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In recent wave tank experiments Onorato et. al. (2005) show that a Benjamin- Feir
type modulation instability (Benjamin & Feir, 1967) is dominant only in long-crested
narrow-band waves. They investigated the spatial evolution of waterwaves in a tank
and found that the kurtosis tends to exceed its gaussian value and stabilizes monoton-
ically as the distance from the wavemaker increases. Further, the deviation from gaus-
sianity strongly affects the wave-crest amplitudes whose sample distribution derived
from the tank measurements seems to deviate from the Tayfun distribution (Tayfun,
1986). Strong deviations from the Rayleigh law were also found for the crest-to-trough
height distribution ( Onorato et al. 2004). Socquet-Juglard et al. (2005) arrive at the
same conclusions by studying the time evolution of homogenous random fields by
means of numerical simulations.

In this talk, we present a stochastic theory of extreme events based on the Eulerian
and Lagrangian description of water waves. In the Eulerian framework, the start-
ing point is the Zakharov equation (Zakharov, 1999) which governs the dynamics of
weakly nonlinear surface waves. Guided by the theory of quasi-determinism of Boc-
cotti (1989,2000) and supported by the analytical work of Lindgren (1972) and the
regression approximation method of Rychlik (1987),we present a stochastic theory
of wave groups which explains how a freak wave occurs during the spatial evolution
of stationary, gaussian initial conditions as in channel experiments or during the time
evolution of homogenous, gaussian random fields. As a corollary a new probability of
exceedance of the crest-to-trough height which takes in to account the quasi-resonance
interaction is derived. The new wave height distribution explains the strong deviations
from the Rayleigh law.

In the context of Lagrangian waves, we present some new results about the statistics of



multi-frequency Gerstner waves. Using the theory of Quasi-determinism of Boccotti
, we derive the shape of the extreme wave and the probability of exceedance of the
wave crest. The differences between the Eulerian waves and Lagrangian waves are
discussed in the context of extreme events.

REFERENCES

Benjamin, TB & Feir JE (1967). The disintegration of wave trains in deep water. Part
1. Theory. Journal of Fluid Mechanics; 27:417-430.

Boccotti P.(1989). On mechanics of irregular gravity waves. Atti Acc. Naz. Lincei,
Memorie; 19:11-170.

Boccotti P. (2000). Wave mechanics for ocean engineering. Elsevier Science, Oxford.
Janssen, Peter A. E. M. (2003) Nonlinear four-wave interactions and freak waves. J.
Phys. Oceanogr. : 33(4), 863-884.

Dysthe, K.B., Trulsen, K., Krogstad, H.E. & Socquet-Juglard, H. (2003) Evolution of
a narrow-band spectrum of random surface gravity waves, J. Fluid Mechanics 478, 1
- 10

Lindgren, G (1972) Local maxima of Gaussian fields. Ark. Mat. 10, 195–218.

Onorato M, Osborne AR, and Serio, M. (2005). On Deviations from Gaussian Statis-
tics for Surface Gravity Waves. Proceedings, 14th ’Aha Huliko’a Hawaiian Winter
Workshop on Rouge Waves.

Onorato M., Osborne AR,Cavaleri L.,Brandini C., Stansberg CT (2004) Observation
of strongly non-gaussian statistics for random sea surface gravity waves in wave flume
experiments. Phys. Rev E, 70, 067302

Rychlik, I. (1987) Regression approximations of wavelength and amplitude distribu-
tions. Adv. in Appl. Probab. 19, no. 2, 396–430.

Socquet-Juglard, H., Dysthe, K., Trulsen, K., Krogstad, H.E. & Liu, J. (2005) Proba-
bility distributions of surface gravity waves during spectral changes, J. Fluid Mechan-
ics 542, 195 - 216

Tayfun, M.A. (1986) On Narrow-Band Representation of Ocean Waves. Part I: Theory.
J. Geophys. Res.;91(C6):7743-7752.

Zakharov, V. (19990 Statistical theory of gravity and capillary waves on the surface of
a finite-depth fluid. Eur. J. Mech. B Fluids 18, no. 3, 327–344.


