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Coastal evolution

Offshore
engineering

SEA STATES IMPACT

Extreme sea level Marine energy
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Climate Data Record (US National Research Council) -

A time series of measurements of sufficient length,
consistency and continuity to determine climate variability
and change
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Gemmrich et al., 2011 |
1980 1985 1990 1995 2000 2005 2010

. due to changes in buoy hull and payloads
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Rapid changes observed in
the Arctic due to changes in
sea ice extent and wind
conditions

Gemmrich et al., 2011 |
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Long-term in-situ data are sparse...
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Rapid changes observed in
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Large
uncertainties
remain in past
trends and
projected
changes

Hemer et al, 2013
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dangerous anthropogenic
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climate system.
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terms of climate observing
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The ESA Climate.Change Initiative

The objective of the CCI programme is to Essential Climate Variables

realise the full potential of the long-term global
Earth Observation archives as a significant
contribution to the ECV databases required by
the UNFCCC
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The ESA Climate.Change Initiative

The objective of the CCI programme is to
realise the full potential of the long-term global
Earth Observation archives as a significant
contribution to the ECV databases required by
the UNFCC
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The ESA Climate.Change Initiative
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The ESA Climate.Change Initiative

The objective of the CCI programme is to Essential Climate Variables
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The Sea State C€l project

Science lead :

ESA Technical Officers :

Consortium :

Fabrice Ardhuin (LOPS)
Craig Donlon, Paolo Cipollini
15 European partners

+ 4 international experts
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Objective : produce a sea state Climate Data Record based on satellite Earth Observations
(Conventional and Delay Doppler Radar Altimeter, Synthetic Aperture Radar)

“sea state” = not only significant wave height ...

but also spectral parameters

CCl also provides feedback to GCOS on requirements based on user consultation

Product

Frequency Resolution

Uncertainty

Stability

Hs

3-hourly 25 km
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5cm

GCOS-195, Status of the Global Observing System for Climate, October 2015

=
/

7

2esa

2" International workshop on Wave, Storm Surge and Coastal Hazards, Melbourne | November 10-15 2019 | Slide 17




ﬁ%
7

V"

—

(=

—

;—

("

7

L

Challenges
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Challenges
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— R>a|c_i|ar altimeters (Ku, Ka, Delay Doppler) Ardhuin, F., Stopa, J.E., Chapron, B., Collard, F., Husson, R.,

"> HS Jensen, R.E., Johannessen, J., Mouche, A., Passaro, M., Quartly,
1 Synthetic Aperture Radar and SWIM G.D., Swalil, V., Young, 1., 2019. _
1 S wave spectra Observing Sea States. Front. Mar. Sci. 6.
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Challenges
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Many corrupted swh records due to :

e Land
* |ce
* Rain

e Slicks
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Many corrupted swh records due to :

 Land
* |ce
* Rain

e Slicks

+ low signal to noise ratio at scales < 100 km Jason-3
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Challenges
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3 steps to make data more consistent
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Step 1 : Quality ehecks -

A 1-Hz swh record is rejected in case of :
e Land or ice contamination (ice mask from Sea Ice CCI)
* Undefined or negative sigma0, ssh and swh values

* Unrealistic swh gradient

* Insufficient number of valid 20-Hz waveforms

« Large RMS deviation from the mean swh
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Step 1 : Quality ‘ehecks - Ty

A 1-Hz swh record is rejected in case of :
e Land or ice contamination (ice mask from Sea Ice CCI)
* Undefined or negative sigma0, ssh and swh values
* Unrealistic swh gradient
* Insufficient number of valid 20-Hz waveforms

« Large RMS deviation from the mean swh
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Step 2 : Inter-cahlbration

3 I I I I I I I I I I I I I I I I I

Global monthly mean over 1992 - 2018
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ar-calibration

/ Global monthly mean over 1992 - 2018
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2-C

ahbration
JASON-3 VS JASON-2
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Step 2 : Inter-cahlbration
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Global monthly mean over 1992 - 2018
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Step 3 : Adaptive.denoising

* At scale < 100km, the along-track signal is very noisy
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Step 3 : Adaptive.denoising
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Step 3 : Adaptive.denoising
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Step 3 : Adaptive.denoising
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Step 3 : Adaptive.denoising
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Step 3': Adaptive.denoising . —_—
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Huang, N.E., Shen, Z., Long, S.R., Wu, M.C., Shih, H.H., Zheng, Q., Yen, N.-C., Tung, C.C., Liu, H.H., 1998. The empirical
mode decomposition and the Hilbert spectrum for nonlinear and non-stationary time series analysis. Proceedings of the
Royal Society of London A: Mathematical, Physical and Engineering Sciences 454, 903-995.

Kopsinis, Y., McLaughlin, S., 2009. Development of EMD-Based Denoising Methods Inspired by Wavelet Thresholding.
IEEE Transactions on Signal Processing 57, 1351-1362. https://doi.org/10.1109/TSP.2009.2013885
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Quilfen, Y., Chapron, B., 2019. Ocean Surface Wave-Current Signatures From Satellite Altimeter Measurements.
Geophysical Research Letters 46, 253-261.




The Sea State CCl dataset V1

Available and documented on :

https://forms.ifremer.fr/lops-siam/access-to-
esa-cci-sea-state-data/

e 1-Hz along-track and monthly gridded (1°)

products
o 26 yeal‘S Of data, from 1992 (ERS'l) to T %7 Wave buoy consolidatedlda;ta set (courtesy J. Bidlot)
2018 MISSION NYEAR NCOLOC BIAS (M) RMSE (M) NRMSE (%) SI (%)
ers-1 3 1018 -0.072 0.26 9.95 841
1 1 1 11 ers-2 17 Q207 0.014 0.24 10.41 B8.96
* Include qallbrated _a_nd denoised significant il o i pip 45 e e
wave height + auxiliary data gfo 9 5221 0026 0.26 1091 946
topex 12 7797 0.014 0.24 9.74 8.39
] o ] jason-1 12 11094 0.010 0.22 9.58 8.31
* Future version will include improved jason-2 1; 14395 g-uga 0-31 9.67 7.86
. i -3 4181 087 0.21 9.85 7.48
retracking for swh and spectral data (SAR) - < e R i o 5 S
cryosat 2] 7913 0.048 0.19 9.00 7.57
AVERAGE 9.3 T7698.8 0.034 0.23 9.94 8.30
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The Sea State CCl dataset V1

Available and documented on :

https://forms.ifremer.fr/lops-siam/access-to-
esa-cci-sea-state-data/

e 1-Hz along-track and monthly gridded (1°)

products
o 26 yeal‘S Of data, from 1992 (ERS'l) to T %7 Wave buoy consolidatedlda;ta set (courtesy J. Bidlot)
2018 MISSION NYEAR NCOLOC BIAS (M) RMSE (M) NRMSE (%) SI (%)
ers-1 3 1018 -0.072 0.26 9.95 841
1 1 1 11 ers-2 17 Q207 0.014 0.24 10.41 B8.96
* Include qallbrated _a_nd denoised significant il o i pip 45 e e
wave height + auxiliary data gfo 9 5221 0026 0.26 1091 946
topex 12 7797 0.014 0.24 9.74 8.39
] o ] jason-1 12 11094 0.010 0.22 9.58 8.31
* Future version will include improved jason-2 1; 14395 g-uga 0-31 9.67 7.86
. i -3 4181 087 0.21 9.85 7.48
retracking for swh and spectral data (SAR) - < e R i o 5 S
at 7913 0.048 0.1 9.00 757
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Sea State is now acknowledged as a key parameter for climate science
* Now well recognized within IPCC reports (e.g. COWCLIP contributions)

* New Essential Climate Variable of the Global Climate Observing System

* Dedicated CCI project funded by ESA

The Sea State CCI is producing a climate quality Sea State dataset

* Open access and well documented

* Includes calibrated and denoised swh (+spectra parameters in next version)

* Designed for investigating long-term trends, extremes, mesoscale variability, interactions

with other components of the Earth system (CCI ECV)

Your feedback will help us to improve this data

» Data available on https://forms.ifremer.fr/lops-siam/access-to-esa-cci-sea-state-data/
* User Consultation Meeting and online survey

* CCI will provide feedback to GCOS on requirements based on user consultation
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https://forms.ifremer.fr/lops-siam/access-to-esa-cci-sea-state-data/

...thank you



Retracking algorithm"

* Most research has focused on the improvement on range estimation (for ssh, sla, msl trends)

* Current developments on SWH retrieval from waveform retracking are being assessed by CCI team

A power ___ CFOSAT-Cycle 5 |
I :
Epoch . £ jool .\ S S — |
L(Frzimge) :**** é 364 cdm
Sigma0 | O I s Sy —
(roughness) E =" | | 202 cm

' > 102

i i i
1073 10 101 10° 10!
] t| me WaveNumber (cpkm)

. o L Example of lower noise level in CFOSAT
Waveform retracking = fitting a model (solid line) through a .
measured waveform (stars) measurements with the ADAPTIVE retracker
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