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HHmaxmax=25.6 m =25.6 m 

withwithwith with 

HHmaxmax/H/Hss>2 !>2 !

1 in 200,000 waves  1 in 200,000 waves  

according to Rayleigh lawaccording to Rayleigh law
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LINEAR WAVES : GAUSSIAN SEASLINEAR WAVES : GAUSSIAN SEASLINEAR WAVES : GAUSSIAN SEASLINEAR WAVES : GAUSSIAN SEAS
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TYPICAL WAVE SPECTRA OF THE MEDITERRANEAN SEA*TYPICAL WAVE SPECTRA OF THE MEDITERRANEAN SEA*TYPICAL WAVE SPECTRA OF THE MEDITERRANEAN SEA*TYPICAL WAVE SPECTRA OF THE MEDITERRANEAN SEA*

Time covariance Spectrum

*from *from Boccotti P.  Boccotti P.  Wave MechanicsWave Mechanics 2000 Elsevier2000 Elsevier



OCCURRENCE OF A HIGH WAVE IN GAUSSIAN SEAS* OCCURRENCE OF A HIGH WAVE IN GAUSSIAN SEAS* 
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EXPECTED SHAPE OF THE SEA LOCALLY TO A HIGH WAVE*EXPECTED SHAPE OF THE SEA LOCALLY TO A HIGH WAVE*EXPECTED SHAPE OF THE SEA LOCALLY TO A HIGH WAVE*EXPECTED SHAPE OF THE SEA LOCALLY TO A HIGH WAVE*
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What happens in the neighborhood of a point x0 if a
large crest followed by large trough are recorded in
time at x0 ?
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EXPECTED SHAPE OF THE SEA LOCALLY TO EXPECTED SHAPE OF THE SEA LOCALLY TO 
TWO SUCCESSIVE WAVE CRESTS *TWO SUCCESSIVE WAVE CRESTS *
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What happens in the neighborhood of a point x0
if two large successive wave crests  are recorded  in time at x0 ? 
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What is hidden “behind” this equation ?What is hidden “behind” this equation ?What is hidden “behind” this  equation ?  What is hidden “behind” this  equation ?  

* Fedele F., 2006. * Fedele F., 2006. On wave groups in a Gaussian sea. On wave groups in a Gaussian sea. Ocean Engineering 2006 ( in press)Ocean Engineering 2006 ( in press)
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Second order effects: Second order effects: BOUND WAVESBOUND WAVES Third order effects : Third order effects : FOURFOUR--WAVE RESONANCEWAVE RESONANCE
L I N E A R T E R M

NONLINEAR RANDOM SEASNONLINEAR RANDOM SEASNONLINEAR RANDOM SEASNONLINEAR RANDOM SEAS

L I N E A R  T E R M
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N O N L IN E A R W A V EN O N  L IN E A R  W A V E

CrestCrest--trough symmetry : trough symmetry : kurtosis>3kurtosis>3

Benjamin-Feir Index BFI=steepness/bandwitdh

Modulation instability: Fermi Ulam-Pasta recurrence

Effects on slow time scale :  wave period/steepness^2CrestCrest––trough asymmetry : trough asymmetry : skewness>0skewness>0

DOMINANT ONLY IN 
UNIDIRECTIONAL NARROW-BAND SEAS !

Wave height almost linearWave height almost linear

Effects on Short time scale : wave period 



NONLINEAR RANDOM SEAS cont’dNONLINEAR RANDOM SEAS cont’dNONLINEAR RANDOM SEAS cont’dNONLINEAR RANDOM SEAS cont’d
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NONLINEAR EVOLUTION OF A STOCHASTIC WAVE GROUP*NONLINEAR EVOLUTION OF A STOCHASTIC WAVE GROUP*NONLINEAR EVOLUTION OF A STOCHASTIC WAVE GROUP*NONLINEAR EVOLUTION OF A STOCHASTIC WAVE GROUP*

At  (x=0, t=0) we impose that all the elementary 
waves are in phase (focussing) 
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THE PROBABILITY OF EXCEEDING A FIXED WAVE AMPLITUDETHE PROBABILITY OF EXCEEDING A FIXED WAVE AMPLITUDE

Wave tank experiments: 
unidirectional narrow-band seas ( Onorato et all. 2005)

THIRD ORDER MODULATION  + SECOND ORDER EFFECTS 

P P

h H

Wave crest Wave height



THE PROBABILITY OF EXCEEDANCE  cont’dTHE PROBABILITY OF EXCEEDANCE  cont’dTHE PROBABILITY OF EXCEEDANCE  cont’dTHE PROBABILITY OF EXCEEDANCE  cont’d
Wave tank experiments: 
unidirectional narrow band seas ( Onorato et all 2005) TERN platform, time series ( 6,000 waves)unidirectional narrow-band seas ( Onorato et all. 2005)

unrealistic ocean conditions

MODULATION  + SECOND ORDER EFFECTS 

TERN platform, time series ( 6,000 waves) 

realistic ocean conditions

SECOND ORDER EFFECTS DOMINANT 

*Tayfun A.,Fedele F., Wave heights and nonlinear effects.Ocean Engineering (submitted )

**Fedele F., Tayfun A. Explaining extreme waves by a theory of Stochastic wave groups. PROCEEDINGS of OMAE 2006  ( in press)


