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14. CONCLUSIONS 
 

After the analysis of the present study the following can be concluded: 

• The correct maintenance of the instruments is essential in order to have reliable 
measurements of surface elevations. Although, it has recently been improved, the 
apparent low frequency of checking the proper operability of the buoys has lead to a 
database of raw time series being rather contaminated. In the present study, the 
quality control has become very complex and time consuming as it has had to be 
designed specifically for this data, basically due to the presence of many rough 
anomalies. In this task, the possible anomalies have been grouped in different 
types: 

o Rough errors, such as spikes or gaps 

o Buoys limitations: addition of trend, aliasing phenomenon, spectral energy 
in low frequencies due to knocks against the buoy... 

Owing to the above mentioned reasons, nearly 70 % this data set has been 
refused. 

• The type of instrument used for the registration of the surface elevation is very 
important. The comparison between buoy and laser altimeter data has clearly 
suggested that, as is predictable, the buoy tends to counteract nonlinear effects 
(due to its Lagrangian measurement), obtaining crests and troughs nearly well 
predicted by the Rayleigh distribution. Moreover, many others have come to the 
same conclusion, especially for the case of the crest. However, one does not 
pretend to attribute all the discrepancies found between Mediterranean and North 
Sea only to the device’s fault. Note that the North Sea data is from stormy conditions 
with higher wind speeds, enlarging the nonlinear effects related to higher and more 
pointed crests and less deep and more rounded troughs.  

Therefore, if one intends to analyse in detail the presence of nonlinear effects in the 
ocean waves is very recommendable to use a fixed instrument as, for example, 
laser altimeters. The disadvantage is that they require an offshore platform to be 
mounted on. On the other hand, to properly measure the wave heights, the buoys 
are acceptable. 

• The wave height is clearly overpredicted by the Rayleigh distribution. The 
overprediction factors obtained in the two sets of data are nearly the same, agreeing 
with other observations analysed by others. In particular, the significant wave height 
is overpredicted by 7 %. 

Solving this overprediction is a difficult job because many factors interfere: 

o The calculated wave envelope in the linear theory overpredicts, in general, 
crests and troughs, and therefore also the wave heights. 

o The assumption of 2 crestH η=  is also producing discrepancy. This 

assumption implies that the crest and trough have always the same value, 
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being the wave envelope symmetric, which is not true for real random 
waves. 

In general the overprediction is worse for wider spectrum. The combination of the 
above mentioned effects causes overprediction of the wave height to not be 

constant for the different parameters ( meanH , sH  ...). Furthermore, there is a certain 

tendency in which the discrepancy is higher for larger wave heights and therefore 
the scaled Rayleigh distributions (e.g. Modified I and II) are not quite convincing 
(discrepancies, in general, higher than 3%). The overprediction due to the 
calculation of the wave envelope has been estimated to be 1-3% for the maxima. 
However, the main important reason of the overprediction seems to be the 

assumption of 2 crestH η= . The crest-to-trough theory tries to solve the problem by 

accounting for a time lag between crest and trough but it still considers symmetric 
envelopes. Although the complex expressions derived, the results, although quite 
good, are not convincing (between 2 and 7% discrepancy). More research is needed 
in order to quantify and predict such overprediction. 

In conclusion, the Rayleigh distribution is “good” within 10% accurancy (except for 
the maxima which is worse) which is not acceptable for civil engineering purposes. 
In order to have more accurate results one can use the Modified Rayleigh I or the 
crest-to-trough theory, the last one often better for larger wave heights (in fact, 
remember that the simplified expressions are derived for wave heights higher than 
the mean wave height). 

Nonlinear effects do not generally seem to affect the wave height but a clear 
correlation has been found between larger heights and kurtosis. This parameter has 
been found to be little related with the BFI, calculated as explained in the present 
study. More research is needed to try to estimate better such a spectral parameter. 
In fact Janssen, Mori and Onorato, in a recent conference (2th-6th June 2008) 
improved their own old results for the calculation of BFI, by considering the influence 
of the directional spectral width. 

• The crest and trough are less affected by the overprediction problem; at most they 
are affected by 1-3%. The nonlinear effects, related to the skewness, seem to be 
present. The Asymmetric Rayleigh distribution predicts reasonably well such 
nonlinearities but the dependence on the skewness, a statistical parameter obtained 
from the time series instead from the spectrum, is not desirable (because the 
spectrum, contrary to the time series, can be predicted). Moreover, the results are 
quite sensitive to skewness, which generally speaking is not a stable statistic. The 
effect of nonlinearities is strong in the maxima, especially in the trough (more than 
10%) but in the significant parameter is lower than 5%. 

 

 


