
Figure 2 :  map of buoys available for validation
combining 3 data providers
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Satellite altimeters have provided reliable (but noisy and sometimes biased) estimates of Hs for over 25 years. The other altimeter measurement of σ
0
 in 

Ku or Ka band can be converted to a mean square slope (mss) from which wind speeds or wave periods can be estimated. Synthetic Aperture Radars 
from ERS-1 to Sentinel 1 have been operated in a « wave mode » over the oceans that provides a unique capability to monitor swell properties (periods, 
heights and directions) as well as a total wave height (Li et al. 2010). 
Can these be used to estimate trends and decadal variability in sea states? Yes, if biases are understood and corrected for.

The Sea State CCI project builds on a first effort done in the Globwave project in which Level 2 data was post-processed to 
correct for mission-dependent and time-varying biases. These corrections are now used for the CMEMS real-time data. 
Given the stricter needs of the climate community we will revisit the processing from Level 1 (waveforms for altimeters, 
see poster by Passaro et al., imagettes for SARS).
It is expected that this SSCCI v1 data set will require 
smaller post-processing (de-noising and bias corrections)

Methods to estimate trends will also be perfected 
(e.g. Figure 1) to reconcile modeled and observed 
variability and trends. Here the big difference in modeled
Trends may come from missing representations of wave 
attenuation by icebergs. Typical trends of 1 cm/year contribute 
to similar values for extreme sea level trends at the coast.
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SURFACE CURRENTS ARE POORLY KNOWNDATA SOURCES : Altimeters, SARs … and more

Phase 1 : a 3-year project in CCI+
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The Sea State Climate Change Initiative Project

WHAT FOR?    Sea state climate and climate change

Figure 4 : example of Sentinel 1 wave mode image 
(grey scale) with overlaid Hs map (colors). 
This is located 200 km inside the sea ice. Strong 
attenuation is attributed to changes in sea ice 
properties (Stopa et al. PNAS 2018)

...is funded by 

Sea states are the statistical properties of wind-waves : from the significant wave height (Hs) to the full wavenumber-direction spectrum. 
Even without any long-term change, the wave climate is a key driver for the design of ships, offshore and coastal structures. Of particular interest are the 
extremes for design conditions.  

Waves are also an important geophysical quantity that affects air-sea fluxes, and extreme sea levels at the coast. 
Is the wave climate changing ?  What are the consequences for low-lying islands ? Coral reefs?  sea ice? For air-sea gas fluxes ? Marine energy ? 
What about corrections for other EO data ?

1The Sea State CCI team ...

Contact : ardhuin@ifremer.fr

Figure 1 : Comparing trends from measured (left) and COWCLIP model ensemble 
(right) Hs,  for the period 1992-2010. Picture courtesy of J. Stopa.

Figure 3 :  Location of a first set of seismometers 
used to validate modeled and observed Hs trends
 

Within this first 3 years we will focus on R&D for improving wave estimation algorithms on altimeters and SARs, 
looking at altimeter retracking and denoising, SAR image homogeneity issues and possible specific implementation 
for waves in sea ice (figure 4), also keeping an eye on other sensors (SWIM on CFOSAT, GNSS, Sentinel 2 …).  
We expect to produce 3 sea state data sets : 

- December 2018 :  v0 of altimetry SeaState CCI, based on Globwave, for years 1992-2017, 
with additional « denoised Hs » variable (Quilfen et al. 2018).

    - September 2019 : v1 of Sea State CCI datasets for years 2002-2018
 - October  2020 : v2 of Sea State CCI datasets for years 2002-2018
   -  May 2020 : Final data set for « phase 1 »

The use of the data will be demonstrated, within the project, for particular case studies with extremes at the coast, 
extratropical storms, global patterns and climate indices (ENSO, AMO, PDO …), marginal ice zones. 
The Sea State CCI team is also advised by a « Climate Research Group » that is part of the WMO/IOC 
« COWCLIP » group (Hemer et al. 2010), and we will work closely with the climate observation and modelling 
communities, as well as the Copernicus Marine service (CMEMS).

Derived products, such as monthly mean Hs will be integrated in the CCI for 
easy combination with other variables in different tools such as the « Climate 
from Space » app and the CCI Toolbox.  

Feedback from a wider user community will be sought and integrated through the 
active participation of indentified users, and open « User Consulation Meetings » 
in the fall of 2019 (Brest, France)  and 2020 (Plymouth, UK). Figure 5 : swell « fireworks » as produced by CMEMS using Sentinel 1A & 1B
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