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The heights and periods of the largest waves 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. Rare events have so far escaped

measurements, with few wave heights from satellite altimeters exceeding 16 m, and no associated measurement of wave periods.

Today, the analysis of extreme events relies on numerical models with very limited validation, because extreme waves are very localized.
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(C) SWOT low resolution (LR) global data resolves swells
with L > 500 m. These are wave periods T > 18 s.

Based on this capability we made a SWOT KaRIn Level-3 
Wind Wave product, distributed by CNES: 

L3_LR_WIND_WAVE : it contains wave spectra
First version: covers July 2023-June 2024 

ftp-access.aviso.altimetry.fr

(D)example of wave spectrum
(different resolutions available in the L3 product). 

The identification of swell partitions uses a priori 
knowledge of storm source. Partitionning tools available: 

https://github.com/ardhuin/swellSWOT
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Models and altimeters

Using L3: storm periods

Results: 
(E) mean wavelength LE increases with dist. from
storm d : LE ~ d2 : simple result of wave dispersion

(F) swell height Hss ~ d -9 :  This is a new result!
also visible (but more noisy) in CFOSAT data. 

It can be explained by 4-wave interactions in the storm
that lead to a f17 spectral shape: it is time to update the 
Pierson & Moskowitz (1964) spectral shape that was
reused in JONSWAP (Hasselmann et al. 1973)

Fitting a theoretical swell dispersion (blue) based on 
updated JONSWAP spectrum gives estimates of the 
Storm Peak Period (SPP): the peak period where Hs 
is maximum in the storm. 
For the SWOT data in (F) we get SPP=19.8 s

Analysis of swells from all storms in 2023-2024 gives SPPs in most energetic storms. 
This complements heights from altimeters since 1991. 

Top storms for 1991-2024: ranked by Model Max. significant Wave Height (MMWH). and for 2023-2024:   

significant wave heights (Hs) in storm Bolaven, October 2023 
(A) model Hs exceed 18 m (white contours) for less than 1 day.
• Maximum Modeled Wave Height (MMWH): 20.3 m
• Maximum Altimeter Wave Heights (MAWH): 15.4±0.2m
(based on CFOSAT, SWOT, J3, S3A, S3B, SARAL, CS2, S6A)
Altimeters miss the storm peaks. Is the model correct?

What about wave periods? 
(B) Models has periods T > 21 s (wavelengths L > 660 m)

Is it real? No information from standard altimeters

New parameter

In ocean remote sensing

https://github.com/ardhuin/swellSWOT
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