Long swells and extreme storms: SWOT level 3 wave spectra
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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.

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

D power spectral density (dB re 1 m?
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For the SWOT data in (F) we get SPP=19.8 s
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Analysis of swells from all storms in 2023-2024 gives SPPs in most energetic storms. max(Hs) (m) _+ max. model for each event (MMWH) i
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New parameter
Top storms for 1991-2024: ranked by Model Max. significant Wave Height (MMWH). and for 2023-2024: In ocean remote sensing
rank name date  lon.(9 lat(9 Uio dir(® MMWH(m) modelT,(s) SWOTSPP(s) MAWH (m) rank name date lon.(9 lat.(9 Uip dir(® MMWH(m) model T, (s) |SWOTSPP(s) | MAWH (m)
1 Ronadh™ 20140105  031W 47N 318 258 23.0 20.4 18.7£0.2 5  Eddie* 20241221 161E 39N 289 273 20.8 19.6 20.2:0.6 |  19.70.3
2 Paul* 20130115 166E 39N 29.9 346 22.2 20.0 15.8+0.2
3 Voshiaki* 19981026 177W 49N 321 249 21 6 20.0 12.6+0.2 12 Bolaven 20231016 174W 42N 30.0 264 20.3 19.6 19.4+0.4 |  15.4+0.2
4 Luigi* 20150427  138E 565 289 239 21.0 20.0 18.140.3 17 Kirk 20241006 49W 33N 394 175 201 17.9 <18
56 Bertrand* 20230915  16E  47S 30.6 244 19.2 18.2 19.4+0.3 |  16.4+0.2
192 Manoa* 20241102 156W 52N 27.4 252 17.7 18.2 18.3+0.1 13.440.2
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