Nonlinear wave focusing as a mechanism of the freak wave generation in the ocean
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The freak wave appearance is a phenomenon observed in many areas of the World Ocean. Several physical mechanisms
of the freak wave phenomenon are discussed. First of all, the water wave interaction with opposite current is considered
as mechanism of wave amplification due to the blocking of water wave on current. The second mechanism of wave
amplification is related with the formation of caustics in the wave field on the random current. These theories are
applied to explain the freak wave formation in the Agulhas current off the south-east coast of South Africa. Many
observations of abnormal waves had been done in the areas with no strong currents. For such areas the mechanism of
wave focusing related with the dispersion enhancement has been studied analytically in the framework of the linear
theory and in the laboratory tank. Recently, it was shown that the effect of modulation instability (Benjamin — Feir
instability) of nonlinear water waves in deep water can produce giant waves, and the opinion that this mechanism
becomes very popular.

In our opinion, the mechanism of the focusing of nonlinear water wave packets related with the phase (frequency)
modulation should play significant role in the "short-lived" freak wave formation for both, deep and shallow water. This
mechanism may be realized for specific meteorological conditions. For instance, the increase of wind speed results that
wave packets with large group velocities are generated later than wave packets with lower group velocities, and due to
process of propagation the impulse of very large amplitude can be formed by the superposition of many spectral
packets. Significant wave focusing in laboratory tank was reported in several papers for the wide variation of the ratio
of wavelength/depth. In our paper analytical solutions, demonstrating this linear focusing mechanism, will be given. It
will be shown also that the mechanism of wave focusing is “working” in the nonlinear theory of shallow water. The
method to find possible forms of the wave trains evolved into the freak wave, including random background of wind
waves will be suggested. Because of absence of the Benjamin - Feir instability for shallow water, the “focusing”™
mechanism seems to be major in shallow water. For deep water the mechanism of freak wave formation due to focusing
of the nonlinear wave packets with the phase modulation will be compared with the possible generation of giant waves
due to the “‘usual’” Benjamin - Feir instability of water waves. Main result here is that the frequency modulation of a
nonlinear wave field leads to the greatest amplification of the freak wave than the amplitude modulation usually studied
in the theory of the Benjamin - Feir instability. Numerical simulations of the several evolution equations (Korteweg —
de Vries equation, nonlinear Schrodinger equation) demonstrate the details of the freak wave formation from
deterministic and random wave field. Particularly, these results are published in:
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