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TYPICAL WAVE SPECTRA FROM MEDITERRANEAN SEA TYPICAL WAVE SPECTRA FROM MEDITERRANEAN SEA 
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Asymptotic expressions of Boccotti  valid for any shape  of sprectrum
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PROBABILITY OF EXCEEDANCE OF THE WAVE HEIGHTPROBABILITY OF EXCEEDANCE OF THE WAVE HEIGHT
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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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Bivariate Weibull
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Corollary : joint probability of successive wave crestsCorollary : joint probability of successive wave crests



MONTE CARLO SIMULATIONS OF GAUSSIAN SEASMONTE CARLO SIMULATIONS OF GAUSSIAN SEAS



( )

















=+=

+∈++

2
*

200100

00

),x(,),x(

,),Xx(
Pr

hTthttodconditione

duuuTt

ηη

η

∞→∞→
σσ

21 , hh

),(
)()0(

)()0(),(
)()0(

)()0(),( *
22*

2
2

*
212

2*
2

2

*
221 TT

T
ThhT

T
ThhTc −Ψ

−
−

+Ψ
−
−

= XXX
ψψ
ψψ

ψψ
ψψη

),(),(),( 0000 TtxtxT ++=Ψ XX ηη

SPACESPACE--TIME DOMAIN ANALYSISTIME DOMAIN ANALYSIS

( )( )Ttu c ++− 00 ,Xxηδ

SPACESPACE--TIME covariance TIME covariance 

What happens in the neighborhood of a point x0
if two large successive wave crests  are recorded  in time at x0 ? 



WAVE GROUP DYNAMICS WAVE GROUP DYNAMICS 
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Nonlinear water waves Nonlinear water waves 



WEAKLY NONLINEAR ANALYSISWEAKLY NONLINEAR ANALYSIS

( )[ ]∑ +⋅=
n

nnn titatu ωxkx exp)(),(

∑∑ +=+
rqp

rqpnpqr
rqp

qpnpqnn
n aaaTaaQai

dt
da

,,

*2

,,

* εεω

)()( uNuL
t
u ε+=
∂
∂

Triad interaction Quartet interaction

rqn kkk +=
rqpn kkkk +=+

nk

pk
qk

nk

rk

pk

qk



∑ −−+−=+
rqp

rqprqpnnpqrnn
n BBBTiBi

dt
dB

,,

*δω

( )∑ ++⋅=
n

nnn
n ccttB
g

t ..exp)(
2

1),( ωω
π

η xkx

∑=
n

nn tBtB )()( *A

Conserved quantities : Hamiltonian , wave action and momentum

THE ZAKHAROV EQUATIONTHE ZAKHAROV EQUATION

∑∑ −−++=
rqpn

rqpnrqpnnpqr
n

nnn tBtBtBtBTtBtB
,,,

*** )()()()(
2
1)()( δωH

∑=
n

nnn tBtB )()( *kM

Quartet interaction

rqpn kkkk +=+

nk

rk

pk

qk



( )∑ ++⋅=
n

nnnn
n tttB
g

t )(cos)(
2

1),( ϕωω
π

η xkx

)0,0(00 ===
∂
∂

=∇ tat
t

and xηη ∑=
n

n
n B
g

H )0(
2

1
max

ω
π

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

Set initial conditions

Stationarity at  (x=0,t=0)

Amplitude at (x=0,t=0) 

SUFFICIENT CONDITIONS TO HAVE AN EXTREME CRESTSUFFICIENT CONDITIONS TO HAVE AN EXTREME CREST

)~exp(~)( 0 nnn iBttB ϕ=−=

Nnn ,....10)0( ==ϕ

From the ZAKHAROV EQUATIONFrom the ZAKHAROV EQUATION

[ ])(exp)()( titBtB nnn ϕ=

∑ −−+−=+
rqp

rqprqpnnpqrnn
n BBBTiBi

dt
dB

,,

*δω



∑∑

∑∑

−−+

−−+

+=

+

rqpn
rqpnrqpnnpqr

n
nn

rqpn
rqpnrqpnnpqr

n
nn

BBBBTB

BBBBTB

,,,

2

,,,

2

~~~~
2
1~

)0()0()0()0(
2
1)0(

δω

δω

∑=
n

n
n B
g

H )0(
2

1
max

ω
π

Maximum amplitude at (x=0,t=0) 

Optimization problem 

with the following constraints 

SUFFICIENT CONDITIONS TO HAVE AN EXTREME CRESTSUFFICIENT CONDITIONS TO HAVE AN EXTREME CREST

∑
n

n
n B
g

)0(
2

1max ω
π

∑∑∑∑ ==
n

nn
n

nn
n

n
n

n BBBB 2222 ~)0(~)0( kk



∞→→
+ σ

Hif
TbN
TbNcr 1

),(
),(

( ) ∞→−⋅= ∫ σ
ω

σ
η HdtEHt nn kxkkx cos)(),( 2det

Theory of Quasi-Determinism of Boccotti

Discrete form 

Initial conditions which give the highest crest at (x=0,t=0) for linear waves

HOW TO CHOOSE THE INITIAL CONDITIONSHOW TO CHOOSE THE INITIAL CONDITIONS

( ) ∞→−⋅= ∑ σ
ω

σ
η HtaHt

n
nnn xkx cos

2
1),( 2

2det

[ ] ∞→







−==>

+

+

σσ
bifb

TN
TbNbH 2

2

2
exp

),0(
),(Pr

Nna
g

HB nn
n

n ,....10~
22

~ 2
2

=== ϕ
ωσ
π



∑∑∑∑ −−+−−+ +=+
rqpn

rqpnrqpnnpqr
n

nn
rqpn

rqpnrqpnnpqr
n

nn XXXXTXwXXXXTXw
,,,

22

,,,

22 ~~~~~ δεδε

THE CONSTRAINED OPTIMIZATION PROBLEMTHE CONSTRAINED OPTIMIZATION PROBLEM

0max
),...( 1

≥∑
ℜ∈

n
n

nn
XX

XXw
N

N

∑∑∑∑ ==
n

nn
n

nn
n

n
n

n XXXX 2222 ~~ kk

11)1(max −=∞→+= ∑ nn XwHHH
π

λ
σ

λ



Third order effects due to nonlinear interaction of free harmonics

Second order effects due to bound harmonics

THE EXTREME CREST AMPLITUDE THE EXTREME CREST AMPLITUDE 
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What is the definition of  
Probability  of  exceedance ?
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Monte Carlo validation Monte Carlo validation 
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