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There are two types of rare catastrophic events on
the ocean surface:

1. Freak waves (major catastrophic event)
2. Wave breaking (minor catastrophic event)

Freak waves are responsible for ship-wreaking, loss of boats, cargo and lives.
Wave breaking is the most important mechanism of wave energy dissipation
and for transport of momentum from wind to ocean.

Analytic theory is for both of these are not developed



YpoBeHn BOAL, M
20

Pue. 1.9, «Honoroansas nojinay, mpernerpuponannas n Cenepnom Mope
1 aupaps 1995 r. [106]

Bpoems, Miil

e
16 20

S-’;m BOHE ROAK, €M
800 -
400 +
0
Bpami, ¢
=400 ' |  m— T T T 1
0 400 800 1200 1600

Puc. 1.10. AnoMa/ibHAN BOJTHA, JAPErHCTPHPOBAHHAR ¢ Gyn
B Yepuom mope 22 nonbpa 2001 r. [12, 30]

“‘New Year” wave — 1995 year

Extreme wave in the Black sea — 2002 year



Satellite Radar

-15-10-5 0 5 10 15
eleyallan [m]



















Equations
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Conformal Mapping

of the domain on the plane =z = = + iy,

—o < r<oo, —o0<y<nlxrt),

to the lower half-plane,

—x<u<oo, —owo<v<0,

on the plane w = u + iv.
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Conformal Mapping

After this mapping, the surface profile is given
parametrically by

y=ylu,t), x=u-+x(u,t).
Functions y and = are coupled by the relations:
y:H:i‘ i:—ffy.

Here H is the Hilbert transformation,

. 1 °  flu
Hf(u)=—-PV. / f{u) du’ .
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For Fourier harmonics v, = isign(k)x;y.



Explicit Equations

If conformal mapping has been applied then it is naturally
iIntroduce complex analytic functions

J =x+ iy._ and complex velocity potential ® = W + H\W.

Z. = UZ,.
“TT > |(I H|2
b, = WUD, — P( 7. ) +ig(Z —u).
U is a complex transport velocity:
—HU,
U=POzE o

Projector operator P(f) = (1+ iH)(f).



Cubic Equations

It turned out, that the equations can be simplified just by
changing variables. Introduce instead of Z(w,t) and ®(w.t)
another analytic functions R(w.,t) and V (w,t)

1

R = :
Z*wJ

(I) Th —_— — 2 Ii Z T

R, = i[UR —U'R].
v, — iFW”—RP@iﬂﬂ+gga—n.

Complex transport velocity U is defined via r

U=P\VR+VR).



Setup the problem

* The shape of Stokes progressive wave is given by:

2 1
29 | Z.|

y =
while ¢ is related to the surface as

O = —c(Z —u). V =ic(R—1).
The amplitude of the wave % Is the parameter for |.C.,

For the sharp peaked limiting wave i—l ~ ().141.
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100 waves 1 = 0.095

* Put 100 such waves with small perturbation in the
periodic domain of 27

Dynamical modelling of ocean waves —p.-
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100 waves 1 = 0.09¢
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Figure 7: Zoom in surface profile
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Wave breaks. Momentum
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NLSE Soliton ;1 = 0.1
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Figure 10: Initial soliton. ko = 100, Lg = (), ] ememesinactoeanuass-p:



Freak waves — program for future.

We are planning to perform massive numerical simulation of different
stationary wave spectra to determine dependence of probability of
freak wave formation on energy spectrum.

Measuring of energy spectrum is a relatively easy problem. It will
Make possible to estimate a danger of freak wave appearance
in a given place in a given time...



Wave breakin

Evolution of the surface waves spectra is descrged by the
Hasselmann kinetic equation

aNk — Sin T SnI T Sdiss
ot

Here S, nothing but the standart quantum kinetics equation for Boson-type
Quasiparticles in the limit of large occupation numbers.

Sin - nothing but the standart quantum kinetics equation for Boson-type
quasiparticles in the limit of large occupation numbers.

S

To find Sin we should have an adequate theory of atmospheric boundary layer
over ocean. This boundary layer is badly turbulent.

diss - dissipation due to wave breaking.



To find Sdiss we need the theory of wave breaking. It is not developed yet.

But we can perform a numerical experiment

R_ i(R'U-RU')+ 7R
ot
%—\t/z i(UV'—RB')+g(R-1)+ 7V

7/k should be the same in both equations. The instability growth rate was

Yk
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Magnified surface shape Y(x) for time t=2994
(start of run-off)
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Surface shape Y(x) for time t=2994
Similar scale for both axes
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Steepness (t), smoothed

10000 15000 20000 25000 30000 35000

5000



35000

!
i
30000

Particular experiment

i
25000

i
20000

oH (1)
ot

|
i
15000

i
10000

4e-12 |-
6e-12 |-
8e-12 -~
-2e-11



Approximation of function: F(,U — ,Uo) — %
p— 1, <0.02:f(x)=6-10"°+4-107°x’
p— 1, >0.02:f(x)=2-10"°+5-10"x°

(numerical values obtained by least squares method)
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Let 77(r,t) elevation of ocean surface. In the first approximation this is quasi-
stationary, quasi homogeneous random process, close to Gaussian.

Simulation, Gauss, Tayfun
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Spectra 1, averaged over At100
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