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ESA Sea State CCI
— Phase 2 completion (end 2026)

— Version 5 (AVAILABLE for testing): altimetry missions from ERS-1 (1992) onwards;

> Re-tracked altimetry from source (WHALES)

> Intercalibrated (Dodet et al., 2020) and “Denoised data” (Quilfen & Chapron, 2019)

> Multivariate sea state parameters (Tm0, Tm1, Tm2, Swell Hs / partition parameters) from 
Synthetic Aperture Radars (also CFOSat).

> Uncertainty estimates provided (Level-4 gridded, Level-2 along-track)

Hochet et al. (2023): Time of 
emergence of long term 
trends in North Atlantic

Timmermans et al. (2020): Long 
term wave height trends

https://umr-lops.github.io/cci-seastate-pum/v4.0/intro.html
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Sources of validation data
— Ribal & Young (2019) intercalibrated altimetry dataset

— In situ measurements from moored buoys ...

> How reliable is this?
> What can we do to gain a better understanding?

— Drifting “Sofar” Spotter data
> Does this data compare with altimeters?



CCI L4v4 
compared 
with Ribal & 
Young ...
— Hs mean



ERS-1 V5 data
— Active NDBC buoys (25) > 50 km offshore
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— Collocation at 15 km radius (30 minutes)
— Complete years: 1992 to 1995 (incl.)



Stability of in situ record

— Gemmrich et al. 2011 identified “step changes” in all the NDBC buoys 
they considered, when looking at the historic record

— Detailed meta data available

— Widely cited, but followed up…?



In situ data sources...

https://www.ndbc.noaa.gov/

NOAA National Data Buoy Centre CMEMS In Situ TAC USACE 
Quality Controlled

NDBC Archive

— Convenient
— No meta data!
— Quality control?

— Comprehensive source
— PARTIAL NDBC meta 
data... — Comprehensive historic meta 

data.
— Open standard
— Missing data in recent release!



Atlantic NDBC buoys covering 1991 to 1996 (and onwards)

— Operational coverage with Hs 
measurements

— [YELLOW] Data from NDBC

— [ORANGE] “Good” flagged 
data from USACE

— Payloads noted by LETTERS
see legend]

— ERS-1 operation shown by 
hatching



Validation against Sofar “Spotter” drifting buoys



Spotter global coverage
— Spotter distribution and trajectories starting 2021/04/01
— Initial analysis covering Atlantic [ATL]...
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Spotter temporal coverage
— Spotter distribution and trajectories starting 2021/04/01
— Initial analysis covering Atlantic ...





Spotter 
Collocations
— CCI V4 vs V5
— Jason-3, Sentinel-6A

Sentinel-6A (swh_denoised)Jason-3 V4 (swh_denoised) Jason-3 V5 (swh_denoised)



Spotter 
Collocations
— CCI V4 

— 2021/04 to 2021/12 
(incl.) 

— ~25 km max radius

— ~15 minutes max 
difference

Sentinel-1A (top), 1B (bottom)

Cryosat-2

SARAL (top) & Sentinel-3A (bottom)



Sentinel-1(A) IW mode



— Sentinel-1A from 2014
— Sentinel-1B from 2016 
to 2021
— Imagettes processed 
to provide multi-
parameter sea state

— Ascending tracks not 
shown ;
— S-1B not shown ;
— 25 s repeat imagettes





S1-A IW mode:
Available parameters



Sea State CCI Version 5 data is available for testing …!

> Newly re-tracked long term altimetry record from 1991/10
> Sea state parameters beyond SWH from SARs, with uncertainties

> Sentinel-1 “IW” mode coastal data available for the first time

> Most rigorous formal & quality controlled global dataset of sea state observations!

— Findings and issues:

> Calibration differences between other datasets (e.g. Ribal & Young, 2019) prompt questions
> In situ measurements show minor discrepancies in some case; motivates closer look at in situ
> Good agreement with Sofar “Spotter” drifters for recent missions

Presentations from the Sea State CCI User Consultation and
Science Meeting (October 2025) are online...

Conclusions
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