB from the Envisat reprocessing v3.0 (2017),
which remains the baseline for performance assessment. In FDR4ALT v1 (2022), a major methodological
breakthrough was introduced: both the modified non parametric kernel smoothing technique applied to SSH
crossover differences for SSB computation, and substantial algorithmic upgrades (including the Adaptive
retracking algorithm, revised geophysical corrections, and improved 2D wind speed estimation aligned with
CMEMS standards) were already implemented in this version. These advances enabled the development of the
first 3D SSB model for Envisat, which improved SLA mesoscale content and yielded a 3—9% variance reduction
relative to the 2017 2D model, depending on the diagnostic considered.

In FDR4ALT FO (v2), the SSB effort shifts toward CMEMS compliant harmonization across missions.
Accordingly, the new release provides updated 2D SSB solutions for both Ku and S bands, which serve a dual
purpose: (1) an alternative Ku band SSB correction, and (2) input to the dual frequency ionospheric correction for
Envisat, thereby ensuring stronger cross mission consistency and simplified alignment across systems. Unlike
FDR4ALT v1, which prioritized the physical accuracy of SSB modeling via the 3D formulation, the v2 approach
prioritizes multi mission standards harmonization, as the 2D formulation is preferable for climate grade
integration.

The 2025 Ku band 2D SSB exhibits a more modest improvement relative to the 2022 3D version over the 2017
model (as expected given the additional degrees of freedom in the 3D formulation) achieving a SSH crossover
variance reduction of -3.3 cm?. A key point is that the two SSB families introduced in FDR4ALT, 3D (v1) and 2D
(FO v2), serve distinct scientific objectives:

. the 3D SSB maximizes mesoscale SLA performance,

. while the 2D SSB ensures mission to mission continuity and homogenization, essential for CMEMS long
term datasets.

Taken together, these successive developments, from the advanced 3D SSB of FDR4ALT v1 to the new
harmonized 2D SSB of FDR4ALT FO v2, deliver the most consistent, accurate, and climate ready Envisat sea
state corrections to date. Across all versions, a corresponding High Frequency Adjustment (HFA) tuned to each
computed Ku band SSB model has been developed. These HFA corrections further reduce SLA noise at scales
below 100 km, lowering the noise floor observed after SSB application by approximately 30—35%.

Both SSB solutions (the 2022 3D model and the 2025 2D model), together with their respective HFA corrections,
are expected to be made available as part of the forthcoming FDR4ALT v2.0 release. This would allow users to
select the SSB+HFA combination, either the mesoscale oriented 3D option or the CMEMS harmonized 2D
option, that best fits their application needs. Providing access to both approaches would offer additional flexibility
compared to previous reprocessing campaigns, while supporting a robust, climate ready, and multi mission
consistent framework for Envisat and the broader 30 year altimetry record.
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Abstract:

Recently, ESA’s Sea State CCI has expanded its remit from long-term consistent wave height records to include
SAR-derived measures of wave period and direction and altimeter records of backscatter (o0) from dual-
frequency instruments. The long-term consistency in o0 is attained through using the unchanging nature of dual-
frequency radar-scattering properties over the ocean. This has enabled a more precise adjustment for inter-
mission differences, and the ability to provide monitoring of instrumental drift independent of on-board systems.
Until now, altimeter wind speed algorithms have been developed separately for each mission, so that long-term
studies may confound an evolving wind speed regime with changes in instrument and in the applied algorithm.
This new long-term o0 dataset allows the application of a single wind speed algorithm, removing potential causes
of uncertainty. First of all, we apply the algorithm of Abdalla (2012), which was developed with the aim of being
used for multiple instruments (albeit with separate o0 adjustments). Subsequently, we develop a new wind
speed algorithm using a machine-learning approach, trained with wind fields from a reanalysis model and
validated against buoy measurements. This new multi-decadal 00 dataset should not only aid climatological
studies of wind speed, but of other parameters such as wave period from altimeters and “sigma0 blooms” that will
gain from the internal consistency of the data record.
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Abstract:

Sentinel 3A and Sentinel 3B, launched in 2016 and 2018, carry dual frequency Microwave Radiometers (MWR)
that operate in synergy with the Sentinel-3 Radar Altimeter (SRAL) to deliver accurate measurements of ocean
topography. The primary role of the MWR is to estimate atmospheric water vapor and provide the Wet
Tropospheric Correction (WTC). As the WTC is a major contributor to the altimetric error budget, ensuring the
long term performance and stability of Sentinel 3 Microwave Radiometers is essential.

Within both the Copernicus Altimetry Service for the Sentinel-3 mission (COPAS) and S3MPC-STM framework, a
comprehensive and continuous monitoring of Sentinel 3 MWRs has been carried out over their full mission
lifetimes. The assessment is based on the systematic evaluation of key instrument parameters such as physical
temperatures, internal calibration coefficients, brightness temperatures, and derived Level 2 geophysical
products. Vicarious calibration over cold and warm reference targets is combined with comparisons to brightness
temperatures simulated from ECMWF atmospheric fields. Instrument operating modes, calibration anomalies,
and Radio Frequency Interference (RFI) are closely monitored. The stability of WTC retrievals is further
evaluated through comparisons with in situ radiosonde and GNSS observations.

The results demonstrate the excellent long-term stability, consistency, and overall good health of the Sentinel 3
MWR instruments, with no significant degradation observed over nearly a decade of operations. These activities
confirm the sustained quality of Wet Tropospheric Correction products and support the continuity and robustness
of Copernicus altimetry missions, including Sentinel 3C.
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Abstract:

We provide updated results from the Harvest experiment, focusing on efforts to extend the vital 33-yr record to
include the recently launched Sentinel 6B mission. With the decommissioning of the Harvest platform systems in
October 2022, the experiment has entered a new phase which leverages an innovative regional array of in-situ
measurement resources, while still maintaining the platform location as the fiducial reference point. The
centerpiece of the current measurements is a new tide gauge, collocated with a nearby permanent GNSS station,
at the Vandenberg Space Force Base boat dock. Installed by University of Hawaii under the auspices of NOAA,
the radar gauge is located about 10 km from the platform along the same ground track that passes by the
platform. Within a 1-km radius of the platform locations are advanced GNSS buoys which are replenished on a
rotating basis (2X per year) to maintain continuous coverage. Additional observing assets, most notably a dual-
frequency radar transponder, are located on Catalina Island along the adjacent Sentinel-6 ascending repeat
track.

Based on early results (5 overflights), the Sentinel-6B SSH bias is statistically indistinguishable from zero (+4 +
13 mm) at Harvest. The much longer Sentinel-6 Michael Freilich (MF) calibration record continues to grow and
reveals an SSH bias of +17 + 3 mm based on 131 overflights for the currently operating Side B radar altimeter.
We also provide new results for the SWOT mission, which passes within ~3 km of the platform in tracing out its
21-d repeat ground track, and for the legacy TOPEX/Poseidon mission based on newly reprocessed (GDR-F)
altimeter data products.
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Abstract:

In November 2022, the historic altimetry verification site at Harvest was officially decommissioned and
the replacement tide gauge site at Vandenberg was installed in September of the following year. The
transition between the Harvest and Vandenberg tide gauges left a gap of nearly a year and raised an
important question -- How can additional validation capability and redundancy be added to these critical
verification sites to ensure that the calibration history is maintained?

Since 2020, there has been a continuous occupation of GNSS buoys at Harvest to allow for the long-term
collection of GNSS data in support of altimetry missions. We present results comparing the sea surface
height biases of reference altimetry missions derived from these buoys against those from the nearby
tide gauges and fill the gap left during the transition from Harvest to Vandenberg. We discuss the
strategies and challenges associated with obtaining an accurate sea surface height from these buoys and
demonstrate that they are a viable option for supporting existing in-situ Cal/Val infrastructure.
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Abstract:

Initially developed for monitoring the performance of TOPEX/Poseidon and follow-on Jason/Sentinel-6 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 successful
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.

This poster will focus on the derived absolute Sea Surface Height (SSH) biases for the following altimetric
missions based on the most recent reprocessing of their data: TOPEX/Poseidon, Jason-1/2/3 and Sentinel-6 MF,
ERS-2/Envisat, CryoSat-2, SARAL/AltiKa, Sentinel-3A&B and SWOT. For the longest time series, the standard
error of the absolute SSH biases is now at a few millimeters level which is fundamental to maintain the high level
of confidence that scientists have in the global mean sea level rise.
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Abstract:

Initially developed for monitoring the performance of TOPEX/Poseidon and follow-on Jason/Sentinel-6 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.

A newly extended GNSS reference surface (see latest presentation: https://doi.org/10.24400/527896/a03-
2025.3937) has been realized to enable the Calibration/Validation of SWOT wide swath altimetry. It was
demonstrated that this GNSS reference surface ultimately exhibits a precision of a few millimeters. Preliminary
results demonstrate the high potential of the Corsica facilities to provide insight into the SWOT measurement
precision and will be presented in this poster.
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Abstract:

The Bass Strait altimeter validation facility (~40° 39’S, 145° 36’ E) continues to provide cycle-by-cycle estimates
of absolute altimeter bias for the TOPEX - Jason - Sentinel-6 reference missions, in addition to Sentinel-3A and
Sentinel-3B, each with dedicated comparison points. The facility uses a direct geometric approach to validation
that involves maintaining an in situ network of sensors including moored oceanographic instruments, GNSS
equipped buoys, a coastal tide gauge and continuously operating GNSS reference stations.

The site is well characterised from sustained in situ observations at key offshore comparison points and coastal
locations, in addition to an augmented array of observations that took place over a broader spatial domain in
support of the SWOT mission throughout its one-day repeat calibration phase. Here we present updated results
for each mission, each using the latest available data products versions to assemble a record with ~33-year
duration.
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Abstract:

The Surface Water and Ocean Topography (SWOT) mission has enhanced our capacity to monitor dynamic
coastal processes at resolutions down to a few kilometers, nearly reaching the coastline. This study validates
SWOT sea level data (LR level-3 Expert) from the 1-day repeat CALVAL phase against measurements from 16
tide gauges in the complex island and strait system of the Belt Sea, located in the western Baltic Sea. We assess
the agreement using Root Mean Square (RMS) of differences and Pearson correlation coefficients. Within 60 km
of the gauges, RMS of differences ranged from 3.3 to 7.3 cm, with strong correlations (r2 = 0.90-0.97). While
SWOT data immediately adjacent to the coastline can be unreliable, data collected over 2 km offshore
demonstrates consistency, and good agreement with tide gauge data extends to 20-30 km depending on local
bathymetry.
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Abstract:

The NOAA Altimetry/Tide Gauge Comparison System provides a calibration/validation framework for radar
altimetry missions, including Sentinel-3A and Sentinel-3B, within the multi-mission reference series. The system
constructs colocated altimeter sea surface height (SSH) time series at global tide gauge locations and differences
them with in situ observations to quantify instrumental bias, drift, and long-term stability.

For Sentinel-3A/B, the NOAA framework applies consistent orbit standards, geophysical corrections, and cross-
calibration against the reference altimeter series (e.g., Jason-3 and Sentinel-6 Michael Freilich) to ensure
continuity. In parallel, the Radar Altimeter Database System (RADS) provides a flexible, harmonized multi-
mission dataset that enables targeted sensitivity studies of geophysical corrections. In particular, RADS allows
systematic testing of the impact of individual corrections—such as wet tropospheric delay—on sea surface height
stability and drift estimates, offering a controlled environment to assess how processing choices influence long-
term performance metrics.

Recent updates incorporate the latest reprocessed Geophysical Data Record baseline G (GDR-G) products for
both Sentinel-3 and Sentinel-6MF. These reprocessings include improved retracking algorithms, updated sea
state bias corrections, and refined orbit solutions, resulting in reduced sea surface height anomaly (SSHA) noise
and improved inter-mission consistency. Comparisons with earlier baselines reveal small offsets at the millimeter
to centimeter level, underscoring the importance of continuous monitoring through tide gauge comparisons and
correction sensitivity analyses.

The ability within RADS to isolate and evaluate correction impacts—such as wet troposphere effects—provides
additional insight into sources of residual variability and supports refinement of processing standards. Together,
these approaches support mission requirements for long-term stability monitoring, ensuring that Sentinel-3A/B
and Sentinel-6MF meet the precision and consistency needed for sustained altimetric observations
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Abstract:

The Permanent Service for Mean Sea Level (PSMSL) is the internationally recognised global sea level data bank
for long term sea level change information from tide gauges, responsible for the collection, publication, analysis
and interpretation of sea level data. The PSMSL was founded 90 years ago, and today operates from the
Liverpool site of the UK’s National Oceanography Centre.

The PSMSL’s main product, a dataset of monthly and annual means from over 2000 locations worldwide
aggregated from over 200 suppliers, is a cornerstone in our understanding of changes in sea level over the past
two centuries. For our highest quality Revised Local Reference (RLR) dataset, we ensure the data can all be
referred to a fixed point on land, ensuring a consistent vertical reference frame is used throughout the record.
Also, where available, we provide information vertical land movement information from permanent GNSS
installations near each tide gauge, allowing users to link data to the ellipsoid, and compare our data to
measurements from satellites. We also provide sea level data measured directly from GNSS installations using
interferometric reflectometry and GNSS-IR data through our GNSS-IR data portal.

Here we introduce the PSMSL mean sea level dataset, ellipsoidal ties, and GNSS-IR, along with an overview of
the dataset's status and updates on our work over the past few years. We also discuss ongoing efforts to improve
the dataset and the quality of metadata we supply, and attempts to ensure they meet FAIR data practices
(Findable, Accessible, Interoperable and Reusable).
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Abstract:

ESA’s Earth Explorer CryoSat-2 (CS2), originally launched to monitor polar ice, has also demonstrated significant
value in observing oceanic changes related to climate variability. Within the framework of the CS2 Long-term
Ocean Data Analysis and Validation project, we present consolidated findings on the long-term quality and
stability of the CS2 Geophysical Ocean Products (GOP) Level-2 Baseline-D, covering the period from launch in
2010 to the present. This assessment is further extended to the CS2 TEMPO ocean product.

The objective is to evaluate the long-term quality and stability of Level-2 GOP parameters through comparison
with (i) concurrent in situ measurements (e.g. tide gauges, bottom pressure recorders, buoys), (ii) numerical
ocean models (e.g. Metocean, wave, and circulation models), and (iii) other satellite altimetry datasets via the
RADS facility (http://rads.tudelft.nl). In addition, we assess the impact of alternative orbit solutions on the
consistency, stability, and long-term performance of GOP geophysical parameters with respect to reference
altimeter datasets and Fiducial Reference Measurements.

Building on previous analyses performed for Baseline-C, we apply the same methodology to the recently
released Baseline-D. Particular attention is given to unresolved issues, including mode-dependent biases and
ascending—descending track differences, as well as to the evaluation of current models and implementations of
the ionospheric correction (IC) and sea state bias (SSB). The CAL/VAL analyses are also extended to high-
latitude regions (polar oceans), including the TEMPO product.

Key results for Baseline-D Low Resolution Mode (LRM) indicate an absolute sea level bias of -2.8 cm, and
negligible biases in significant wave height (-0.3 cm) and wind speed (0.3 m/s). Inter-mode biases are also
quantified. A residual timing bias in LRM is estimated at +0.100 ms, which is less than one third of that observed
for Baseline-C, corresponding to a ~0.3 cm north—south range bias between ascending and descending tracks.
The drift in absolute range bias is below 0.2 mm/yr when compared with Sentinel-3A, Sentinel-3B, and Jason-3,
confirming the long-term stability of the platform. Two years of Baseline-D LRM wave height and wind speed
analysis show that the optimised non-parametric sea state bias model does not significantly outperform the
current CLS implementation. Precise orbit determination analyses indicate close agreement with CNES orbit
solutions.

In conclusion, Baseline-D provides high-quality, consistent measurements with no evidence of degradation or
platform aging. Overall, the results demonstrate similar or improved performance relative to Baseline-C, while
resolving several previously identified issues.
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Abstract:

The SARAL mission was successfully launched on February 25th 2013. Its Ka-band altimeter, the first in orbit,
and dual frequency radiometer have been delivering high quality sea surface topography measurements since.
On July 4th, 2016 an orbit maneuver was performed to move the spacecraft to a new orbit where the satellite
altitude is no longer maintained, starting the so-called drifting phase. Following the loss of one of the platform’s
reaction wheels on September 13th 2014 and star tracker on February 3rd 2019, the pointing accuracy is
degraded from 2019 onwards.

We present the current mission performance status of the SARAL/AltiKa mission over ocean, based on the
analysis of the latest GDR version data (GDR-F).

The main objective of this study is to assess quality of the SARAL/AltiKa's product over the whole series. Several
Cal/Val metrics are presented to document data availability and overall mission performance. Cross-comparisons
with other altimetry missions show after 13 years in orbit, performance of SARAL/AltiKa is still excellent, despite
the pointing degradation.

The aim of this work is also to provide an overview of SARAL/AIltiKa’s data quality at different scales: climate,
mesoscales, high latitudes...

Corresponding author:
Sabine Philipps (CLS, France), sphilipps@groupcls.com

267 /314



OSTST abstracts’ book (2026-06-22)

Assessment of JPL and GSFC orbits for Sea Level
Anomaly of TOPEX, Jason, Sentinel-6 missions

Sabine Philipps (CLS, France); Pierre Prandi (CLS, France); Francois Bignalet-Cazalet (CNES, France)

Session: Regional and Global CAL/VAL for Assembling a Climate Data Record
Presentation type: Poster
Poster number: CVL2026_011

Abstract:

Since the launch of TOPEX/Poseidon in the early 90’s, more than 15 other Altimetry missions were launched and
operated by different agencies. Level 3 Copernicus Marine Service Sea level and C3S (Copernicus Climate
Change Service) needs up-to-date and homogeneous time-series to build the global mean sea level. This need
is addressed in the frame of the SALP (Service d’Altimétrie et de Localisation Précise) project supported by
CNES (Centre National d’Etudes Spatiales), cooperation agreement with EUMETSAT in the frame of the
Copernicus Program funded by the European Union and Copernicus Marine Service, where all missions are
inter-calibrated and use as much as possible homogeneous up to date corrections.

The last version of multi-year L3 along-track products is using the delayed time 2024 standards. To prepare for
the next standard release (delayed time 2029), new versions of corrections used for the Sea level anomaly must
be assessed. Hereafter we look at the orbit solutions of several production centers for the reference missions.

For the delayed time 2024 standards, POE-F orbit solution from CNES was used for the majority of missions. In
the meantime, new solutions such as CNES POE-G, GSFC Std2400 or JPL orbit solutions based on ITRF2020
became available for several missions. Comparison between POE-G and POE-F solutions are already presented
in Courcol et al. ("Overview of the Impact of POE-G Reprocessing Campaigns on Ocean Cal/Val"), hereafter we
assess GSFC and JPL orbit solutions.

We provide an overview of the orbit performances on mesoscale, but also their influence on the longterm
evolution and stability of the GMSL trend. Furthermore, we look on the regional differences during the
commissioning phases of the reference missions.

Corresponding author:

Sabine Philipps (CLS, France), sphilipps@groupcls.com

268/314



OSTST abstracts’ book (2026-06-22)

Global Ocean Data Quality Assessment of Jason-3's
GDR products

Benjamin Flamant (CLS, France); Jérome Coquelin (CLS, France); Pierre Prandi (CLS, France); Cyrille
Boulanger (CNES, France); Francois Bignalet-Cazalet (CNES, France)

Session: Regional and Global CAL/VAL for Assembling a Climate Data Record
Presentation type: Poster
Poster number: CVL2026_012

Abstract:

From TOPEX/Poseidon to Sentinel-6 MF, a long record of high-precision ocean altimetry data has been acquired
over the same historical ground track. From 2016 to 2022, Jason-3 served as the reference mission before
transferring its role to Sentinel-6 MF. A first tandem phase between Jason-3 and Sentinel-6 MF was conducted
between Dec 2020 and Apr 2022, enabling the accurate calibration of Sentinel-6 MF. In the first semester of
2025, a second tandem phase was carried out to prepare the transition to future missions, after which Jason-3
was moved to a derivative orbit where it continues to contribute to ocean observation. Throughout its extended
mission, Jason-3's exceptional instrumental stability has made it a key asset for the continuity and consistency of
the long-term altimetry record.

Thanks to the CNES SALP (Service d'Altimétrie et Localisation Précise) project, CLS performs the long-term
monitoring of the Jason altimetric missions on behalf of CNES. This activity provides a continuous estimate of
mission performances for oceanic applications, including climate studies. As TOPEX, Jason-1, Jason-2, Jason-3
and Sentinel-6 MF have all served as reference missions in both operational applications and delayed-time
studies — particularly for Global Mean Sea Level (GMSL) monitoring — particular attention is paid to the long-
term stability of their GMSL estimates.

This presentation reports on the global ocean data quality assessment of Jason-3 GDR products. The monitoring
covers essential mission performance metrics: availability and validity, altimeter parameters (range, SWH,
sigma0, wind speed) and radiometer-derived variables. Performance assessment relies on mono-mission
crossover analysis and along-track statistics, and compares the performance of real-time and delayed-time
products (OGDR, IGDR, GDR). Instrumental ageing is carefully tracked to ensure the reliability of the data for
climate-quality applications. The mission's stability is assessed across two orbit changes, providing a unique
opportunity to evaluate the continuity of the measurements through significant orbital transitions. The
implementation of the GDR-GO01 processing standards at the beginning of 2025 — shared with Sentinel-6 MF to
ensure inter-mission homogeneity — is thoroughly evaluated, including its impact on altimeter and radiometer
variables. The second tandem phase with Sentinel-6 MF, conducted over the first semester of 2025, is also
exploited to provide a precise inter-mission assessment and to validate the consistency of the two-mission record
under the new processing standards. Finally, the long-term stability of the GMSL derived from Jason-3 and its
consistency with the broader TOPEX/Jason/Sentinel-6 reference record are examined.
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Abstract:

From TOPEX/Poseidon to Sentinel-6 MF, a long record of high-precision ocean altimetry data has been acquired
over the same historical ground track. From 2016 to 2022, Jason-3 served as the reference mission before
transferring its role to Sentinel-6 MF. A first tandem phase between Jason-3 and Sentinel-6 MF was conducted
between Dec 2020 and Apr 2022, enabling the accurate calibration of Sentinel-6 MF. In the first semester of
2025, a second tandem phase was carried out to prepare the transition to future missions, after which Jason-3
was moved to a derivative orbit where it continues to contribute to ocean observation. Throughout its extended
mission, Jason-3's exceptional instrumental stability has made it a key asset for the continuity and consistency of
the long-term altimetry record.

The extended comparison between Jason-3 and Sentinel-6 MF across two tandem phases revealed systematic
SWH differences, particularly for values in the 0—1 m range showing up to 5cm of bias, leading to the decision to
allow negative SWH values in Jason-3 products, consistent with the Sentinel-6 operational processing approach.
These negative values are statistically meaningful: they represent the lower tail of the SWH distribution for low
sea states, and their exclusion introduces an artificial positive bias in the low-SWH regime.

This presentation assesses the improvements brought by the adoption of negative SWH values and the
dedicated SWH bias correction, and details the methodology employed to derive this correction.
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Abstract:

The new Sentinel-3 baseline collection BC006 (also known as G62) has been recently released by EUMETSAT.
While zero padding, a new waveform classification and a “magic window” are mostly introduced to meet the
CMEMS requirements for polar activities, other important changes are aimed at ensuring long-term stability and
consistency in open oceans, correcting some behaviors observed during the validation of BC005. These changes
are fast time complex calibration, use of Samosa+, vertical wave motion corrections and new sea state bias
corrections to correct for the meridional wind effect. In addition, the latest GDR-G standards are introduced in
coordination with the reference missions Sentinel-6A (S6A) and Jason-3 (J3).

This analysis is based on a pre-operational Sentinel-3A (S3A) test dataset that covers the period from mid-2020
to mid-2022. The diagnostics used in the study are time series, global maps and power density spectra. The main
variables of interest in open ocean are range, backscatter coefficient, wave parameters and sea level anomaly.
BCO006 performance is tested against BCO05 and compared to the reference missions (including crossover
analysis); differences between acquisition modes (SARM and PLRM) are also evaluated.

Overall, BCO06 improves S3A performance over open ocean, besides a small degradation at mesoscale (10-
100km) observed in the significant wave height (SWH) spectra and due to the new spectral weighting window.
The major improvements are reduction of range noise over high sea conditions, removal of discontinuities from
SWH observations, better alignment between SARM and PLRM and between S3A and the reference missions
S6A and J3, and the reduction of ascending/descending inter-mode track bias due to along-track wind effects.
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Abstract:

The Sentinel-3 Next Generation Topography (S3NGT) mission is designed to ensure the continuity of the existing
Copernicus Sentinel-3 nadir-altimeter measurements from 2030 to 2050 while also improving measurement
capabilities and performance. This mission consists of two large spacecrafts equipped with an across-track
interferometer swath altimeter (SAOOH), a synthetic aperture radar (SAR) nadir altimeter (Poseidon-5 (POS-5)),
a multi-channel microwave radiometer, and a precise orbit determination suite. The SAOOH instrument builds
upon the swath altimetry advancements pioneered by the Surface Water and Ocean Topography (SWOT)
mission, launched in December 2022 with the KaRIn instrument. However, the SAOOH instrument differs from
KaRln in several key aspects, including a shorter baseline (3 m instead of 10 m) and a different Signal-to-Noise-
Ratio (SNR) of the antenna compared to SWOT/KaRlIn's. Given these differences, it is imperative to pay utmost
attention to the performance of the SSNGT mission before its launch to ensure its success.

To conduct this work, the ESA-supported S3NGT preliminary mission performance and uncertainty assessment
(SSNGT-MPUA) study was launched in May 2023. One of the objectives of the study is to conduct a preliminary
assessment of the performance of SSBNGT Level-2 products before the mission's launch. This assessment
focuses on ocean surfaces and inland waters. To achieve this, we first developed a strategy to generate S3NGT-
like data. For ocean surfaces, we employed a strategy that utilized inflight data from the SWOT mission (level-3
products) to create a first dataset and an Ocean General Circulation Model (OGCM) to simulate S3NGT-like data
for a second dataset. We introduced S3NGT-specific instrumental uncertainties into the OGCM data and SWOT
inflight level-3 data using a scientific simulator developed by ODL. These two complementary approaches
provide respectively lower and upper bounds of S3NGT performances. For inland waters, we developed a similar
strategy to generate SSNGT-like data from SWOT L2 Pixel cloud products, incorporating specific SSNGT
uncertainties. All these three SWOT-derived datasets are examples of applications of SWOT data and help gain
knowledge in swath altimetry. This activity also included defining key metrics to describe the mission’s
performance for several variables including sea surface height, sea state, systematic errors, and inland water
surface elevation. We evaluated these metrics with our generated SSNGT-like data and compared these results
to the S3NGT Mission Requirements Document (MRD). This approach provides valuable insights into the
expected capabilities of SBNGT products and highlights areas where the mission design can be refined to meet
operational requirements.

Another key objective for the study is to evaluate options for in-orbit calibration of the S3NG-TOPO mission. This
includes methods such as using orbit crossovers to correct for known systematic errors in water elevation over
the ocean and inland water bodies. The evaluation must consider the different latencies of the S3NG-TOPO
products. Indeed, given the stricter latency requirements for the SBNG-TOPO mission than for SWOT, the
number of available orbit crossovers for cross-calibration measurements is limited.

This study successfully established a robust methodology to evaluate the anticipated Level-2 performance of the
future SBNG-T mission by generating proxy datasets derived from SWOT in-flight data and OGCM simulations.
By simulating data that mimics the mission's future geometry and noise characteristics, the study confirms that
the proposed system is well-positioned to meet its primary scientific objectives.
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Abstract:

The model ionospheric correction missions relies on GNSS derived global ionospheric maps which provide
estimates of the Total Electron Content (TEC) and models (eg IRI95) for the vertical density distribution. Although
widely used, these models introduce regional biases and temporal variations that can compromise the long-term
stability of sea-level altimetric time series when compared to dual-frequency ionospheric correction retrievals.

Dettmering and C. Schwatke (2023) compared several approaches to reduce the plasmaspheric contribution in
GNSS-based ionospheric corrections and demonstrated that applying a constant scaling factor provides the most
stable long-term sea-level estimates compared to bi-frequency ionospheric correction as reference.

In this context, as part of the CNES project, a variant of this method is currently under development. Its objective
is to preserve the advantages of long-term trend stabilization while maintaining robust performance at mesoscale
resolution.
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Abstract:

The Global Mean Sea Level (GMSL) has been measured with radar altimetry satellites since October 1992 on
the same orbit with the series of TOPEX/JASON-1/2/3/SENTINEL-6 MF missions. This indicator is a natural
integrator of climate change with two main contributions: a steric effect due to ocean heat uptake and salinity
variations; and a barystatic effect resulting from additional mass from ice melt.

Ensuring the long-term stability of the GMSL record is mandatory to disentangle physical signals from
measurements artifacts. This becomes even more important as new recommandations for long-term stability
have been established by the scientific community for both global and regional trend uncertainties with a 10-year
period (Meyssignac et al. 2023): tackling upcoming science questions will require an altimeter record stability
lower than 0.1 mm/yr (currently ~0.3 mm/yr (Guerou et al. 2023)).

To match these requirements, correcting for all known errors is mandatory.

Sigmao is a second-order contributor to the GMSL estimation, through its impact on the Sea State Bias (SSB)
correction. The Sigma0 estimation in the L2 processing is based both on the 20Hz amplitude of the tracked
waveform estimated by the retracker, and the emitted and received power via the so-called “scale factors”. The
computation of the scale factors requires precise knowledge of the on-board analogical gain control (AGC). The
current processing uses the first in-orbit validation (I0OV) data as reference to estimate those scale factors. In
2022, a study (Bignalet-Cazalet et al.) showed the existence of drifts in the amplification gain applied on sigma0
retrieval.

This talk presents the impacts of this instrumental drift at both global and regional scales in Jason-1/2/3
geophysical data (wind speed and sea level topography). The use of in-flight calibrations allows to define a
correction on the sigma0 measurement that will be used in GDR-G ground segments for all three missons. The
impact of such a correction on the individual GMSL of each mission is a drift of 0.06 mm/yr on Jason-3, 0.03
mm/yr on Jason-2 and 0.015 mm/yr on Jason-1. Finally, the impact on the reference GMSL (since 1993)
parameters (trend & acceleration) will be presented.
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Abstract:

Knowledge of the characteristics of wind-generated waves, sea and swell, are important for ocean, climate and
coastal engineering applications. They impact the processes of sea ice dynamics, air-sea fluxes, sediment
transport and water levels. Recent new climate data records from the Sea State Climate Change Initiative (CCl)
include the first processing of images from Sentinel-1 interferometric wide-swath (IW) mode. This product
provides values of significant wave height (SWH) and wave period for windsea and swells, for each 250 x 250 km
2-dimensional imagette processed. Spatial resolution within each imagette is approximately 5 x 5 km. Validating
and exploiting these abundant 2D data fields is challenging, as in situ wave buoys provide time series only at a
single location and calculate the wave spectrum through a time integration. Furthermore, nadir altimeters
measure along 1D tracks on a variety of orbital paths, thus limiting the number of data matches with the 2D
Sentinel-1 data. To address this issue, 2D SWOT L2 LR data are employed (SWH at 2 km resolution) and L3
Wind Wave products (SWH and dominant wavelength of long-period waves at 5 km) are compared to the Sea
State CCI Sentinel-1 data product. By comparing different two 2D wave products, spatial agreement between
them can be assessed where spatiotemporal overlap occurs, and this can be further used to study the coastal
variability of waves during 2023. The aim of this work is, for the first time, to develop a validation method using
observed fields of data for the Sea State CCl Sentinel-1 product for wind waves and swell.
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Abstract:

Consistent long-term sea state information is needed for coastal adaptation, offshore engineering, marine energy
production, and marine security, but also to constrain modern global wave reanalysis, which often suffer from the
assimilation of uneven dataset. In this context, the European Space Agency is funding the Climate Change
Initiative program, which aims at reprocessing historical and current Earth Observation missions in order to
produce consistent long term records of Essential Climate Variables (ECV). Indeed, the sea state ECV has been
routinely monitored from space with radar altimeters and synthetic aperture radar imagers over more than three
decades. Over this period of time, mission designs and technology have evolved alongside climate forcings, and
the production of seamless multi-mission and multi-sensor climate data record has become more and more
challenging. In the version 5 dataset of the Sea State CCI project, significant wave height records from 16
satellite altimetry missions (from ERS-1 to SWOT) have been carefully edited and bias-corrected in order to
ensure consistency across all altimeter missions and instruments (inter-calibration), and between altimeter and in
situ measurements (absolute calibration). This new altimeter dataset represents to date the longest continuous
global wave Climate Data Record and we will introduce it at the 2026 Ocean Surface Topography Science Team
meeting. Significant wave height statistics will be analyzed in details to examine the long-term consistency and
variability of sea states at global and regional scales. Comparisons with three widely used dataset - the
Australian Intergated Marine Observing System (IMOS) altimeter dataset, the Ifremer WW3 hindcast and the
ECMWEF ERA-5 reanalysis - will provide further insights into the robustness of this long-term Earth Observations
records and its added value for investigating muti-decadal sea state variability.
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Abstract:

Near-real-time satellite observations are a valuable resource to understand surface ocean dynamics. While at
sea, they provide essential information on the current evolution of the sea state and thus allow for adapting the
sampling strategy. This can be particularly useful while targeting fine-scale (small and short-lived) dynamics of
the ocean. Based on a 15-year experience, the operational AdaC service, now operated by SNO CTOH, was
developed and set up during the SWOT-AdAC experiment (SWOT “Adopt-A-Crossover”, https://www.swot-
adac.org/). The AdaC service aims at supporting oceanographic cruises by providing a daily «oceanic bulletin »
based on the automated analysis of multi-sensor satellite data. In 2023, about 15 in-situ campaigns benefited
from the AdaC service to help sampling fine-scale dynamics and participate in the Cal/Val activities of the SWOT
mission. Since this successful experiment, the AdaC service is supported by P6le ODATIS and offered, via the
French Oceanographic Fleet « Appel d’Offre » to any national oceanographic campaign that would request it,
and occasionally to few fine-scale focused international campaigns . Prior to the campaign, the cruise team
choses the types of publicly available satellite data and derived products to be used in their analysis. During the
campaign, a unique « oceanic bulletin » is directly sent by email on-board, gathering all the daily satellite-based
images. The bulletin is automatically produced by the SPASSO software, that downloads satellite data and
computes some altimetry-derived diagnostics (Rousselet et al., 2025). Indeed the near-real-time surface velocity
fields, derived from altimetry, are used to compute some Lagrangian value-added products allowing for the
identification of some fine-scale physical features (eddies, filaments, front). All the data can be retrieved via a
FTP access made available by Aviso+. Here, we present the basic functioning of the software, the satellite and
derived products (Lagrangian) available in the daily « oceanic bulletin », as well as the procedure to request the
AdaC service.
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Abstract:

The recent launch of Sentinel-6b offers the possibility of continuing global mean sea level (GMSL) monitoring well
into the next decade. In this presentation we report Sentinel-6a/b inter-mission bias estimates based on direct
sea surface height (SSH) collinear differences of near coincident measurements during the verification phase,
and with comparisons to a global network of tide gauges. In an effort to provide a more consistent SSH time
series and seamless transition to Sentinel-6b, we have generated GSFC std2400 orbits (Lemoine et al., 2026) for
the entire time span based on the revised ITRF2020 terrestrial reference frame. We report the efficacy of
correction algorithm revisions leading to the development of the NASA-SSH V6.1 along-track sea surface height
Climate Data Record. We provide an assessment of recent improvements to the accuracy of the 33+ year sea
surface height time series, describe continuing calibration/validation activities, and evaluate the subsequent
impact on current global mean sea level estimates, and the accounting of the ocean mass budget.
Corresponding author:

Brian Beckley (ERT Inc./NASA GSFC, United States), brian.d.beckley@nasa.gov

278 /314



OSTST abstracts’ book (2026-06-22)

Sentinel-6 MF : GO1 Reprocessing Calval
Assessment

Francois Bignalet-Cazalet (CNES, France); Bastien Courol (CLS, France); Thomas Krzemien (CELAD,
France); Emeline Cadier (CLS, France); Gaspard Minster (CLS, France); Pierre Prandi (CLS, France); Victor
Quet (CLS, France); Matthias Raynal (CNES, France); Claire Maraldi (CNES, France); Salvatore Dinardo

(EUMETSAT, Germany); Cristina Martin-Puig (EUMETSAT, Germany); Carolina Nogueira Loddo (EUMETSAT,
Germany); Remko Scharroo (EUMETSAT, France)

Session: Regional and Global CAL/VAL for Assembling a Climate Data Record
Presentation type: Poster
Poster number: CVL2026_023

Abstract:

The Sentinel-6 mission is a collaborative effort under the Copernicus program, implemented and co-funded by
the European Commission, ESA, EUMETSAT, NASA, and NOAA. Since the launch of the Sentinel-6 Michael
Freilich (MF) satellite on 21 November 2020, the PDAP Processing Baseline (PB) has been updated multiple
times following commissioning activities. The 2025reprocessing campaign of the Sentinel-6 MF NTC products,
using the new PB GO1, covers the complete mission.

The goal of this work is to provide a comprehensive overview of the GDR-GO01 calibration and validation (Cal/Val)
status for both scientific research and operational applications. The analysis relies on 1 Hz ocean altimetry data
and addresses several key aspects: the data coverage and measurement validity, the evaluation of the impact of
updated models, the derivation of geophysical parameters from altimeter and radiometer measurements and the
stability of the sea level measurement. Furthermore, the validation assesses the impact of reprocessing on
mission performance, including GMSL, crossovers and comparisons with Jason-3 during the tandem phase.
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Abstract:

High-latitude surface water dynamics are complex, fast, and driven by snow, ice, and permafrost. Modeling
efforts that look to understanding the mechanisms, and to predicting the variability due to natural processes and
climate change, often lack the basic hydraulic measurements, and the frequency of current observations are
spatially and temporally poor. Satellite altimetry missions serve both the science and applied science sectors,
and each mission contributes to the archive of global measurements.

The ICESat-2 ATLAS laser altimeter system is recording surface elevations to +88° latitude, monitoring surface
water levels across all seasons, and with an unprecedented along-track spatial resolution. The ground-track
density, particularly at high latitudes, and the simultaneous operation of 6 lasers, also offers an increase in spatial
coverage compared to other profiling altimeters. While elevation is the primary parameter, the river-reach bank-
to-bank super-elevation (surface gradient) and the flow direction river channel gradient can be derived. For water
of a particular clarity, the water depth can also be retrieved. The SWOT mission contributes a nadir-altimeter to
the current operational suite, plus the swath-based KaRIn instrument. With a spatial resolution that is finer than
the profiling radar altimeters, and an ability to record simultaneous elevation and extent (or width) measurements,
KaRlIn also has advantages. Both ICESat-2 and SWOT-KaRIn therefore are helping to supplement, enhance and
cross-validate, the measurements from the suite of profiling radar altimeters.

Here, we look to lakes and river reaches within the State of Alaska, and the southwest and northwest areas of
the Yukon and British Columbia Provinces respectively. Here, gauge deployment is sparse. While water
dynamics (e.g., investigating the changes in channel morphology or assessing the complexities within large,
braided, river reaches) are of scientific interest, the monitoring of water elevation and status (ice to water
transitions) are important for analyzing flood risks. Such flood events have the potential to effect downstream
communities, damage infrastructure, and delay the transport of goods. Observation of superelevation (bank-to-
bank surface gradient) and depth are useful parameters for post-flood analysis and for assessing general
changes to water resources and ecological conditions. The monitoring of lake extents and river widths also
serves in the reconstruction of lake hypsometry and contributes to the determination of river discharge.

Both ICESat-2 and SWOT supplement the profiling continuity radar instruments by providing measurements at
high latitudes and on a more global coverage. The quantity and quality of the ICESat-2 and SWOT-KaRlIn
parameters though needs to be fully explored with careful consideration given to mission time spans, mission
continuity, and speed of dataset availability. These must be assessed before local and government stakeholders
adopt the new satellite observations and integrate these high-latitude parameters into their current decision
support systems that often have operational capability. Here, emphasis is on a wide range of lake types including
glacial lakes prone to ice dams, a series of small shallow lakes within an Arctic National Wildlife Refuge, and the
large lakes along the Aleutian Peninsula. Where available, measurements from Sentinel-3, Sentinel-6 and the
SWOT-NA, together with ground sources, serve as cross-validation sources. All Level 3 profiling and swath-
altimeter products are being posted at the NASA Global Water Measurements portal
(https://blueice.gsfc.nasa.gov/gwm).
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Abstract:

Quantifying changes in the Arctic freshwater budget is fundamental to understanding ongoing shifts in ocean
circulation, sea-ice dynamics and regional climate. However, despite increasing availability of satellite and in situ
observations, inconsistencies in variable definitions, processing approaches and uncertainty characterisation
continue to limit the comparability and scientific utility of freshwater-budget estimates. Within the ArcFresh
project, we address this challenge by applying a metrological perspective — centred on rigorous definition of the
measurand — to each component of the Arctic freshwater system and to the budget closure problem as a whole.

A central activity of the project has been to interrogate what, precisely, is being measured or inferred for each
term in the freshwater budget. For river discharge, glacier discharge (including surface melt, subsurface melt and
solid ice export), evaporation minus precipitation, and ocean-gateway transports, we developed explicit
measurand statements that specify the physical quantity, the integration domain, the temporal
representativeness, and the assumptions linking observations to the target quantity. These definitions provided a
structured foundation for harmonising heterogeneous datasets and highlighted where implicit assumptions
introduce unrecognised uncertainty.

To support this, we constructed detailed uncertainty-tree diagrams for each parameter, mapping sources of
uncertainty from fundamental measurement processes to the final derived quantity. This analysis revealed both
shared and component-specific drivers of uncertainty.

The metrological framework was extended to the budget closure term itself. By combining altimetry-derived
surface-height changes with gravimetry-derived mass changes, we define a measurand for the residual steric
component of the freshwater budget. In the Arctic context, this residual can be interpreted predominantly as a
salinity-driven halosteric signal. Here too, explicit measurand definition clarified the assumptions linking observed
height and mass to freshwater content and enabled construction of a corresponding uncertainty tree that
captures both satellite-mission uncertainties and methodological contributions such as spatial interpolation,
temporal alignment and reference density choices.

This work has been carried out following the QA4EO Five Steps, ensuring traceability, uncertainty quantification,
validation, documentation and accessibility of all derived quantities. The application of these principles has
demonstrated that measurand definition is not a formalism but a practical tool for improving scientific
transparency, comparability and ultimately the reliability of Arctic freshwater-budget assessments.
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Abstract:
The new Sentinel-3 baseline collection BC0O06 (also known as G62) has been recently released by EUMETSAT
to meet the Copernicus Marine Services (CMEMS) requirements for polar activities.

The main changes in the second release of BC006, aimed at improving the performance over polar oceans and
the continuity between leads and open ocean, are the introduction of a new spectral weighting window, the use of
a new neural-network (NN) -derived waveform classification and waveform zero padding; a dedicated sea level
anomaly (SLA) variable for polar oceans is also specifically added to the products. At the same time, other
changes, like new sea state bias correction, new calibration scheme and vertical wave motion correction, are
meant to ensure great performance in the open ocean. The latest GDR-G standards were also introduced in the
first release of BCOO06 in coordination with the reference missions Sentinel-6A and Jason-3.

This analysis is based on a pre-operational Sentinel-3A (S3A) test dataset that covers the period from mid-2020
to mid-2022. The diagnostics used in the study are time series and regional maps in both hemispheres,
computed for the count of detected leads, SLA mean and SLA variance, and histograms of the bias between
leads and open ocean. BC006 performance is tested against BC005, and S3A is compared to the cryosphere
reference missions CryoSat-2 and SARAL/AltiKa.

This study shows that BC0O06 is more conservative in detecting leads due to the NN waveform classification; the
number of false positives is significantly reduced, but in parallel alternative lead-detection approaches with the
same classification are under study by EUMETSAT. In addition, with the new baseline the previously observed
SLA spikes near coastlines and at the edges of sea-ice-covered areas are significantly reduced, S3A SLA
geographical patterns are more coherent with the cryosphere reference missions, SLA variability is reduced by
waveform zero-padding, and the bias between leads and open ocean is mitigated by the new “magic window”.
Overall, BCO06 shows significant improvements in S3A performance over polar oceans, including improved sea-
level continuity between open-ocean and polar regions, addressing CMEMS requirements for both the Arctic and
Antarctic oceans.
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Abstract:

Satellite altimetry serves as the backbone for the large-scale retrieval of sea ice thickness. Traditional pulse-
limited altimeters usually have relatively coarse resolution, while modern ones provide much improvements with
delay-Doppler and fully-focused treatments. Although significant progress has been made to our understanding
of the observed radar waveforms, there still exist significant uncertainties in the retrieved sea ice elevation and
freeboard. In particular, physical waveform models are not well constrained by observed waveforms due to
unknown surface type, topography, and microwave scattering properties. In this study we construct realistic,
meter-scale topography of the sea ice, and analyze the scale-dependency of the modeled waveform, as well as
the consistency with CryoSat-2 observations. Specifically, we construct the ice surface topography using the
collocating track between Operation IceBridge and CryoSat2 in March, 2013. Results indicate converging
behavior of the modeled waveform (stack) at 1~2 meter scale, providing the potential for parameter calibration of
the waveform model. Related issues such as the snow cover of the sea ice and SAR image-assisted analysis,
are also discussed.
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Abstract:

The Surface Water and Ocean Topography (SWOT) mission, launched in December 2022, opens new
perspectives for satellite altimetry. It enables high resolution observations of inland waters and oceans, resolving
ocean structures at spatial resolutions below 100 km. The mission’s primary instrument, the Ka-band Radar
Interferometer (KaRIn), acquires measurements over two 50-km-wide swaths separated by a 20 km nadir gap.
Two product families are available: a low rate (LR) product, offering products with a 2 km (smoothed) or a 250 m
(unsmoothed) resolution, and a high rate (HR) product with resolutions of about 100m. While LR data is
continuously available, HR data, designed mainly for hydrology, is only available on sea ice on a winter seasonal
mask (from December to March), over a part of the Canadian Arctic.

Preliminary LR and HR results over Arctic sea ice, up to 78°N, for both scattering and topography products,
reveal promising capabilities for the characterization of floes and leads [1]. The availability of the HR winter mask
provides a unique opportunity to compare HR and LR data and to evaluate the relevance of HR. This is
especially relevant for the future Copernicus mission Sentinel-3 Next Generation Topography (S3NG-T) that will
provide nadir and swath (LR and HR) altimetry measurements over the whole globe up to latitude 81.5°, with the
cryosphere included among its primary scientific objectives.

We conducted two exploration studies using HR data, systematically comparing the results with LR products.
First, we developed an HR classification inspired by the LEGOS LR scheme [2, 3], aimed at identifying major
surface features such as floes and leads. Sea ice classification is a crucial step for estimating seaice
concentration, eventually, deriving the freeboard and sea ice thickness. Second, we estimated seaice drift using
a crossover-based algorithm adapted from the work of Muckenhuber for the Sentinel-1 mission [4], that we
applied to both LR and HR SWOT-SWOT intersections. Although the resulting drift fields have sparser spatial
and temporal sampling compared to existing models, they offer unprecedented resolution and demonstrate the
potential of SWOT-derived products, and future swath altimetry missions, for polar applications.
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Abstract:

CRISTALair is an airborne radar altimeter developed and commissioned within an ESA activity as a demonstrator
for the Interferometric Radar Altimeter for Ice and Snow (IRIS), the primary payload of the Copernicus Polar Ice
and Snow Topography Altimeter (CRISTAL) mission. CRISTAL is one of the six Copernicus Expansion Missions
designed to address evolving European Union policy priorities and emerging Copernicus user needs. It will be
the first spaceborne mission to carry a dual frequency (Ku and Ka band), high pulse repetition frequency radar
altimeter, enabling enhanced observation of polar ice and snow properties. The primary objective of CRISTALair
is to support CRISTAL scientific activities by providing dual frequency Level 1B data acquired during dedicated
airborne science campaigns. These datasets are intended to underpin the validation of Level 2 geophysical
retrieval algorithms, improving the scientific readiness of the CRISTAL mission prior to launch and supporting the
Cal/Val activities in the Routine Operational Phase.

CRISTALair acquires data simultaneously in Ku- and Ka-band and is an interferometric radar in both frequency
bands. The instrument operates at a bandwidth of 1 GHz performing correct sampling of the full bandwidth and
has a 10 kHz Pulse Repetition Frequency. To improve CRISTALair’s interferometric performance, the instrument
is mounted on a stabilized platform. Additionally, CRISTALair is equipped with a high precision IMU, an airborne
laser scanner and a colour-infrared digital camera to support data validation and interpretation. Further, two
corner reflectors have been developed for CRISTALair to support the validation activity.

CRISTALair’s L1 ground processor generates L1B products with the same format and processing modes as
envisaged for CRISTAL, namely low resolution, Delay/Doppler and fully-focused Ku and Ka waveforms. This
ground processor is open source.

In September 2025 the CRISTALair’s Functional Flight Campaign was performed in Iceland and Greenland, with
data acquisition flights on the 14th and 20th in the Akureyri area (Iceland) and a two-day Greenland survey
between 16th and 17th. The Akureyri flights included acquisition over corner reflectors, inland water systems,
fiords and airport buildings, while the Greenland flights demonstrated operations over open ocean, land ice, and
different types of sea ice. A full set of data over sea ice, land ice, ocean and corner reflectors were collected from
all the instruments (i.e. radar altimeter, laser scanner and camera).

In total, 11 Terabytes of raw data have been acquired and are being processed up to Level1 to be ready for their
exploitation for validation purposes. In this presentation an overview of the available data will be given and the
ESA data sharing policy of this data will be summarized, for the benefit of the whole community involved in
CRISTAL science and applications.
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Abstract:

CRISTALair is the airborne demonstrator for the future CRISTAL mission, and essentially consists of a multi-
sensor platform including a full interferometric Ku/Ka nadir radar, a laser scanner, and a multispectral camera. In
order to achieve its qualification, between 2025 and 2026 the instrument has undergone a set of validation tests
in order to verify its expected performances and key design features. The collection of in-field campaigns
included three test flights in ltaly, over inland waters, and a Functional Flight Campaign held between Iceland and
Greenland in September 2025. Corner reflectors acting as point target references were deployed during all the
campaigns. The aim of the flights was double: to provide a full characterisation of the system in flying conditions
and to demonstrate system performance under target scenarios such as sea ice, land ice and ocean. In this
contribution we will first provide a description of the different campaigns and the associated instrumental setups.
Following to that, the calibration procedures to ensure proper range, sigma0 and angle of arrival measurements
by the radar interferometer onboard will be introduced. Finally, the procedures to demonstrate the compliance of
the main requirements will be presented, together with the associated results for the different kind of scenarios
and flying conditions.
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Abstract:

CRISTALair is a multi-sensor system aimed at enabling an integrated airborne platform specially designed for
cryosphere observations, with an ultimate aim to provide support for CRISTAL validation and science-related
activities. The CRISTALair instrument consists essentially of three instruments: (1) a dual Ku/Ka full coherent
interferometric nadir radar, (2) a laser scanner, and (3) a both multi-spectral and panchromatic camera. The full
set of three types of sensors lays over a stabilised platform that also hosts the navigation units (IMU and GNSS
receiver). The CRISTALair project also includes the ground processors of the different elements able to generate
Low Resolution, High Resolution (Delay-Doppler) and FFSAR (Fully-Focused SAR) products for the radar
acquisitions, DEM maps from the laser and geolocated images from the camera. Due to its multi-instrument
nature, CRISTALair has a high degree of self-calibration possibilities and paves the path for the development of
future Earth observation techniques combining Ku/Ka bands with high range resolution capabilities (thanks to its
1GHz bandwidth) and sub-meter along-track resolution. In this contribution, we will provide a description of the
instrument and present the different test flights and campaigns undergone to qualify the full instrument,
highlighting the performances achieved in view of a full system qualification by Spring 2026.
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Abstract:

CRISTALair is the airborne demonstrator for the future CRISTAL mission, and essentially consists of a multi-
sensor platform including a full interferometric Ku/Ka nadir radar, a laser scanner, and a multispectral camera.
The main role of the laser scanner is to provide complementary range measurements for validation of the radar
range measurements. For such purpose, the laser scanner was selected so as to provide optimal measurements
over sea ice, land ice and water. The laser scanner was first employed alongside CRISTALair in the Functional
Flight Campaign in Iceland and Greenland in September 2025. In this contribution we will provide an overview of
the measurements undertaken and the procedures done to calibrate the instrument. We will also report on the
results of the cross-comparisons with the radar over different kinds of surfaces, which have been key to
demonstrate the CRISTALair radar performances.
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Abstract:

Launched in 2010, the European Space Agency’s (ESA) CryoSat mission was the first polar-orbiting satellite
flying a SAR Interferometric altimeter dedicated to the cryosphere, with the objectives to monitor precise changes
in the thickness of polar ice sheets and floating sea ice. After 16 years in orbit, CryoSat remains one of the most
innovative radar altimeters in space and continues to deliver high-quality data, providing unique contributions to
several Earth Science and applications domains.

The CryoSat products portfolio comprises as first the long-term quality controlled and fully calibrated data Ice
Products and Ocean Products. Starting from the numerous CryoSat-based studies that have been carried out
over the last decade to optimize geophysical retrievals in ice-covered regions and over rivers and lakes, the
Cryo-TEMPO operational framework to generate thematic products was established. The main objectives of
Cryo-TEMPO are to enrich the CryoSat data portfolio and to enable the full scientific and operational exploitation
of CryoSat data. At today Cryo-TEMPO provides easy-to-use products optimized for various thematic domains—
the polar and coastal ocean, sea ice all round year, snow depth, inland waters, land ice and glaciers - including
traceable uncertainties.

Here, we report on the current mission status and new products, including the ICE BaselineF planned to be
transferred to operations in July 2025, and show recent scientific achievements. Moreover, considering that the
CryoSat mission has been extended until the end of 2028 with the scope to extend the current data record,
making CryoSat de-facto the reference mission for the cryosphere, we present future challenges in polar and
inland water altimetry.
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Abstract:
While attempting to model lakes volume variations from the combined use of imagery (S1,S2) and nadir altimetry
(S3) we experienced very chaotic results over some multi-part lakes, mainly related to water surface elevation
(WSE) measurements. We came up with the several hypotheses to explain this

« failure of the retrackers,

« off-nadir measurements due to snagging (due to calm water areas or larger water areas providing a higher
backscattering)

« different WSE values in the different parts of such multi-parts lakes.
Concerning the 3rd bullet, due to the sparse documentation (and most of the time the absence of any
documentation) concerning the water height regulation between these lakes parts, at dams level, we decided to
investigate this issue thanks to the synoptic measurements provided bu the SWOT PIXC measurements.
Indeed the PIXC provide WSE at all of the parts of a multi-parts water body.
We computed the median WSE at each static polygon within the multi-polygon that defines the water body.
Additionally we also computed the dispersion of the measurements using the MAD.
The figure below illustrates our first results, without applying any flag-based editing, showing in many cases that
the various parts of a multi-parts lake are indepdendent from each-other, indicating that the parts are regulated
independently. We found explanations for that, in some cases a part of a lake is used for agricultural purposes, in
other cases they are biodiversity reserves or fishing pounds.
We pushed the exercise to test various flags individually and in combination. We provide statisticla results
concerning the use and reliablility of the flags in version D.
We show results at multi-parts lakes of various sizes and shapes in France.
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Abstract:

Throughout the mission, the Sentinel-3 Microwave Radiometer (MWR) instrument has proven its ability to provide
highly accurate geophysical parameters over ocean surfaces but also over ice, such as sea ice type (Tran et al.
2009). However, there remains significant potential for new variables to be derived by leveraging the synergy
between altimeter data and the two radiometer channels (23.8 and 36.5 GHz). Among these, Sea Ice
Concentration (SIC) and Snow Depth (SD) over sea ice were chosen for the scope of this study.

SIC is essential for determining the sea ice extent and estimating accurately the sea ice freeboard and thickness.
The SIC information currently available in the Sentinel-3 altimeter Level 2 product is interpolated from external
models (OSI SAF in the latest Sentinel-3 Thematic Land processing) to match the time and location of the
altimeter measurements. This results in a very smoothed out product, losing accuracy especially near transition
areas such as the sea ice edges. To provide more precise SIC estimates in both space and time, the opportunity
of exploiting the simultaneous measurements of the altimeter and the MWR is investigated.

Two types of algorithms are compared: the two-channel Bootstrap algorithm in frequency mode (Comiso, 1986
and 1995) that has been adapted to Sentinel-3 MWR and a new developed neural network algorithm taking
brightness temperatures and the altimeter backscattering coefficient as inputs. These two algorithms are
implemented and tested using one year (2017) of S3A MWR brightness temperatures. They are both evaluated
against OSI SAF SIC data, used as a reference. Their results are very promising as they show similar
performance to other state-of-the-art algorithms applied to radiometer missions such as AMSR-E, SSM/I or
SMMR (ESA Sea Ice Climate Change Initiative report, 2013) with low average biases and good RMSE values.
Moreover, the neural network approach provides an enhanced spatial resolution. Comparisons at crossover
points with SWOT also showed a good agreement of SIC estimated with S3 and KarIn sigma-naught maps.

Regarding SD, it is also needed for an accurate determination of the sea ice freeboard, which is subsequently
used to estimate sea ice thickness. Indeed, freeboard measurements using altimetry are impacted by the radar
signal penetration in the snow layer, leading to non-negligible errors in the freeboard estimation and
consequently in sea ice thickness. Since the radiometer provides two channels with slightly different penetrations,
it can theoretically be used to estimate SD. Therefore, the relevance and accuracy of such a SD product are
explored.

Again, two different algorithms are tested: a Gradient Ratio algorithm adapted to Sentinel-3 MWR and new
developed neural network algorithms trained with either Ka/Ku SD or La/Ku SD datasets (provided by LEGOS).
The analysis is performed over a year of data and as a function of hemisphere and surface type. All outputs are
evaluated against the LEGOS products and are compared with airborne data from Operation Ice Bridge. Sea ice
freeboard and thickness values are also derived from Beaufort Gyre Exploration Project mooring data and
compared to official products from Sentinel-3A and IceSat-2. While no significant correlations were found using
the Gradient Ratio algorithm, the neural network approaches showed very promising results with satisfying
overall precision and dynamics.
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Abstract:

Since the launch of ERS-1 in 1991, satellite radar altimetry has provided more than 35 years of continuous
observations of the polar ice sheets, offering an unprecedented long-term perspective on their evolution. This
record has been strengthened by successive missions such as Envisat, AltiKa, CryoSat-2, and Sentinel-3, which
have significantly improved spatial resolution and measurement accuracy. Satellite altimetry plays a key role in
quantifying ice sheet elevation changes, enabling the detection of thinning, thickening, and dynamic mass
redistribution processes. Among other applications, these observations are essential for estimating the
contribution of the Greenland and Antarctic ice sheets to global sea-level rise.

The main challenge for satellite altimetry over ice sheets lies in accurately locating the first radar return on the
surface, i.e., the point at which elevation is estimated. This is commonly referred to as the Point of Closest
Approach (POCA). Due to the altimeters’ relatively large footprint, the POCA can be located several kilometres
away from nadir. This effect is particularly pronounced in the ice sheet margins, where surface topography is
steeper and more complex than in interior regions. These areas are, however, among the most important to
monitor, as they are the most responsive to the ongoing climate change.

In the absence of interferometric capability, several methods have been developed over time to improve POCA
relocation. In the late 2010s, the availability of high-resolution Digital Elevation Models (DEMs) covering the
entirety of the polar ice sheets enabled the development of a new approach based on numerical simulation of
radar waveforms. The radar waveforms are simulated by calculating the backscattered radar signal over the
facets of high-resolution DEMs. The simulation is exploited to determine the coordinates of the impact point on
the ground, where the surface elevation is estimated. The complete processing chain, named the “Altimeter data
Modelling and Processing for Land Ice” (AMPLI), provides topography estimations along the satellite track.
AMPLI was successfully developed for the Sentinel-3 mission and has recently been adapted to Low Resolution
Mode (LRM) altimetry within the ESA FDR4ALT project.

This poster presents an overview of the AMPLI software and highlights the significant improvements in the ice
sheet topography estimated along the track compared to standard level-2 products. It also presents recent results
of Surface Elevation Change (SEC) derived from Sentinel-3 altimetry data over the 2019-2025 period. These
results are compared with the ICESat-2 ATL15 product and show excellent agreement between the two
independent altimetry missions. Finally, the poster presents promising results obtained in LRM altimetry with
ERS, Envisat and SARAL/AltiKa missions. This paves the way for reconstructing long-term time series of
altimetry topography estimations over Antarctica and Greenland.

Such work is of major importance, as continued advancements in processing algorithms remain critical for
accurately quantifying ice sheet mass balance, and thus the cryosphere’s response to climate change. The
extension of the facet-based numerical simulation approach to interferometric missions (e.g., CryoSat-2 and
CRISTAL) also offers promising prospects for improving the existing level-2 data processing chains.
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Abstract:

The Ka-band Radar Interferometer (KaRIn) instrument onboard the Surface Water and Ocean Topography
(SWOT) mission represents a technological breakthrough in radar altimetry, delivering high-resolution two-
dimensional water elevation profiles over both oceans and inland waters. However, KaRlIn’s innovative radar
interferometry brings along new challenges, as systematic errors largely dominate the mission’s error budget for
spatial scales above 1000 km. More specifically, KaRIn data are particularly sensitive to imperfect knowledge of
the satellite’s roll angle, baseline dilation caused by changing thermal conditions, antenna group delay, and
interferometric phase errors, each with its own signature in the cross-track direction.

To correct these systematic errors, the level-2 cross-calibration (L2 XCal) algorithm was developed. We start by
presenting an overview of this procedure which consists of two main steps. First, estimates of systematic errors
are calculated from sea surface height (SSH) mismatches at crossover points where the cross-track signature of
each source of systematic error can be isolated. Different interpolation schemes tailored to each of these
contributions are then used to produce a continuous calibration in time, with particular care given to the linear
contribution which largely dominates.

The L2 XCal algorithm was primarily designed for hydrological applications, and a full assessment of the quality
of KaRlIn inland water data thus requires analyzing the uncertainty incurred because of the XCal procedure. We
present here data-driven approaches that tackle such issues.

First, since estimates for systematic errors are calculated over the open ocean, they may be affected by leakage
from true ocean signals exhibiting cross-track signatures resembling that of systematic errors. To quantify this
effect, we run the L2 XCal algorithm taking the SSH anomaly from DUACS grids as input. The value of the height
correction thus calculated provides valuable information on the ocean variability absorbed through the XCal
procedure that is reprojected on inland water data. Our analysis indicates that this leakage remains limited
overall, with roughly 0.2cm? of ocean variance absorbed globally, but can be somewhat significant locally,
notably in highly dynamic and coastal area where the absorbed ocean variance can reach a few cmz2.

Then, we present a novel approach to quantitatively estimate the XCal uncertainty: We introduce so-called
“virtual continents”—large areas in the open ocean where SSH data are artificially masked to mimic inland
conditions. By comparing the height correction produced by the algorithm with and without fake continents, we
derive a model to estimate height correction uncertainty when propagated over land. We show that the
uncertainty estimate derived using this technique---which we argue should be an upper bound of the “true”
uncertainty---mostly remains below mission requirements of 7.4 cm of residual error. These results contribute to a
better understanding of the dynamics of SWOT’s systematic error correction and pave the way for a new
framework to validate the calibration algorithms for future wide-swath altimetry missions.
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Abstract:

The Surface Water and Ocean Topography (SWOT) mission, launched in December 2022, provides the first
global survey of Earth’s surface inland waters and resolves ocean surface processes at spatial scales below 100
km. Its primary scientific instrument, the Ka-band Radar Interferometer (KaRIn), delivers two-dimensional surface
elevation measurements over two 50 km-wide swaths separated by a 20km nadir gap. SWOT observations are
distributed as two main data families: low-rate (LR) products, available at 2 km (smoothed) and 250 m
(unsmoothed) resolution over the global oceans, and high-rate (HR) products, with resolutions ranging from 30 m
to order 100 m over terrestrial and coastal regions.

Although cryospheric monitoring is not a primary mission objective, the low signal-to-noise ratio and two
dimensional imaging capability of KaRIn make SWOT well suited for the detection and characterization of sea ice
in polar regions up to 78° latitude. In these areas, SWOT provides optical like spatial detail of topography
estimates, while remaining unaffected by cloud cover—an advantage over passive optical sensors — and with
reduced errors and artifacts compared to traditional nadir altimeters — since KaRIn processing is not based on
waveform retracking.

In current SWOT products, sea ice identification relies on the OSISAF model, with modeled sea ice concentration
interpolated from its native grid onto the SWOT swaths. Due to the coarser model resolution relative to KaRIn
measurements, the resulting SWOT ice flag exhibits limited performance, notably an overestimation of sea ice
extent. To address this limitation, several CNES funded studies have recently explored improved sea ice
detection strategies across all SWOT data types.

For LR smoothed products (2 km), we developed a new detection method that combines thresholds on multiple
sigma0 derived parameters sensitive to the differing reflective properties of sea ice and open water. Thresholds
were calibrated using synergies between SWOT observations and daily composite MODIS reflectance maps. For
higher resolution SWOT products (LR unsmoothed and HR), the greater level of detail provided by KaRiIn
required more advanced approaches. Multiple artificial intelligence—based methods were independently
implemented and evaluated.

Preliminary results indicate some dependencies on cross track distance, ice type, season, and hemisphere.
Nonetheless, the findings demonstrate clear improvements and strong potential for accurate, SWOT based sea
ice detection, paving the way for its integration into future product versions.
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Abstract:
The Copernicus Sentinel-3 (S3) mission is operated by EUMETSAT, which is also responsible for providing
altimetry products in the global ocean domain, encompassing the open ocean, coastal zone and polar ocean.

To improve the polar oceans retrievals, EUMETSAT has studied, developed, and deployed in operations a major
update for the S3 mission - the “G62” baseline — in Q1 2026. Continuity with the open ocean is ensured by
dedicated L1 and L2 processing. A full mission reprocessing for S3 ensures the temporal consistency through the
lifetime of the mission. Furthermore, the developments done by EUMETSAT for S3 are also the basis for the
future CRISTAL polar ocean processing, within the global ocean products.

This presentation focuses on technical evolutions performed in the marine altimetry processing chain to enhance
the data quality over polar oceans. We introduce and validate the new retrievals, specifically polar sea surface
height anomaly and surface classification derived from neural network. These have been implanted in “G62” and
are now available as part of the full mission reprocessing. The consistency between open ocean and polar ocean
will be shown within the S3 marine dataset, with mono-mission evaluation and cross-comparisons within the S3
altimeter constellation. Validation against external datasets will also be presented, including assessments against
Cryosat-2 for polar SSHA and the Sentinel-3 optical instruments, OLCI and SLSTR, to verify lead detection from
the new surface classification algorithm.
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Abstract:

Accurate gridded maps of sea ice concentration, freeboard, and thickness are critical for operational forecasting,
long-term climate records, and the sustained monitoring of polar regions. While the SWOT satellite was designed
primarily for oceanographic and hydrological applications, it has since demonstrated significant potential over sea
ice. The availability of ice/ocean classification in its operational products, combined with KaRIn's wide-swath
geometry, allows the retrieval of high-resolution sea ice position and height, making SWOT a valuable and largely
untapped asset for polar observation. We investigate the use of VarDyn, a variational reconstruction framework,
to generate sea ice gridded products from SWOT observations, exploiting VarDyn’s ability to ingest
heterogeneous, multi-source datasets within a unified inversion scheme.

VarDyn formulates the reconstruction problem as the minimization of a cost function balancing observational
misfit with prior spatio-temporal constraints in a reduced space (e.g. wavelet basis). VarDyn formulation is flexible
enough to ingest either a single sensor or multiple heterogeneous sources within the same inversion scheme. In
our study, two configurations are explored. A multi-sensor configuration combines SWOT with sea ice
concentration from OSI-SAF, producing lower-resolution but globally consistent and robust gridded fields of sea
ice concentration, designed for more operational and climatological applications. A SWOT-only configuration
exploits the high spatial resolution of KaRlIn to deliver high-resolution sea ice concentration and freeboard
products (below 78°N), resolving small-scale variability and providing a valuable resource for process studies,
field campaign support, and other local applications.

These configurations are evaluated in Arctic and Antarctic case studies, demonstrating improved spatial and
physical consistency over conventional approaches and a scalable pathway toward next-generation sea ice
products.
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Abstract:

The Unmanned Airborne Water Observing System (UAWOS) project develops airborne and contactless
hydrometric sensing technology to inform climate change adaptation, assess flood risk and survey extreme
hydrological events in remote and poorly monitored rivers (https://uawos.dtu.dk/).

As a part of the UAWOS project, Water Surface Elevation (WSE) data was collected using Unmanned Aerial
Vehicles (UAV) equipped with a radar altimeter for several rivers across the world at very high spatial resolution
(close to 1m).

The SWOT and Sentinel 6 missions are remote sensing space-borne sensors capable of providing recurrent
WSE measurements, both with a revisiting time of around 10 days. SWOT Pixel Cloud data has a spatial
resolution close to 25 m, and after due processing Sentinel 6 Fully Focused SAR (FFSAR) data can achieve an
along-track resolution of less than 1m.

The objective of this presentation is to compare the UAV WSE and river slope measurements against those
derived from space-borne remote sensing and how the UAV campaigns can help to improve the accuracy of
satellite observations. For three different rivers (the Po in Italy, the Isar in Germany and the Ogun in Nigeria),
high resolution hydrometric data from SWOT and Sentinel 6 FFSAR will be processed to assess the accuracy of
these sources when measurements are located near discontinuities in the water level or narrow rivers.
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Abstract:

Prior releases of the ICESat-2 open ocean products, ATL12 along-track sea surface height, ATL19 monthly
gridded dynamic ocean topography (DOT), and ATL23 three-month smoothed gridded DOT in ice-covered
waters have been biased high by sea ice freeboard. However, the new Release 7 ATL12 is synchronized with the
ATLO7 sea ice product so that we can identify the ATL12 10-m bins in “bright” leads used by ATLO7 for sea
surface height determination. We find that the ATL12 DOT in the bright lead 10-m bins agree with the
corresponding ATLO7 bright lead DOT at the 1 cm level for ice concentrations less than 77%. The ATL12 ocean
segment averages of these DOT, the corresponding ATLO7 DOT, and all ATLO7 bright lead DOT in the ocean
segment are output in ATL12. A combination of these depending on ice concentration, when used as input to the
averaging of the Release 4 ATL19 and Release 2 ATL23 gridded products for ice concentration >15%, can give
gridded averages of DOT unbiased from open water into the pack ice and across the seasonal ice zone year-
round. Unfortunately, we have found the initial production version of the gridded DOT has been processed as if
ice concentration were always zero even in sea ice, thus not taking full advantage of the ATLO7 data.

Fortunately, the new release gridded products also include simple averages of the sea ice appropriate DOT
from ATL12 and ATLO7, and analysis of a composite of these in ice and open ocean DOT in ATL23 show the
promise of the ICESat-2 DOT over the mix of open and ice-covered waters. These composite ATL23 DOT are
correlated at r = 0.99 in 2024 and 0.98 in 2025 with corresponding Seasonal Ice Zone Reconnaissance Survey
(SIZRS) dynamic heights. The composite ATL23 DOT confirm that Arctic Ocean circulation is in a cyclonic mode
characterized by expanded and strengthened cyclonic circulation in east longitudes and contracted but intensified
anticyclonic circulation in west longitudes. Further, the composite ATL23 show the dominance of the overall
cyclonic circulation of the Arctic Ocean driven by the elevation of Bering Sea DOT above Greenland Sea DOT.

We have recently identified and corrected the issues affecting the current collection of ATL12, ATL19 and ATL23
data. We plan to replace the existing data stored at the National Snow and Ice Data Center (NSIDC) with
corrected data. NSIDC will post a banner on the respective product landing pages once the data have been
replaced. We plan to present example results at the OSTST Meeting with analyses of the Arctic Ocean and
Antarctic coastal region DOT using the corrected data.
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Abstract:

On average, a hurricane making landfall in the United States causes $23 billion in damage. The over-ocean
intensification of tropical cyclones (TCs) brings stronger winds and greater rainfall to land areas, making these
storms even more dangerous and costly. Accurate intensity predictions have been shown to save an average of
approximately $2 billion per storm and over $10 billion for more intense storms. The rapid intensification of a
hurricane (RI), defined as an increase in the maximum sustained winds of 30 kt in 24 h, is particularly
dangerous/costly and has been shown to be strongly influenced by the amount of energy stored in the ocean, or
Ocean Heat Content (OHC). The Tropical Cyclone Heat Potential (TCHP), defined as the OHC at temperatures
of 26°C and above, has often been linked to a TC’s potential for Rl. TCHP is used operationally by the US
National Weather Service/National Hurricane Center (NWS/NHC) in predicting tropical storm intensity and
thereby plays a critical role in the issuance of life-saving storm warnings. Rl was seen in Hurricane Katrina
(2005), which caused $201.3 billion in damage and 1833 deaths, and more recently in Hurricanes Ida (2021,
$84.6 billion in damage, 96 deaths), lan (2022, $119.6 billion in damage, 152 deaths), and Milton (2024, $34.3
billion in damage, 32 deaths), a TC which intensified at record speed. As the annual number of hurricanes
continues to rise, more than doubling over the past century, and the population and infrastructure of the southern
coastal areas of the United States increase, Rl presents an ever-increasing risk to lives and property.

NOAA'’s National Environmental Satellite, Data and Information Systems (NESDIS) line office generates daily
estimates of the TCHP using the Satellite Ocean Heat Content Suite (SOHCS) algorithm. The NESDIS Systems
Performance Assessment Team (SAT) recently surveyed current and aspirational OHC users to evaluate
whether SOHCS should be sustained or sunsetted. The survey spanned the federal government, academia,
industry, and international partners to determine what operational OHC needs exist, and was followed by a study
of existing and proposed real-time OHC products to study how the expressed needs can best be met.
Approximately 70 current and potential users were canvassed. We found that 33% of all users, including some
key operational customers, requested depth-resolved ocean temperature profiles rather than summary upper-
ocean temperature metrics alone. Another 20% expressed a need for information on depth-resolved salinity or
density, in addition to temperature. Other requests included higher spatial resolution and global coverage.

The Next-Generation Enterprise Ocean Heat Content (NGE OHC) is a new algorithm under development at the
NOAA/NESDIS Center for Satellite Applications and Research (STAR). The NGE OHC employs several technical
innovations relative to the SOHCS product, resulting in improved accuracy of the OHC fields and inclusion of
highly depth-resolved synthetic temperature and salinity (T/S) profiles. The methodology used in the NGE OHC
leverages the widespread nature and dominance of low-mode baroclinic variability in the ocean, derived from a
historical in situ T/S profile database, to directly estimate ocean T/S profiles from altimetry, sea surface
temperature (SST), sea surface salinity (SSS), and ancillary parameters. The NGE OHC algorithm has been
designed to be easily maintained/updated and output is generated at two resolutions: at ~10 km along-track
using nadir altimeter “1 Hz” data, and 14° gridded.

We will detail some of the ways NESDIS makes decisions about how algorithms are selected and prioritized for
development and operations, discuss the range of users of satellite-based OHC products identified by the survey,
their expressed needs, and the final recommendations made by the SAT. We will also provide some direct
comparisons between in situ Argo data and the NGE OHC and SOHCS output.
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Abstract:

The interagency Jason-3 Mission measures sea surface height, wind speed, and significant wave height to help
track global sea level rise, ocean currents, and upper ocean heat content. Four partner agencies share mission
responsibilities: the National Oceanic and Atmospheric Administration (NOAA), the National Aeronautics and
Space Administration (NASA) Jet Propulsion Laboratory (JPL), the Centre National d’Etudes Spatiales (CNES),
and the European Organisation for the Exploitation of Meteorological Satellites (EUMETSAT). NOAA’s roles
include satellite command and control, operational data processing, operational data distribution, and archive of
data and processing software. NOAA’s Environmental Satellite Processing Center (ESPC) generates Jason-3
Operational Geophysical Data Record (OGDR) products. ESPC distributes OGDRs in near real time (within 3-5
hours of observation) in NetCDF format via their Data Distribution Server, and in BUFR format via the World
Meteorological Organization (WMO) gateway. All Jason-3 mission data are archived by NOAA’s National Centers
for Environmental Information (NCEI) using its Comprehensive Large Array-data Stewardship System (CLASS).
The OGDRs, CNES-derived interim Geophysical Data Records (IGDRs), and the final science-quality
Geophysical Data Records (GDRs), all in NetCDF, are made available by traditional FTP as well as through
modern interoperable data services (see https://www.ncei.noaa.gov/products/jason-satellite-products for more
information). Jason-3 geophysical data record products are used for ocean nowcasting and forecasting,
assimilation into global and region models, hazard monitoring, and hurricane intensification forecasts.

This poster paper will also outline the current Jason-3 NOAA Near Realtime Ground Processing System located
at Suitland MD.
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Abstract:

The latency of Jason-3 near-real time Operational Geophysical Data Records (OGDR) since the last OSTST in
2025 is examined using timeliness statistics against the requirement that product distribution be less than 3 hours
from data collection. Major gaps in the ODGR production will be addressed, as well as periods of large latencies.

Latency calculations have been automated using the ProPro-005 algorithm as outlined in “ALGORITHMS
ABOUT JASON-3 TM DATA AVAILABILITY AND OGDR DATA LATENCY, TP4-J0- NT-86- CNES”, 30-Mar-2011
by C. Juan (CNES) and J. Lillibridge (NOAA).
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Abstract:

At EUMETSAT, the operational production of Copernicus altimetry products relies on continuous and robust
monitoring to ensure data quality and service reliability. This contribution presents the current operational
framework for the daily monitoring of Sentinel-3 and Sentinel-6 altimetry and radiometry products, with a
particular focus on Near-Real-Time (NRT) timeliness.

The system is based on COPAS (Copernicus Altimetry Service) and on a suite of tools developed internally at
EUMETSAT. These tools rely on dashboards and statistical analyses to track the stability and consistency of
Sentinel missions across all timeliness levels.

The monitoring framework includes:

. production monitoring to identify data gaps and ensure timely product delivery,

. monitoring of static and dynamic Auxiliary Data Files (ADF) to prevent product degradation in the case
of missing or degraded inputs,

. scientific monitoring of geophysical retrievals, providing quantitative metrics for key parameters derived

from Level 2 products.

The system is designed within a multi-mission framework, allowing the straightforward integration of future
altimetry missions to be launched in the coming years.

In addition, EUMETSAT is introducing dedicated quality flags in Level 2 products to provide users with clear
indicators of data quality, supporting the detection and filtering of outliers.

This highlights the role of EUMETSAT as an operational agency ensuring the quality, consistency, and reliability
of altimetry products delivered to users.
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Abstract:

The Global Water Measurements (GWM) is a monitoring program offering surface water-related products for
lakes, reservoirs, river reaches, and wetlands (https://earth.gsfc.nasa.gov/gwm). These products are derived from
multiple satellite-based altimetry and multispectral imaging platforms. The primary measurements offered are
water level, slope, and extent, derived from a series of NASA and other agency instruments such as Sentinel-6A,
Sentinel-3A/B, SWOT, ICESat-2, and MODIS. The system serves stakeholders, including the US Department of
Agriculture Foreign Agricultural Service and the US Geological Survey, as well as various international, national,
state, and intelligence agencies. It also supports engineers, ecologists, and hydrological researchers in matters
relating to surface water dynamics and conservation. Considering the sensitivity of ground-based data and the
remote accessibility of many basins, the satellites offer an almost global coverage, meet a required accuracy, and
most importantly, they deliver Near Real-Time measurements with a multi-decadal archive. Continuity of
measurements is a primary stakeholder and researcher requirement.

While Sentinel-6B observations will be integrated, focus is currently on parameters derived from the laser-based
ICESat-2 mission and the Ka-band SWOT mission. Swath-based elevations, depth and slope are being explored,
though there is no end-user demand for these GWM products to be operational. Contributions from the SWOT
Nadir Altimeter (profiling) instrument though are near real-time and provide an increased global coverage, these
are supplementing observations from the 10-day and monthly repeat continuity altimeters. The SWOT-KaRIn
Single Pass product is being examined because of its finer spatial resolution of elevation measurements, and an
ability to determine hypsometry (level versus extent) relationships. Laser observations from the ATLAS
instrument offers elevation, along and across-track surface gradients, and potentially depths, at super-fine along-
track elevations. It may also offer winter (ice-on) measurements and highlight water to ice transitions. In these
regards the project supports a number of new stakeholders in Alaska and Canada that have interests in flooding,
conservation, and tourism.

To date, the GWM products have been integrated into 3 online systems: 1) the USDA/FAS CropExplorer portal,
for water storage and irrigation considerations, 2) the USGS National Water Dashboard, for operational
monitoring of remote river reach sites in Alaska, and 3) the NASA/LaRC POWER (Prediction of Worldwide
Energy Resources) tool, which supports multiple end users and utilizes GWM reservoir elevation products for
water bodies that supply hydroelectric power generating stations.

Here, we report on the potential contributions of SWOT-KaRIn and ICESat-2, and on the need for a faster
(though less accurate) Quick Look product which would integrate observations across multiple-platforms. We
also focus on the continuity requirement and discuss future missions such as the NASA Earth Dynamics
Geodetic Explorer (EDGE) which will be the first global swath-imaging lidar. Central to GWM products is an all-
sources (e.g., in situ, the NASA’s ATLAS OpenAltimetry tool) validation effort, and both primary and experimental
observations and parameters are made freely available via the GWM portal.
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Abstract:

Several data products for riverine outflow have been developed but none of them are appropriate for operational
use. By generalizing an established theory that relates riverine outflow with variables derived from altimetry and
other satellite-based instruments, an algorithm is developed that can be used in operational contexts.
Comparisons are made between our new product with SWOT-, ocean reanalysis-, land surface model-, and river
gauge-derived riverine outflows. We further present evidence of whether suspended sediment concentrations
(SSCs) from Sentinel-3 and a neural network algorithm have predictive value for our algorithm. The influence of
SSCs on stratification has mostly been studied in estuarian systems but is investigated here in the near-river
delta environment with respect to steric sea level, bottom pressure, and riverine outflow from our algorithm.
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Abstract:

Integrating satellite altimetry, particularly the Surface Water and Ocean Topography (SWOT) mission, into
numerical models presents a promising frontier in oceanographic research. This study aims to assess the impact
of assimilating SWOT altimeter sea level anomaly (SLA) data into operational ocean data assimilation/prediction
system. The Japan Meteorological Agency (JMA) has a plan to introduce SWOT data to MOVE/MRI.COM-JPN
(MOVE-JPN), which covers the seas around Japan with a horizontal resolution of 2 km, as a system capable of
monitoring and predicting coastal phenomena. MOVE-JPN is now using Jason-3, SARAL, Cryosat-2, Sentinel-
3A/B, HY-2B and Sentinel-6MF along-track SLA data from CMEMS. SLA is assimilated after exclusion of two
nonsteric components, namely the global ocean mass change and the sea level variations due to the barotropic
response to atmospheric forcing. Through comparative analysis against conventional systems and observational
datasets, we quantify the benefits of assimilating SWOT data,highlighting enhanced predictive capabilities and
improved representation of complex oceanic phenomena.
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Abstract:

We investigate the origins, pathways, and mechanisms of large-scale oceanic changes in heat, freshwater, and
mass that have contributed to more than three decades of observed sea level rise. Although global mean sea
level rise is largely attributable to increases in ocean heat content and mass linked to global warming, the
expression of these changes across the ocean is heterogeneous and remains incompletely understood. Regional
variations are strongly shaped by natural modes of climate variability such as the El Nifio—Southern Oscillation
(ENSO) and the Pacific Decadal Oscillation (PDO), which can at times exceed the magnitude of the global trend.
Such regional signals often arise from the redistribution of heat, freshwater, and mass rather than net changes in
their global budgets. Identifying the regions and mechanisms through which global warming influences sea level
is therefore essential for advancing physical understanding and predictive capability.

Our approach leverages the Estimating the Circulation and Climate of the Ocean (ECCO) ocean general
circulation model, which assimilates the complete altimetry record along with a broad suite of other observations.
The framework enables interpretation of observed changes in a dynamically consistent manner. Unlike traditional
methods that rely on simplified dynamics (e.g., geostrophy) or statistical relationships (e.g., correlation), ECCO
provides a comprehensive synthesis of the ocean state constrained by the full governing equations of motion.

Here we investigate steric changes of the ocean over the 30+ years of the altimetry record, distinguishing its
diabatic variation from its adiabatic redistribution.
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Abstract:

The Northern Bay of Bengal (NBoB; 20°N—23°N, 86°E—93°E) is one of the most climate-sensitive coastal regions
globally, where oceanographic changes quickly affect flooding, ecosystem stability, and the livelihoods of over 40
million people across Bangladesh and West Bengal. This study offers a detailed 30-year (1993-2023)
assessment of sea surface temperature (SST) anomalies, sea level changes, and thermal expansion
contributions using the Copernicus Marine Service Global Ocean Physics Reanalysis
(GLOBAL_MULTIYEAR_PHY_001_030), along with multi-mission satellite altimetry (TOPEX, Jason series,
Sentinel-6) and tide gauge data from Hiron Point, consistent with NASA and IPCC ARG6 datasets. Results show a
significant shift beginning around 2015, from ENSO-driven SST variability to a sustained, basin-wide warming
pattern linked to human-caused climate change. This shift has boosted ocean thermal expansion, now a leading
cause of regional sea level rise—more influential than traditional tidal and astronomical forces. Coupled with
IPCC ARS projections that project a sea level rise of 38—77 cm by 2100 at Hiron Point, these results highlight an
accelerating and serious threat to coastal communities in the NBoB. Ongoing and improved satellite altimetry
data are crucial for tracking changes and guiding adaptive measures in this highly vulnerable region.
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Abstract:

Satellite altimetry plays a vital role in understanding sea level variability, hydrological changes, and climate
impacts in data-sparse regions such as East Africa. This study examines the use of multi-mission altimetry
datasets, including Sentinel-6, Sentinel-3, and SWOT, to monitor ocean dynamics along the Western Indian
Ocean coast and inland water bodies such as Lake Victoria and the Nile Basin.

The analysis highlights how altimetry data can support improved flood forecasting, drought monitoring, and
climate variability assessment, particularly in regions affected by extreme events linked to phenomena such as El
Nifio and the Indian Ocean Dipole. By integrating satellite altimetry with meteorological and hydrological
datasets, this work demonstrates its value in strengthening early warning systems and enhancing climate
services.

The study also addresses key challenges, including limited technical capacity, data access barriers, and the need
for localized applications of global datasets. Emphasis is placed on the importance of regional collaboration and
capacity-building initiatives to enable operational use of altimetry data.

This contribution underscores the potential of satellite altimetry to support climate resilience, sustainable water
resource management, and disaster risk reduction across East Africa.
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Abstract:

The study is based on the low degree harmonics to focus on the accurate long wavelength parts of the
GRACE/GFO gravity fields. To reduce the contamination of mass changes on land a set of point masses are
estimated and analyzed to verify estimates of the melting of the major ice sheets. Subsequently, residual gravity
fields are used to recover characteristics and regional patterns of changes in the ocean mass.

Initially, ocean mass changes are computed using the direct approach using coefficients filtered at harmonic
degree and order 20, 40 and 60. The results show that smoothed GSM fields may be used as well, though a
wider buffer zone is required. In all cases, values for the global mean ocean mass trends of 2.27-2.41 mm/y were
found which are pretty consistent with what others had found already.

The second part focus on using the lower degree and more accurate parts of the GRACE/GFO gravity fields. A
method for removing land signals contaminating the ocean signal, is tested. It is based on point masses. Though
the locations of the point masses at fixed grid nodes may not be optimal, the method seems to work well.

The total mass loss on land is about 670 Gt corresponding to 1.86 mm/y ocean sea level gain which is on the low
side compared to the values from the initial study. However, using the residual fields from where the continental
signals have been removed and no buffer zone, a trend of 1.84 mm/y is obtained. Hence, there is a very good
agreement with the corresponding land value. The results show that the method is very successful in removing
land signal from the GRACE/GFO monthly fields and facilitates further studies of the changes in the ocean
masses.
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Abstract:

Over the last decades, several studies have detected a rise in global sea level and have associated it mainly to
two factors related to global warming: ocean-mass changes due to the addition/removal of water by the transfer
of mass between continental ice and the oceans, and the seawater density changes due to an increase in
temperature. However, the role of these effects on the sea level trend has not been fully studied over the
Southwestern Atlantic Continental Shelf (SWACS). Thus, the main objective of this work is to study the impact of
density and ocean-mass changes in the SWACS with 23 years of monthly data from two satellite altimetry
products and two reanalysis models. As a first step, it was shown that the sea level anomaly (SLA) of the models
adequately represents the interannual variability in the region, obtaining a significant correlation greater than 0.7
with the satellite SLA products. Good agreement was also found between the model-derived ocean mass and
Gravity Recovery and Climate Experiment (GRACE) satellite observations for the coincident period. The sea
level trend analysis in the SWACS showed a rise over the shelf with both model and satellite SLAs (glacial
isostatic adjustment trend removed). However, the models underestimate the rate of increase by approximately
1.3 mm/year, obtaining a mean value of 1.55 mm/year compared to 2.86 mm/year obtained with altimetry. With in
situ data of temperature and salinity from a monitoring station, we demonstrated that the discrepancy in the sea
level rate is related to the model's steric height. Nonetheless, both data sets revealed that the main driver of the
interannual SLA trend for the 23-year period is the ocean mass change.
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Abstract:

Dynamic adaptation policy pathways (DAPPs) provide a flexible approach for managing the impacts of sea-level
rise (SLR) and coastal flooding based on observable environmental triggers. However, DAPP timelines for
adaptation are generally developed based on monotonic SLR projections that do not include the potential for
internal climate variability to temporarily suppress or accelerate increases in coastal flooding. To address this
knowledge gap, we construct a linear inverse model (LIM) to produce an ensemble representation of the coastal
sea-level response at tide gauges to stochastic climate forcing. In particular, we focus on select locations around
the Pacific basin and explore how different phases of the Pacific Decadal Oscillation (PDO) in the LIM ensemble
combine with SLR projections to affect the time available between flood-frequency triggers and adaptation
thresholds. In general, we find that accounting for the current PDO state when the trigger is observed can (1)
increase or decrease the time available for adaptation by more than a decade and (2) reduce uncertainty in the
near-term evolution of impacts. Thus, DAPPs focused on SLR and coastal flooding can be improved by including
context about the current state of internal climate modes in addition to the long-term forced trajectory.
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Abstract:

Monitoring coastal sea level change is critical as sea level rise becomes inevitable due to climate change. The
global tide gauge (TG) network is sparse and suffers from data gaps, while satellite altimetry performance near
the coast remains spatially inconsistent. Here, a novel dynamically varying search radius algorithm (DSR) is
developed that uses bathymetry to choose satellite observations that represent coastal sea level variability better.
The algorithm is applied to the low-resolution coastal product, X-TRACK SLA L2P v2022 (XTRACK) and is
evaluated through comparison with existing selection methods applied to XTRACK and the high-resolution
product, Along-track sea level anomalies and trends v2.3 (XTRACK/ALES). The inter-algorithm comparison at
155 TG stations using detrended deseasonalized coastal sea level anomalies demonstrates broader applicability
of DSR across various coastal regimes, with consistently higher median correlation and lower median Normalized
Root Mean Square Error. Furthermore, the new algorithm improves the efficacy of the low-resolution product
making it comparable to XTRACK/ALES. The algorithm’s ability to capture coastal sea level anomalies at multiple
temporal scales is assessed at 287 stations, showing improved agreement for both seasonal (annual) and non-
linear trend (interannual and trend) signals. In regions such as tidally-dominated estuaries and the Eastern
Australian coast, lower correlation and higher Root Mean Square Error for residuals are reported. Coastal Sea
Level Trends (CSLT) for 1994—2021 from DSR-based XTRACK altimetry match TG trends within uncertainties,
with high trends observed in Gulf of Mexico (4.1+0.9mm/yr from altimetry; 4.5x1mm/yr from TG) and Baltic Sea
(4.5+1.4mm/yr from altimetry; 4.6 +1.4mm/yr from TG).
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