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Abstract 
In order to predict high waves, understanding ocean wave height statistics has become an important matter for 

civil engineering, especially for safety and prevention reasons.  

The present study, which focuses on deep water, has gained insight into some of the most important existing 
theories of short term statistics. It has been based on the analysis of 40,000 time wave records (approx. 10 million 
waves) from 4 buoys off the Catalan coast (Mediterranean Sea) from XIOM and complemented with about 9,000 
waves registered by two laser altimeters from the WADIC project (North Sea). The original raw Mediterranean data 
(approx. 40 million waves) have been filtered through a quality control. Such a quality control and the subsequent 
statistical and spectral analysis have been carried out with a MATLAB code, developed by the author for the present 
study. The analysis has mainly consisted of the comparison of the observed and predicted values for the most 
important descriptive parameters of surface elevation: the significant and maximum wave height (also for the crest and 
trough). 

The large amount of data has served to increase the reliability of the results since the sampling errors are 
diminished. The length of the samples (in terms of number of data points) is limited by a stationary requirement. 
However, by normalizing the records (dividing by the standard deviation of the surface elevation of each record), sets 
of large samples have been constructed, permitting the analysis of the maximum wave height (also crest and trough) 
for large numbers of waves. The comparison between the buoy and laser data has served to make evident, as in many 
other studies, that the buoy tends to avoid high crests and, because the buoy follows the orbital motion, it makes the 
surface profile more symmetric than it is in reality. However, the measurements of wave heights do not seem to be 
affected. 

The classical linear theory, apart from the assumption of the surface elevation being a large sum of 
independent harmonic waves (and, therefore, being Gaussian distributed), assumes a narrowband spectrum. This 
theory results in the well-known Rayleigh distribution for the prediction of the wave heights (Longuet-Higgins, 1952). 
Nevertheless, measured waves are slightly smaller than the predictions made by this theory. Other, more advanced, 
theories have been presented in the present study. They have been grouped into two, depending on whether they 
consider the surface elevation Gaussian distributed or not. In the first case, they try to solve the overprediction of the 
linear theory which is mainly related to the wide character of the spectrum. Secondly, the possible interactions between 
waves are considered, which lead to the presence of nonlinearities. They appear to be related to the kurtosis and 
skewness of the surface elevation: the kurtosis to an enhancement of wave heights and the skewness to the presence 
of an asymmetric profile (sharper crests and more rounded troughs). 

After the analysis of both sets of observations, it has been found that the significant wave height is 
overpredicted by 7% by the linear theory. Such a discrepancy is higher for the maximum wave height; in fact, the error 
made using the Rayleigh distribution increases toward the low-probability tail of the distribution. The presence of 
nonlinearities in the wave height appears to be weak. The overprediction of the wave height has been found to be 
mainly caused by the assumption in the Rayleigh theory of the wave height being double the crest height. The crest-to-
trough theory (Tayfun, 1981b), which assumes a certain time lag between crests and troughs, has been found to be 
the most appropriate theory but its results are not convincing in the sense that errors are 2-7 % for the most 
characteristic wave heights such as the mean wave height, rms wave height and significant wave height. However, if, 
for simplicity, results are needed within a 10% accuracy for estimating these wave heights, the Rayleigh distribution is 
quite acceptable (except for the maximum wave height). However, such accuracy may not be acceptable for 
engineering purposes. More research is needed to better quantify the effect of the spectral width.  

Contrary to the wave height results, the observations of crests and troughs have been found to differ noticeably 
between the buoy and laser records. In the first case, crest and trough levels were reasonably well predicted by the 
linear theory, the overprediction being, in general, less than 2%. In the laser records, they clearly manifested a 
nonlinear character typical of the physical pattern of pointed higher crests and shallower flattened troughs. Such 
nonlinearities were especially strong in the maximum wave crest / trough, in which the nonlinear theory of Tayfun 
(1994), and using an effective number of waves (Cartwright, 1958), underpredicted observed crests whereas 
overpredicted measured troughs. A possible reason is the sensitivity of results to the skewness, which is not a very 
robust parameter. 


