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Distribution of Irregular Wave Height in Finite Water Depth
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Abstract (1 This study is concerned with an analytic derivation of the probability density function
applicable for wave heights in finite water depth using two different methods. As the first method
of the study, a probability density function is developed by applying a series of polynomials which
is orthogonal with respect to Rayleigh probability density function. The newly derived probability
density function is compared with the histogram constructed from wave data obtained in finite water
depth which indicate strong non-Gaussian characteristics. Althouth the probability density represents
the histogram very well, it has negative density at large values. Although the magnitude of the negative
density is small, it negates the use of the distribution function for estimating extreme values. As
the second method of the study, a probability density function of wave height is developed by applying
the maximum entropy method. The probability density function thusly derived agrees very well with
the wave height distribution in shallow water, and appears to be useful in estimating extreme values
and statistical properties of wave heights in finite water depth. However, a functional relationship
between the probability distribution and the non-Gaussian characteristics of the data cannot be obtai-
ned by applying the maximum entropy method.
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Fig. 1. Comparison between the Gram-Charlier series dis-
tribution and the histogram of deviations from the
mean value constructed from wave data obtained
in finite water depth.
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Fig. 2. Portion of wave records measured during the ARS-
LOE project at location D615 where mean water
dpeth is 2.1 meters.
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Fig. 3. Comparison between the non-Rayleigh series dist-
ribution and the histogram of peak to trough excu-
rsions of wave data obtained in finite water depth.
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Fig. 4. Comparison of the non-Rayleigh series distribu-
tions including up to Lyx%R), Lix*R), Lix*/R),
Ls(x*/R) terms, respectively, and the histogram of
wave data.
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Fig. 5. Comparison between the probability density func-
tion derived by applying the maximum entropy
method and the histogram of peak-to-trough excur-
sions of wave data obtained in finite water depth.
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Fig. 7. Probable extreme peak-to-trough excursions (wave

heights) as a function of number of waves.
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