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2. Estimation of Secondary Nonlinear Kernel Function of Weakly
Nonlinear, Quasi-Gaussian Irregular Sea Waves

Noriaki HASHIMOTO*

Synopsis

As the first approximation, irregular sea waves are expressed as the superposition of
infinite number of infinitesimal waves having various frequencies and propagation directions.
However, nonlinear effect can not be negligible in shallow or intermediate water depth.

The studies on nonlinear effect of sea waves have been made for many years and
many of the theoretical, experimental or observational studies have been reported.
However, harshly reviewing the past or current experimental or observational studies on
irregular waves, the standpoint of the studies was usually toward the verification of the
theories by the measurement, and it may lead to the confusion of the order of things
because, in a sense, the observational study should be made in an intension that the unknown
or unfamiliar phenomena will be clarified. The gap of this intention may be caused by the
unestablished situation of the statistical analysis method which can clearly express the
nonlinear effect of the measured wave data.

On the other hand, bispectral analysis method was developed to clarify the characteri-
stics of nonlinear and non-gaussin time series data and has been already applied to the
analysis of deep or shallow water waves. However, it may be true that we feel difficulty to
understand the meaning of bispectrum without the clearly established theory on nonlinear
effect of the phenomena.

Therefore, in order to understand the characteristics of various wave phenomena more
clearly, it is of great importance to develop a method which can directly express nonlinear
effect of the real wave phenomena. -

In this report, I call the quantity expressing the second order nonlinear effect “nonlinear
kernel function”, and propose a new method to estimate it from measured wave data. Though
this problem is a kind of an incomplete inverse poblem and it is impossible to estimate it
in a complete form, reasonable estimates of nonlinear kernel function can be successfully
estimated by the proposed method with the help of Bayesian Model and the ABIC (Akaike’s
Bayesian Information Criterion). Validity of the method is examined for numerical
simulation data and field wave data.

Key Words: Irregular Waves, Nonlinear Waves, Spectral Analysis

* Senior Researach Engineer, Marine Hydrodynamics Division
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