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Rogue waves Rogue waves Rogue waves Freak waves Freak waves Freak waves 



HHmaxmax=25.6 m  ! =25.6 m  ! 

Extremely rare event Extremely rare event 
according to Gaussian according to Gaussian 

model!!! model!!! 

But they still occur in open But they still occur in open 
ocean  ! ocean  ! 

DRAUPNER EVENT JANUARY 1995DRAUPNER EVENT JANUARY 1995DRAUPNER EVENT JANUARY 1995



ROGUE WAVESROGUE WAVES

Rare events of a normal populationRare events of a normal population
((bad day at the towerbad day at the tower))

or or 
typical events of a special population ?typical events of a special population ?

((need of new physicsneed of new physics) ) 

ANSWER hidden in the statistical structure of ANSWER hidden in the statistical structure of 
weakly nonlinear random waves weakly nonlinear random waves 



MY CONTRIBUTIONMY CONTRIBUTION

CONCEPT OF NONLINEAR STOCHASTIC WAVE GROUP CONCEPT OF NONLINEAR STOCHASTIC WAVE GROUP 
(Nonlinear (Nonlinear SlepianSlepian model)   model)   

MAIN RESULT MAIN RESULT 

Crest Crest exceedanceexceedance for weakly nonlinear for weakly nonlinear random fieldsrandom fields

COROLLARYCOROLLARY

the the Generalized Generalized TayfunTayfun distributiondistribution (GT)  for the oceanic turbulence of (GT)  for the oceanic turbulence of ZakharovZakharov
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Quantum version of the 
The Nonlinear Schrödinger (NLS) equation 

cousin 
of 

the Korteweg-de Vries Equation 03
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Quartet interaction
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A sea of weakly dispersive nonlinear waves

…… and by multiple scale perturbation method  & MUCH MORE  and by multiple scale perturbation method  & MUCH MORE  ……
……you get the WAVE TURBULENCE of you get the WAVE TURBULENCE of ZakharovZakharov ……

……START WITH STOKES EQUATIONS TO MODEL WAVE DYNAMICS START WITH STOKES EQUATIONS TO MODEL WAVE DYNAMICS 
…………
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Oceanic turbulence of Oceanic turbulence of 
ZakharovZakharov

…moreover for deep water narrowband waves 
the Zakharov equation  reduces to  the NLS equation…

NON-INTEGRABILITY

Chaos 

PERIODIC ORBIT THEORY
Turbulence: walk through a repertoire of 
recurrent patterns- Cvitanović, GATECH

Nonlinear interactions of  Nonlinear interactions of  
‘‘stochastic wave groupsstochastic wave groups’’??

INTEGRABILITY

Non-chaos

Nonlinear interaction of waves and solitons

NONLINEAR FOURIER ANALYSIS
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Let’s start from scratch …..  GAUSSIAN SEASLetLet’’s start from scratch s start from scratch ……..  GAUSSIAN SEAS..  GAUSSIAN SEAS

Gaussian, ergodic & stationary process of time & space

=

RANDOM FIELDS

Gaussian, Gaussian, ergodicergodic & stationary process of time & space& stationary process of time & space

==

RANDOM FIELDSRANDOM FIELDS

( )t,xη



What happens in the neighborhood of a point x0 if a large crest is 
recorded  in time at x0 ? 

SPACESPACE--TIME covariance TIME covariance 

( ) ( ){ } ( ) Δ+−Ψ== 00 ,,, tthhtt 00 x-xxx ηη

variableRayleighresidualrandom h,Δ

““ stochastic wave groupstochastic wave group ““
BoccottiBoccotti 19891989

““ SlepianSlepian modelmodel ““
Lindgren 1972, Adler 1981Lindgren 1972, Adler 1981



( ) nonlinearff )(11 •η+η=η

( ){ } ( ){ }100100 ,, htxhtx =ηη==ηη

Nonlinear Conditional process

( )εO ( )2εO

Non-Gaussian stochastic group

* Fedele F. 2008. Rogue waves in oceanic turbulence Physica D ( in press)

Difficult to solve … Easy … nonlinear function of a 
Gaussian stochastic group  

Generic weakly nonlinear field *
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stochastic wave group at focusing & Excursion set  {stochastic wave group at focusing & Excursion set  {ηη>h}>h}

EXEXmaxmax(z(z))==

expected number of expected number of 
maxima with amplitude zmaxima with amplitude z
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Second order effects: Second order effects: BOUND WAVESBOUND WAVES Third order effects : Third order effects : FREE WAVESFREE WAVES

L I N E A R  T E R M

L IN E A R  &  N O N -L IN E A R   T E R M S

N O N  L IN E A R  W A V E

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

Benjamin-Feir Index: 
BFI=steepness/bandwitdh

DOMINANT ONLY IN 
UNIDIRECTIONAL NARROWBAND SEAS !

CrestCrest––trough asymmetry trough asymmetry 

skewnessskewness>0>0

NONLINEAR EFFECTS TAKEN INTO ACCOUNTNONLINEAR EFFECTS TAKEN INTO ACCOUNTNONLINEAR EFFECTS TAKEN INTO ACCOUNT
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steepness                                                kurtosis

Tayfun distribution

* Fedele F. 2008. Rogue waves in oceanic turbulence Physica D ( in press)
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•• GT similar to the GRAMGT similar to the GRAM--CHARLIER (GC) approximation of  CHARLIER (GC) approximation of  TayfunTayfun & & FedeleFedele, OE 2007 , OE 2007 

••GT stems from the GT stems from the ZakharovZakharov model with no priori assumptions on the statistical model with no priori assumptions on the statistical 
structures of the solution as in GC modelsstructures of the solution as in GC models

THE GENERALIZED TAYFUN (GT) DISTRIBUTION*THE GENERALIZED TAYFUN (GT) DISTRIBUTION*THE GENERALIZED TAYFUN (GT) DISTRIBUTION*



WHAT ABOUT REALISTIC OCEANIC CONDITIONS ? 

Benjamin-Feir Index  
BFI=1.4  

Steepness µ=0.075

Rayleigh

Tayfun

Generalized Tayfun

* Fedele F. 2008. Rogue waves in oceanic turbulence Physica D ( in press)

WAVE FLUME DATA COMPARISONS* 
(Onorato et al. 2005)

WAVE FLUME DATA COMPARISONS* WAVE FLUME DATA COMPARISONS* 
((OnoratoOnorato et al. 2005)et al. 2005)



Input stereo pair images. The rectangular domain (8 m x  8.7 m). 
The height of the waves is in the range ±0.2 cm.

Reconstructed wave surface

VARIATIONAL WAVE ACQUISITION STEREO SYSTEM (VWASS)VARIATIONAL WAVE ACQUISITION STEREO SYSTEM (VWASS)VARIATIONAL WAVE ACQUISITION STEREO SYSTEM (VWASS)
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PRELIMINARY RESULTS : wave statistics and spectraPRELIMINARY RESULTS : wave statistics and spectra
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Gaussian

III Gram-Charlier
pdf Tayfun

Generalized Tayfun ~ Tayfun

SECOND ORDER EFFECTS DOMINANT !! 

η/σ

PRELIMINARY RESULTS :Probability density function of wave surfacPRELIMINARY RESULTS :Probability density function of wave surfacee



EC = #connected components - # holesEC = #connected components - # holes

EC counts number of large maximaEC counts number of large maxima

BEYOND WAVES & SPECTRA: Euler Characteristic of excursion sets BEYOND WAVES & SPECTRA: Euler Characteristic of excursion sets 

The geometry of random fields
Adler (1981), Adler, Taylor & Worsley (2007)



OneOne--toto--one correspondence between large maxima & 3D one correspondence between large maxima & 3D upcrossingsupcrossings

as in one dimensional stochastic processes as in one dimensional stochastic processes 

EC counts also large 3D UpcrossingsEC counts also large 3D EC counts also large 3D UpcrossingsUpcrossings

s

t



0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
10

-1

10
0

10
1

10
2

h/σ

E
ul

er
 C

ha
ra

ct
er

is
tic

 E
C

 

 
VIDEO DATA

Gaussian EC
Tayfun EC
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VIDEO DATA

Gaussian EC
Tayfun EC
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Euler characteristic EC of nonlinear wave fieldsEuler characteristic EC of nonlinear wave fields
((PiterbargPiterbarg--TayfunTayfun model)model)



•In open ocean rouge waves appear to be simply rare events of normal 
populations 

•For special wave conditions (undirectional waves in wave flumes) third 
order resonant interactions are also dominant 

CONCLUSIONS



STEREOSTEREO--VIDEO IMAGERY & HOTVIDEO IMAGERY & HOT--WIRE/SONIC ANEMOMETRY EXPERIMENTSWIRE/SONIC ANEMOMETRY EXPERIMENTS

GLOBAL TEAM 
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ROGUE WAVES , HURRICANE WAVES , GIANT WAVES,  FREAK WAVES ………

ATMOSPHERIC BOUNDARY LAYER & WINDATMOSPHERIC BOUNDARY LAYER & WIND--WAVE INTERACTIONWAVE INTERACTION


