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1. INTRODUCTION 
 

1.1. Research motivation 

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. Since Longuet-
Higgins (1952) introduced the Rayleigh distribution for describing the probability of wave height 
occurrence under certain conditions, based on results from Rice (1945), it has become the basis 
for describing wave height statistics. Many studies (Al-Humoud et al., 2001; Cartwright & Longuet-
Higgins, 1956; Forristall, 1978; Longuet-Higgins, 1957, 1963, 1975, 1980, 1984; Mori & Yasuda, 
2001; Tayfun, 1981a, 1981b, 1983, 1984, 1990, 1994, 2004, 2006, 2007; etc.) have been carried 
out in the last half century in order to find a better adjusted probability distribution, either theoretical 
or empirical, or simply to demonstrate agreement by using observations in the field. However, no 
clear conclusion has been derived as yet. The present study intends to give an overview of the 
most important existing theories and compare them with the observations from the Mediterranean 
and North Sea.  

The motivation for the present research was the apparent “Maximum wave height paradox”. 
On the one hand, one found that the significant wave height was overpredicted by linear theory 
(Holthuijsen, 2007), having a discrepancy of approximately 7.5%. On the other hand, Cartwright 
(1958) found that the maximum wave crest was reasonably well predicted by a modified linear 
theory, including the spectral bandwidth of the spectrum. For his observations, such an inclusion 
caused a difference with the original linear theory lower than 2%, being far from 7.5%. This 
discrepancy led to investigate deeply the wave height statistics. 

 

1.2. Objectives 

The present study, which focuses on deep water, aims to gain an insight into some of the 
most important existing theories of short term statistics. It is based on the analysis of 40,000 time 
wave records (approx. 10 million waves) from 4 buoys off the Catalan coast (Mediterranean Sea) 
and 69 wave records (approx. 9,000 waves) from 2 laser altimeters in the North Sea (the WADIC 
project). 

The Mediterranean data is the result of a meticulous quality control process performed on 
raw data directly obtained from the buoys during the period of 1991-2006. This large amount of 
data will hopefully serve to obtain more reliable results and diminish sampling errors. Although the 
length for each record is limited by the requirement of stationary, by normalizing the records with 
the standard deviation of the surface elevation, one can construct sets of large samples. 

Although the amount of the Mediterranean data is clearly enough, a complementary analysis 
has been made with 69 wave records from the North Sea obtained with two laser altimeters, which 
were used in the WADIC project (Allender et. al, 1989). The reasons are mainly twofold: the 
inclusion of higher wave heights and a comparison between statistics of buoy and laser 
registrations. The buoy might tend to avoid the wave crests and therefore underestimate them 
whereas a laser altimeter does not suffer from this effect. 

The starting point is the well-known Rayleigh distribution for wave heights for a narrow-band 
spectrum, assuming the surface elevation being Gaussian distributed. It will be shown that, 
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although the Rayleigh distribution is derived for such limited conditions, its capacity of prediction is 
reasonably good. However, the Rayleigh distribution often overpredicts the observed wave height 
(Holthuijsen, 2007; Forristall, 1978 1984; Longuet-Higgins, 1980; Naess, 1985; Nolte et al., 1979; 
Rodríguez et al., 2002; Vinje 1989, etc.) but sometimes the effect is the opposite, observed higher 
wave heights are larger than those predicted (Mori & Janssen 2005). Therefore, other theories are 
studied, trying to describe better wave height statistics. Firstly, some versions of linear theory are 
made (Longuet-Higgins, 1980; Tayfun, 1981b, 1990; Naess, 1985) in order to try to solve the 
overprediction problem. That is partly related with assumption of narrow-band spectrum. Secondly, 
nonlinearities are invoked (Al-Humoud et al., 2001; Mori & Yasuda, 2001; Tayfun, 1983, 1984, 
1994, 2006, 2007) with the aim of understanding the reason for encountering large wave heights in 
some records. In that case, the surface elevation is not considered to be Gaussian distributed 
since terms of higher order are included. 

In general, as the theories include more general situations and are less limited by 
assumptions, the formulation becomes noticeably more complicated, in some cases leading to 
complex expressions for the probability density function and therefore requiring numerical 
integration. One important question is whether such more complicated probability distributions 
should be preferred, or, otherwise, the simpler Rayleigh distribution. One consideration is that it is 
preferable to have a formulation depending only on spectral parameters (which can be predicted 
from wind prediction) than on analysis from time records themselves. 

In conclusion, the principal objectives are: 

• Statistical and spectral analysis of the Mediterranean data, being the raw data 
previously filtered. 

• Comparison of observations to linear theory predictions, and, if necessary, to more 
advanced theories.  

• Complementary analysis, using the North Sea data (from 2 laser altimeters). 

 

 

 


