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NEW DATA AVAILABLE from Sea State CCI!

— Updates to existing missions (current missions to 2023/2024)
— “Re-tracked” data for earlier missions (ERS-1/2, Topex)
— FIRST processing of Sentinel-1 SAR “Wide Swath” (IW) coastal data

Altimetry and swath data for coastal wave analysis

— How can we use altimetry data close to the coast?
> |ssues with temporal sampling and sea state gradients.
— Use of swath data (the future...?)

Sea State CCI User Consultation and Science meeting

— Wide range of speakers and attendees: ECMWF; MeteoFrance; “COWCLIP”; industry (EDF, ...),
ESA and the Sea State CCI Team...

> Abstract submission closing TODAY!

> Registration remains OPEN!

Waves SIG 25
(NOC Liverpool) 30 June 2025



ESA Sea State CCI

— https:/iclimate.esa.int/en/projects/sea-state/
— Phase 1 complete (early 2022); Phase 2 underway
— Version 4 (AVAILABLE for testing): altimetry missions
from ERS-1 (1992) onwards;
> Re-tracked (WHALES), up to 2023/24
> Intercalibrated (Dodet et al., 2020)

> “Denoised data” generated via the approach of
Quilfen & Chapron (2019)

> (New) uncertainty estimates provided
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Altimetry and swath data for coastal wave analysis



Coastal applications e
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In situ 3
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A e e et e et e 46027; 50 km sampling; 10 km bin size

— Buoy 46027, Oregon coast annual

— Buoy provides ~hourly measurements EEiY
of Hs (~20 minutes time integration)

— Jason 3 (CCl v3) 2017-2020 (~10 day
repeat)

— Paired time series (< 30 minutes)
— Hs mean bias, from time series
— 1 Hz along-track data, 10 km bin size

— Compute along-track gradient



Buoy-Sat along-track gradients 46027; 50 km sampling; 10 km bin size
— Sentinel-3B (CCI v4) 2018-2023 annual

— Hs mean bias

— 1 Hz data, 10 km bin size




. . 46027; 50 km sampling; 10 km bin size
Buoy-Altimeter along-track gradients AMIIAS

— Sentinel-3A (CCl v4) 2016-2023
— Hs mean bias
— 1 Hz data, 10 km bin size

— Gradient reversal: closer to the coast and affected by
local morphology?
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Assessment of data conflict...

... If the collocation is reasonable!

— Evaluate the “likelihood” of Hs mean bias from the
“population” of biases from all buoys.

— Bootstrap probability distribution should be centred on
zero (it’s not!).

— Outliers (blue line) indicate conflict (for some reason).

— Can be applied to other comparison statistics, such as
correlation, RMSE, scatter index, ...

— Can an error model can be developed to explain
disagreement?
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46 "Nearshore" buoys: s3b_CCIv4 Hs mean bias dist.
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Conclusions:

— We can...

> Develop a detailed multimission-based representation of local sea state gradients from paired time
series.

> Use this to examine the effects of nearshore collocation “errors”

— In principle we can...

> Develop an observation-based error model conditional on relevant covariates (bathymetry, distance
to coast, ...)

> Use this approach to filter collocations and detect “outliers” (maybe due to buoy mal-operation, local
effects not accounted for ...)

> Use this approach to interpolate to arbitrary nearshore locations, and provide climate change
assessment, analysis, and so on.



Sentinel-1(A) IW mode



Local Hs gradients directly from Sentinel-1 swath measurements...
— Sentinel-1A (CCI v4) Synthetic Aperture Radar single “imagette”
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etcdf S1A_IW_GRDH_1SDH_206200101T035722_20200101T0

. dimensions:
S1-A W mode: time = 1 ;
Avallable parameters row = 38 ;
col = 49 ;

variables:

double swh ;

double swh_uncertainty ;

ubyte swh_quality ;

short swh_rejection_flags ;

double Tmo ;

double TmO_uncertainty ;

double Tml1 ;

double Tml_uncertainty ;

double Tm2 ;

double Tm2_uncertainty ;

double swell_swh_primary ;

double swell_swh_primary_uncertainty ;
double swell_swh_secondary ;

double swell_swh_secondary_uncertainty ;
double windwave_swh ;

double windwave_swh_uncertainty ;
double windwave_period ;

double windwave_period_uncertainty ;



S1-A IW mode:
Global coverage and Hs
climatology (2015-2017)

— Global coastal coverage ;

— Imagette coverage | sampling suggests
regional analyse ;

Hs counts

sla-iw_CCI (DLR) 2015-2017 [annual]

A) Hs mean
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A) Hs mean




B) Hs observations [Counts]

0
Hs counts




Sea State CCI User Consultation and Science meeting

— Wide range of speakers and attendees: ECMWF; MeteoFrance; “COWCLIP”; industry (EDF, ...),
ESA and the Sea State CCl Team...

> Abstract submission closing TODAY!

> Registration remains OPEN!

Sea State CCI | 3rd User Consultation and
™ | Science Meeting

National Oceanography Centre
Southampton, U.K.
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Additional Slides

Waves SIG 25
(NOC Liverpool) 30 June 2025



SARAL tracks

S1 imagette
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S1-IW collocation

— S1 fields can be collocated with
ResourceCODE grid to ~1 km ;

— Choices of collocation approach ;

— Altimetry can be introduced
(SARAL tracks shown) ;

Imagery ©2025 NASA




ResourceCODE hindcast

— Accensi et al. (2021) ;

— Wave |/ current hindcast for European shelf (1993-2024) ;
— Unstructured grid to high resolution <1 km ;

— Fields of parameters (wave period, partition parameters, ...) ;

O coarse grid points
O specific sites of interest

0 CMEMS INSTAC points




S1A/ ResourceCODE
comparisons (Hs)

— Large collocation set (86725) ;

— “GOOD” data flag applied ;

— Low Hs mean bias ;

— Best performance for NH summer ;
— Sea state dependent bias at high Hs ;

2017-2023 Hs (m) anomaly (S1-RSCD)
LON: -10.606, LAT: 50.967

(A) Annual (B) DJF
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2017-2023 Tm2 (s) anomaly (S1-RSCD)

S1A/ ResourceCODE LON: -10.606, LAT: 50.967

comparisons (Tm2) (A) Annual (B) DIF
Correlation: 0.906 Correlation: 0.915
RMSD: 0.676
— Reasonable performance ; _ . RMSE: 0.568
: 86 ] . N: 21987 <.,

— Slight bias ;

(C) ONDJFM (D) AMJJAS
Correlation: 0.846
RMSD: 0.72 RMSD: 0.746
RMSE: 0,613 , RMSPE: 0.74{6
o & o N: 429. .. o

Correlation: 0.9

S1 residual
N

ResourceCODE




SA RAL / ReSO u rceCO D E 2017-2023 (N=677) W.Ireland
comparisons (Hs)

— RSCD good agreement with altimeter Hs
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Variability across platforms

— Comparison of coverage and platform variability for
Northeast Pacific in situ data

— Note, payload denoted by (small!) black letters




46083; 100 km sampling; 10 km bin size
S1-A IW mode: s
Local coverage from | wn
single imagette
— Coastal coverage ;

— Spatial resolution improvements
over 1 Hz altimetry ;

— Opportunities to evaluate and
intercompare spatial climatology from
different sources ;
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total C band significant wave height

total C band significant wave height (m)



Coastal models for energy resource assessment:

— U.S. coast (Yang et al., 2023) ;
— ResourceCode framework for European shelf (Accensi et al., 2021) ;

KEY

(:“} Southern Alaska . East Coast

Hawaii @ Gurrof Mexico e s il _ "
® user @ rrusvi Ly ol : ' '
) West Coast @ unitea States . ) -

Fig. 5. yearly estimates averaged over 1993-2018.

a) NB; b) NRMSE; c) matches-up; d) R

Fig. 1. U.S. EEZ regions corresponding to Table 1 for wave resource assessment.



Uncertainty validation (L2)

— De-noised data not examined in Phase 1 ;
> Contains information on uncertainty

— Impact of de-noised data on estimation of spatial gradients (collocation process).

Jason-3 GDR Jason-3 CCI denoised
J3 [100 km] Buoy: 46246, Season: annual J3 [100 km] Buoy: 46246, Season: annual
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