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One of the beauty of the nature  One of the beauty of the nature  



Freak wavesFreak waves

Gi tGi t
Rogue wavesRogue waves

Giant wavesGiant waves

Extreme wavesExtreme waves
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Freak waves, rogue waves and giant waves Freak waves, rogue waves and giant waves 

Gaussian seasGaussian seasNonlinea ate a esNonlinea ate a es Gaussian seas Gaussian seas 
and extreme waves and extreme waves 

Nonlinear water waves Nonlinear water waves 



⎪
⎧

=
Φ∂

+
Φ∂ 0

22

Stokes Equations for regular wavesStokes Equations for regular waves
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Gaussian seasGaussian seas
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Typical wave spectra from Mediterranean sea*Typical wave spectra from Mediterranean sea*
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*from *from Boccotti P.  Boccotti P.  Wave MechanicsWave Mechanics 2000 Elsevier2000 Elsevier
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NECESSARY AND SUFFICIENT CONDITIONS  TO  HAVE A HIGH WAVENECESSARY AND SUFFICIENT CONDITIONS  TO  HAVE A HIGH WAVE
*Theory of quasi*Theory of quasi--determinism,determinism, Boccotti P.  Boccotti P.  Wave MechanicsWave Mechanics 2000 Elsevier2000 Elsevier

Time domain analysisTime domain analysis
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What happens in the neighborhood of a point x0

SpaceSpace--time domain analysis*time domain analysis*

( )

if a large crest followed by large trough are
recorded in time at x0 ?
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Necessary and sufficient conditions for the occurrence of two high wave crests

Time domain analysis: successive wave crests*Time domain analysis: successive wave crests*

Necessary and sufficient conditions for the occurrence of two high wave crests 
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* Fedele F., * Fedele F., Successive wave crests in a Gaussian seaSuccessive wave crests in a Gaussian sea, , Probabilistic Eng. MechanicsProbabilistic Eng. Mechanics 2005 (to appear)2005 (to appear)
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Corollary: joint probability successive wave crests*Corollary: joint probability successive wave crests*
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Monte Carlo Simulations 
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* Fedele F., * Fedele F., Successive wave crests in a Gaussian seaSuccessive wave crests in a Gaussian sea, , Probabilistic Eng. MechanicsProbabilistic Eng. Mechanics 2005 (to appear)2005 (to appear)



What happens in the neighborhood of a point x0

SpaceSpace--time domain analysistime domain analysis
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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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Linear wave group dynamicsLinear wave group dynamics
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Nonlinear evolution of the linear wave groupNonlinear evolution of the linear wave group
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Sufficient conditions to have an extreme crest*Sufficient conditions to have an extreme crest*

At  (x=0, t=0) we impose that all the 
harmonic components are in phase 

(focusing) 
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*Fedele F. The occurrence of Extreme crests and the nonlinear wave-wave interaction in random seas,
PROCEEDINGS of XIV International Offshore and Polar Engineering Conference (ISOPE) Toulon, FRANCE may 23-28 2004 



The narrow band limit*The narrow band limit*
The nonlinear Schrodinger (NLS) equationThe nonlinear Schrodinger (NLS) equation

Particular case of the Particular case of the 
ZAKHAROV EQUATIONZAKHAROV EQUATION
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Intermittency ( FERMIIntermittency ( FERMI--ULAM PASTA recurrence) ULAM PASTA recurrence) 

*Fedele F. The occurrence of Extreme crests and the nonlinear wave-wave interaction in random seas,
PROCEEDINGS of XIV International Offshore and Polar Engineering Conference (ISOPE) Toulon, FRANCE may 23-28 2004 
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Recurrent solutions* & IntermittencyRecurrent solutions* & Intermittency
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IF ENERGY CONTENT OF SMALL SCALES IS SMALL IF ENERGY CONTENT OF SMALL SCALES IS SMALL 
IT REMAINS SMALL FOR ALL THE TIME IT REMAINS SMALL FOR ALL THE TIME 

n
∑

ENERGY PERPETUALLY DISTRIBUTED BETWEEN ENERGY PERPETUALLY DISTRIBUTED BETWEEN 
FINITE SET OF MODES FINITE SET OF MODES RECURRENT SOLUTIONSRECURRENT SOLUTIONS

BENJAMINBENJAMIN--FEIR INSTABILITY & FERMIFEIR INSTABILITY & FERMI--ULAM PASTA RECURRENCEULAM PASTA RECURRENCE

*Thyagaraja. Recurrent motions in certain continuum dynamical systems Physics of Fluids 22(11) 1979, pp. 2093-2096



MonteMonte--Carlo simulationsCarlo simulations
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QuasiQuasi--solitonic wave turbulence*solitonic wave turbulence*
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formation of coherent structures 
Due to modulation instability 

(phase locking) kk
dissipation inverse cascade by radiation

(phase locking) 

direct cascade due to four-wave resonance
(nonlinear focusing )

kks

formation of 
coherent structures 
due to phase locking

TRAVELLING WAVES 

due to phase locking

True Solitons    
(localized solitary wave)

Embedded 
solitons 

(local solitary wave 
with

Quasi-solitons  
(non-local solitary 

wave with

Self-similar 
Collapsing 

solitons

*Cai, Majda, Laughlin & Tabak, Dispersive wave turbulence in one dimension PHYSICA D 152-153 (2001) 551-572
Zakharov, Dias & Pushkarev, One-dimensional wave turbulence Physics reports 398 (2004) 1-65

(localized solitary wave) with 
exponentially 

small tail )

wave with 
non-zero 

tail-radiation) 


