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Abstract — In this paper time series wave data measured continuously for 24 hours during a storm in Yura Sea
Area are used to investigate statistical characteristics of nonlinear waves. The exceedance probability of wave
height is compared using the Rayleigh distribution and the Edgeworth-Rayleigh (ER) distribution. Wave data
which show stationary state for 10 hours contain 4600 waves approximately. The Gram-Chalier distribution
fits the probability of wave elevation better than the Gaussian distribution. The Rayleigh (H,.s) distribution
follows the exceedance probability of wave height in general and predicts the probability of freak waves well.
The ER distribution overpredicts the exceedance probability of wave heights and the occurrence of freak
waves. [f wave data measured for 30 minute period which contains 250 waves are used, the ER distribution
can predict the occurrence probability of freak waves well. But it overpredicts the probability of overall wave
height If no freak wave occurs, the Rayleigh (H...,) distribution agrees well with wave height distribution for
the most of wave height ranges. The wave height distribution of freak waves of which height are less than
10 m shows similar tendency compared with freak waves greater than 10 m. The value of H,.../H 5 is related
to the kurtosis of wave elevation. It seems that there exists threshold value of the kurtosis for the occurrence
of freak waves.

Keywords: W] 3 3 (Nonlinear Waves), I3+ 3 (Wave Height Distribution), 33 %3 (Distribution of
Wave Elevation), 2% 2]¥ 3 (Rayleigh Distribution), I #] ¢ ~~-2d 2] 3 (Edgeworth-Rayleigh Distri-
bution), “134-2H2] -3 (Gram-Chalier Distribution), Freak wave
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Table 1. Wave data

Location 1 3
Data name D0122501 D0122502
duration 23.7h 23.7h

Hypox 10.39 m 9.84m

Peak wave time 8600 s 11,900 s
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Fig. 1. Time history of Hya., Hs, and Ty3 for 24 hours measured by
wave gauge No. 1.
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Fig. 2. Time history of Huu, Hi;3, and T3 for 24 hours measured by
wave gauge No. 3.
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Table 2. Summary of wave statistics during 10 hours

Description No. 1 NO. 3
Data name D01225 B1 _SSDO01225 B3 SS
Duration (s) 36,000 36,000
Number of waves 4603 4621
Mean wave height H, (m) 3.034 3.010
Maximum wave height H,,. (m) 10.393 9.841
Significant wave height H,; (m) 4.808 4.785
Significant wave period 75 (s) 7.852 7.761
Ho/Hi3 2.162 2.057
RMS of elevation /s (m) 1.290 1.284
Skewness () 0.183 0.163
Kurtosis (k) 3.112 3.104
RMS wave height H,,,; (m) 3412 3.387
m,"* (m?) 1.281 1.275
Significant wave height H, (m) 5.125 5.100
Zero upcrossing period 7= (s) 7.373 7.371
Spectrum bandness (V) 0.435 0.435
Sifnificant steep ness (S) 0.065 0.065
Hy/H,s; 0.938 0.938
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Fig. 5. Detail of probability distribution of wave elevation (center).
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Fig. 9. Exceedance probability of wave height measured by No. 3 wave
gauge.

Table 3. Summary of 30 minute wave data which contain freak wave

Data (30 min) N Hyp(m) Hj;3(m) HuolH3
D01225B1 05 233 10.39 4.89 2.13
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Fig. 10. Exceedance probability of wave height.
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Fig. 11. Exceedance probability of wave height.
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