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Is Freak Wave Predictable?Is Freak Wave Predictable?
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ConclusionConclusion

Kurtosis depends on the shape of 
wave spectra and changes owing to quasi-
resonant interactions.
Freak waves/maximum wave height 
distributions can be predicted by a weakly 
non-Gaussian theory as a function of 
kurtosis.
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Freak Wave Prediction SystemFreak Wave Prediction System

Assumptions
•Homogeneous
•Consider free 
waves
•Unidirectional
•Gaussian dist. for 
frequency spectra

Assumptions
•Weakly Gaussian 
process for η
•Narrow banded 
spectra (H=2A)

Wave 
Spectra
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Max. 
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Height
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Weakly Non-Gaussian PDF of ηWeakly Non-Gaussian PDF of η

Edgeworth Expansion of Gaussian Process (1907)
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Maximum Wave Height DistributionMaximum Wave Height Distribution

No ad-hoc parameters are included!



Kurtosis and BFI: 1D CaseKurtosis and BFI: 1D Case



Kurtosis Evolution in TankKurtosis Evolution in Tank

Onorato et al.(2006) Eupo. J. Fluid Mech.
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Middle scale experiments

Experimental data
Rayleigh Dist.
ER Dist
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Wave Height DistributionWave Height Distribution

Experimental data
Rayleigh Dist.
ER Dist
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Maximum Wave Height Dist.Maximum Wave Height Dist.
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Probability of Freak Wave in TankProbability of Freak Wave in Tank
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Conclusion and OutlookConclusion and Outlook

Summary
Kurtosis depends on the shape of 
wave spectra and changes owing to quasi-
resonant interactions.
The maximum wave height distribution and 
occurrence probability of freak wave can be 
predicted by weakly non-Gaussian theory.

Further Study
Expansion of the theory including directional 
effects
Broad banded spectrum effects
Application to operational wave forecasts
Reliable measurements and experiments, careful 
statistical analysis, and numerical simluations
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