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Abstract.

The work described below titled ‘Application of a Spectral Characterization Method to the 
REDEXT Deep Sea Buoy Network’ is presented as the thesis of the Master on Geophysical 
Sciences of the University of Lisbon.

The work was carried out at the Environmental Hydraulics Institute of Cantabria (I.H.Cantabria) 
which is part of the Civil Engineering School of the University of Cantabria, Spain.

A method was designed to classify the different sea-states with the following coefficients: 
significant wave height, significant wave period, kurtosis coefficient of the wave spectrum and 
the power of the cosine function of the directional spreading function. The method designed 
used theoretical models of the energy wave spectrum and the directional spreading function to 
classify the different sea states registered by the deep sea water buoys REDEXT. The resulting 
sea states were then classified in SWELL or SEA depending on the wave parameters that 
describe each sea state.

This document is the final report of the aforementioned thesis elaborated by Héctor Cabrera 
Bermejo and the following I.H. Cantabria members:

• Fernando Méndez Incera, Professor at the University of Cantabria.
• César Vidal Pascual, Dr. Civil Engineer, Professor at the University of Cantabria. 

under the direction of César Vidal Pascual as external coordinator and Álvaro Júdice Peliz as 
internal coordinator of the University of Lisbon.

Santander, 21st of October 2009

O trabalho descrito abaixo intitulado ‘Application of a Spectral Characterization Method to the 
REDEXT Deep Sea Buoy Network’ é apresentado como tese do Mestrado em Ciências 
Geofísicas da Universidade de Lisboa.

O trabalho foi realizado no Instituto de Hidráulica Ambiental de Cantabria (I.H.Cantabria), que 
faz parte da Escola de Engenharia Civil da Universidade de Cantabria, Espanha.

Um método foi desarrolhado para classificar os diferentes estados de mar utilizando os 
seguintes parámetros: altura de onda significativa, periodo significativo, o parâmetro da curtose 
e a potência da função coseno da função de dispersão direccional. O método utilizaba modelos 
teóricos do espectro de energía das ondas e da dispersão direccional para classificar os 
diferentes estados de mar registados pela red de bóias REDEXT. Os estados do mar resultantes 
foram então classificados em SWELL ou SEA dependendo dos parâmetros de onda que 
descrevem cada estado do mar.

Este documento é o relatório final da referida tese elaborada por Héctor Cabrera Bermejo e os 
seguintes membros do I.H. Cantabria:

• Fernando Méndez Incera, Professor na Universidade da Cantábria. 
• César Vidal Pascual, Dr. Engenheiro Civil, Professor da Universidade da Cantábria.

sob a direção de César Vidal Pascual como orientador externo e Alvaro Judice Peliz como 
orientador interno da Universidade de Lisboa.

Santander, 21 de Outobro de 2009
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Chapter 1
Objectives and Methodology.
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1. OBJECTIVES AND METHODOLOGY.

1.1. Introduction.

Actually climate change is a principal concern of the international community and the 
development and promotion of projects for a better understanding of its effects is an important 
cause to support.

In this context the knowledge of the wave energy resource is a prerequisite for a correct 
planning for the strategy for, for example the exploitation of the wave energy or for the design 
of marine infrastructure. The knowledge of wave statistics near the coast is of great importance 
to exploit this resource.

1.2. Objectives.

The objective of the project is to develop a characterization method for the deep sea water 
buoys that are part of the REDEXT network. The characterization method will describe the sea-
states using the following parameters: the significant wave height, the peak period, the kurtosis 
coefficient of the energy spectrum and the power of the cosine directional spreading function. 
Using the relationship between the different parameters, sea-states will be classified into 
SWELL or SEA type sea-states. These sea-states will be described with their characteristic 
values of the kurtosis coefficient and the power of the cosine directional spreading function.
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Chapter 2
Introduction to the wave theory.
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2. INTRODUCTION TO THE WAVE THEORY.

2.1. Introduction.

The waves are analysed as a stochastic process, for the simplification of the analysis the process 
must meet certain properties; one of them is that the waves must be considered stationary. This 
property implies that the statistics of the process (mean or variance for example) stay invariable 
through time. To assume the stationarity of the process we must work with ‘instantaneous’ of 
the process, during this short period of time the change on the statistics of the process is very 
little. This time intervals where the process can be considered stationary are known as ‘sea 
state’. The duration of a sea-state is such that is has to be short enough to be considered 
stationary and long enough to contain the necessary statistical information. Actually the 
duration of the sea-states range from 20 minutes to 1 hour.

The statistical and spectral analysis of the waves in sea-states is known as short-term analysis. 
The results of the short-term analysis are a series of functions (spectral density function, 
statistical functions) that can be described by a series of sea-state parameters (wave height of 
zero momentum, Hmo, peak period of the spectrum, Tp, significant wave height, Hs, etc). Once 
the parameters of the sea-state are known the origin of the stochastic process can be 
reconstructed or simulated.

It’s important to know that the wave parameters vary on each sea-state constituting a temporal 
series of sea-states. The statistical characteristics of this series are of great importance because 
they describe the sea climate on a specific area during a period of time. 

2.2. Considerations on the linear theory of gravity waves.

In this section it is presented some concepts and definitions concerning the linear wave theory 
that will help to understand the ideas and definitions exposed on the following chapters.

The velocity potential function of a wave propagating with constant shape in a fluid with certain 
viscosity and irrotational flux with a depth h has the following shape:
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where:

g: Gravity acceleration ≈ 9.81 m/s²
H: Wave height.
ω: Angular frequency of the wave, ω =2π/T
T: Wave period.
K: Wave number, k= 2π/L.
L: Wave length.
z: Vertical coordinate. Surface origin (positive upwards)
h: Water depth (positive distance from the surface to the bottom)
x: Horizontal coordinate x.
y: Horizontal coordinate y.
t: Time coordinate.
θ: Angle between the wave direction and the x coordinate. 
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The angular frequency, the wave number and the depth are related by the dispersion 
relationship:

 ( )khgk tanh2 =ω                                                         (2.2)

From the velocity potential function it is possible to obtain all the kinematic variables of the 
wave, in particular:

Vertical displacement of the free surface:
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,, Htyx =                                                    (2.3)

Velocity components of the particles under wave action:
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Kinematic energy, potential energy and total mean temporal energy, per unit horizontal area:

  
22

8
;

16
HgEEEHgEE kpkp σσ =+===                                  (2.5)

where σ is the water density.

Phase velocity of the wave:

( )khg
kT

Lc tanh
ω

ω ===                                                  (2.6)

Group velocity of the wave, or speed at which the energy is propagated:

( )
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skh

khccg
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21

2
                                                    (2.7)

Mean energy temporal flux per unit width:

gCEF =                                                            (2.8)

 This energy flux represents the mean power in a length of time of a period that crosses a plane 
which is perpendicular to the propagation direction and which extends from the surface to the 
bottom. The energy flux is the variable used to calculate the available power in a state of sea. If 
the sea state is represented by the energy spectrum, which represents the amount of energy per 
unit of area which corresponds to each frequency component, ω, and direction, θ. The mean 
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energy flux that crosses a cylinder that extends from the sea surface to the bottom is the sum of 
the energy fluxes of each component:

( ) ( )∫ ∫
∞
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The direction of the mean energy flux is:
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2.3. The waves considered as a stochastic process.

The vertical displacement of the sea surface, when this displacement is generated by the wind, 
changes randomly with time. This is why the waves generated by wind (wind sea or SEA) have, 
in a certain area, characteristics (height, period) which change from one wave to the other. 
When the waves propagate out of the area of wind action, the dispersive and dissipative process 
smoothen the sea surface (SWELL).

Another important change in the sea surface occurs when the kinematics of the waves reach the 
bottom of the sea (shallow depths). In figure 2.1 it can be seen that on undefined depths the 
crests and troughs have the same dimension, as well as the slopes of the front and back of the 
waves. Waves on shallow depths have different characteristics, they present bigger crest 
dimensions compared to the trough’s dimension and the frontal slope is bigger than the rear 
slopes.

Figure 2.1.Wave registrations. a) undefined depths and b) shallow depths. 

In time domain it is very difficult to evaluate the wave properties one by one, that is why it is 
better to consider the waves as a stochastic process and evaluate its statistical properties in the 
frequency and probability domain.

In the stochastic approximation the displacement of the free surface in undefined depths is 
considered a Gaussian stochastic process, the vertical displacement of the free surface 
distributes relative to a normal. This hypothesis is not confirmed in the case of shallow depths, 
due to the asymmetry of the bottom of the sea.

2.3.1. The irregular waves. The wave spectrum.

Let us consider a progressive wave in undefined depths with the coordinate axis X, Y, Z fixed in 
space, with Z=0 in the mean sea level and it is positive in the upwards direction. And let θ be 
the angle between the direction of propagation and the X axis. Being θ positive in an 
anticlockwise direction. With this conditions the free surface, h(x,y,t), of a wave in undefined 
depths could be described using a sine function:
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( ) ( )
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where a is the wave amplitude, ω is the frequency and ε is the phase.

If it’s assume that the free surface could be described by the sum of a infinite number of sine 
waves with random amplitudes, frequencies and angles, that change in a range of  0 < aj < ∞, 
0 < ωj < ∞, -π < θj < π, respectively. The phase is also random with uniform distribution in the 
range -π < εj < π. Its magnitude depends on the angle and frequency. In this way the irregular 
waves could be described by the following relation:
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The total energy of the waves per unit of horizontal area, averaged on time and function of the 
angular frequency of the wave composing the free surface is represented, ω, it is represented 
using the spectral density function of the vertical displacement of the free surface, wave 
spectrum, S(ω). The wave spectrum plays an important role in the evaluation of the statistical 
properties of the waves. The area under the curve represents the severity of the sea and it is 
known as the zero spectral momentum, m0. The parameter that best describes the severity of the 
waves is the zeroth momentum wave height, Hm0 = 4√m0. If the waves have a narrow spectrum 
(the energy is concentrated on the frequencies near the peak) Hm0 could be expressed as the 
significant wave height, Hs or H1/3, which is the mean height of the N/3 bigger waves of a N 
waves state of sea represented by S(ω).

Figure 2.2. Example of a wave spectrum, representing the two types of sea-states, SEA centered at 
0.7 rad/s, and SWELL centered at 0.4 rad/s.

The most frequent cause of waves in the sea is the wind, never the less, once the waves have 
been generated by the wind, these propagate away from there point of origin. So in any random 
point at sea the free surface will be disturbed by waves formed by local winds (wind sea or 
SEA) and waves that have been formed far away and that have propagated to this point 
(SWELL). This mixture of seas is difficult to observe in a free surface registration, but it is clear 
in the wave spectrum, as it is shown on figure 2.2.
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The waves in the ocean don’t move necessarily in the same direction as the wind, the energy 
represented in the spectrum is the sum of all the energy that propagates in all directions. 
Therefore it is necessary to consider a spectral directional density function, S(ω,θ), which 
represents the total energy averaged on time in each frequency, Δω and directional, Δθ interval.
If the energy per unit of total area of the waves, averaged on time, in the area (Δω, Δθ) is 
represented by (½)ρga²j, where aj is a random positive variable. Ignoring the factor ρg:

2
2
1),( jaS ≅∆∆ θωθω                                                         (2.13)  

The total energy averaged on time of all the waves of all the frequencies and directions is:

( ) θωθω
π

πω θ
ddSa j ∫ ∫≅∑ ∑

−

∞

∆ ∆ 0

2 ,
2
1

                                             (2.14)

This equation is the base of the stochastic description of the waves.

Figure 2.3. An interpretation of a wave spectrum where a wind sea from the north meets a easterly swell.

2.3.2. Spectral parameters.

The wave spectrum contains much information, information that can be represented by the 
introduction of new variables which can explain the main characteristics of the wave spectrum.

The nth order momentum of the spectral density function is:

( ) ....,2,1,0;
0

=∫=
∞

ndSm n
n ωωω                                       (2.15)

The zero order momentum, m0, matches with the total variance of the process, σ2. If the process 
that is being represented is the vertical variation of the free surface, the variance equals the 
square of the mean quadratic displacement, m0 =ηrms

2. This is proportional to the energy per unit 
of area of the sea-state.

The zero order momentum, m0, related to the height of the representative wave of a sea-state, 
Hm0, or zero momentum wave height by the expression: 
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00 004.4 mH m =                                                             (2.16)
If the process has a narrow spectrum and the wave height distribution is Rayleigh type, it can be 
demonstrated that:

srmsm HH =⋅= η004.40                                               (2.17)

where Hs, is the significant wave height, which is the mean height of the N/3 bigger waves of a 
N waves sea-state.

The two first moments are of great importance because they define the mean frequency, the 
mean period and the mean zero crossing period:
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As the spectral moments were define, the central moments can be define as:
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The central moments facilitate a measure of the energy that is concentrated around the mean 
frequency, ω .
 
When 2

~m  is normalized using the product 0
2mω , it is obtained the adimensional parameter, ν, 

which is the spectral width parameter of Longuet-Higgins (1957), given by:
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The parameter ν gives the width of the spectrum. The previous equation shows that when all the 
energy is concentrated in a frequency band, ωω = , then ν2 →  0. When the energy is located in 
many frequency bands, the value of ν increases. A typical value is ν = 0.3.

Another measure of the spectral,  ε, width was developed by Cartwright and Longuet-Higgins 
(1956) in a theoretical analysis of the statistical distribution of the crest height of the waves.

40

2
2402

mm
mmm −

=ε                                                          (2.22)

The values of ε are confined to the interval (0, 1]. Values close to 0 correspond to spectrum of 
narrow band width.
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Using the definition of the spectral moments, it is possible to calculate several mean periods 
using the next expression:

j
i

j

i
ij m

m
T

1

2

+











= π                                                            (2.23)

Using the previous expression, T01 corresponds to the period associated to the mean frequency, 
T , and T02 corresponds to the mean zero crossing period, zT .

2.4. Frequency scalar spectra.

When analysing wave data or simulating sea-states, it is convenient to have spectral density type 
functions that could help describe the spectral shapes with a reduce number of parameters. To 
include the most energetic part of the spectra, a variety of potential functions have been 
proposed. The general type density function is:

( ) qBpeAS
−−−= ωωω                                                     (2.24)

where A, B, p and q are free parameters. The spectral moments obtained using the previous 
equation is:

( )
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deriving equation (2.24) and equating to zero, the peak frequency is obtained:

q

p qB
p
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=ω                                                               (2.26)

2.4.1. The Pierson-Moskowitz Spectrum.

The spectral shape most popular, is the one proposed by Pierson and Moskowitz (1964). They, 
using field measurement and the studies from Phillips (1958) and Kitaigorodskii (1962), 
proposed for a fully developed sea the next spectral density equation:

( )

4
74.0

520081.0






−

−= U
g

egS ωωω
                                           (2.27)

where U is the wind speed at a height of 19.5 m. deriving and equating to zero, the peak 
frequency is obtained:

U
g

p 879.0=ω                                                              (2.28)

substituting the value of g/U into the equation (2.27) it is obtained the next spectral density 
function:
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The zero order momentum of the P-M expression, obtained using (2.25) is:

m0=0.0001 T²p                                                         (2.30)

so the significant wave height and the peak period are related by:

Hs = 0.04T²p                                                          (2.31)

It is important to spot out, that Hasselmann et al. (1976) found out alter careful investigations 
that not all spectra used by P-M corresponded to fully developed spectra. 

2.4.2. The JONSWAP Spectrum.

The Joint North Sea WAve Project is an extension of the P-M spectra to include all sea-states 
limited by the fetch. This type of spectra is the result from a campaign that took place on the 
North Sea in the years of 1968-1969. Where the spectral characteristics of sea-states with 
different fetches were measured (Figure 2.4).

Figure 2.4. Evolution of the JONSWAP spectrum with fetch. Taken from Massel (1996) 

The proposed spectral density function by Hasselmann et al. (1973):
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The JONSWAP spectrum contains 5 parameters: α, ωp, γ, σ0
1, y  σ0

2. . These parameters must be 
known before the spectral density function is used. The term  γδ  is a peak intensification factor, 
which helps to represent the narrow and peaked spectras typical of not fully developed seas. The 
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parameter γ describes the peakedness of the spectra. While δ is the parameter that describes the 
width of the spectra around the peak.

The typical JONSWAP spectrum is described by the following values of the parameters; γ =3.3, 
σ0

1 =  0.07,  σ0
2 =  0.09.  While  α and  ωp are  obtained  through the  adimensional  parameters 

ξ=gX/U2 and ν=ωpU/(2πg), where X is the fetch, U is the wind speed at a certain height above 
the sea surface and ε is the total adimensional energy function of the zero order moment, m0, 
ε=m0g2/U4:

33.367

67.02.0

3.033.3

1030.51063.1
033.00662.0

843.2438.32

−−−

−

−−

⋅=⋅=
==

⋅=⇒=

νξε
νξα

ξννξ
                                       (2.34)

The  peak  frequency,  ωp,  decreases  and  the  total  adimensional  energy,  ε,  increases  as  the 
adimensional fetch, ξ increases. 

In first instance the JONSWAP spectrum should approximate asymptotically the P-M spectrum 
for big fetches. Figure 2.5 shows P-M and JONSWAP spectra under several conditions.
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JONSWAP x = 25 Km, U = 10 m/s
JONSWAP x = 200 Km, U = 10 m/s
P-M, U = 10 m/s

Figure 2.5. Comparison of the P-M and JONSWAP spectras. 

Using the P-M and JONSWAP equations the following results were obtained.

Spectrum X (Km.) ωp (rad/s) Tp (s) m0 (m2) Hm0 (m)
P-M ---- 0.862 7.29 0.284 2.13
JONSWAP 25 1.686 3.73 0.0415 0.82
JONSWAP 200 0.9033 6.96 0.3323 2.31

Table 2.1. P-M and JONSWAP results.

As it can be seen the fully developed JONSWAP spectrum (X=200 Km) has a high peak factor, 
while the P-M spectrum has a low peak factor and a higher spectral width parameter. This 
shows that the JONSWAP spectrum describes better the fully developed seas.
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2.4.3. The TMA Spectrum for shallow depths.

None of the spectral models presented until now has dependency on the depths. Kitaigorodskii  
et al. (1975) demonstrated that for shallow depths the spectral functions presented were not 
valid. They also found out that the frequencies over the peak frequency don’t follow the ω-5 law, 
but ω-3. This variation in the shape of the spectrum is due to asymmetry of the waves in shallow 
depths and to interactions between components of the waves.

Bouws et al. (1984)  proposed to modify the JONSWAP spectral density function by 
multiplying it by a depth function, φ(ω, h), obtained by Kitaigorodskii et al. (1975). The 
resultant spectrum is the TMA spectrum, whose initials come from the names of the field 
campaigns where the data was collected (TEXEL, MARSEN y ARSOLE). The TMA spectral 
density function is as follows:
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f is obtained through the dispersion relation:

( )ff ⋅⋅= 2
*tanh1 ω                                                            (2.36)

Figure 2.6. TMA spectras for different depths.

2.4.4. The SWELL Spectrum.

When the wind speed starts to decrease, the waves begin to attenuate and wave groups of certain 
frequencies form. Energy attenuation does not affect all frequencies in the same manner. For 
instance, with low speed winds the energy balance of high frequency waves could be maintain, 
while low frequency waves behave as free waves. At the same time the energy around the 
saturation point and the influence of non linear effects are reduced. Davidan (1969) proposed 
the following spectral density function for this type of sea.
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2.5. Directional Spectrum. Directional Spreading Function.

The spectral density functions presented until now are all unidirectional spectrum of frequency. 
Most of the sea-state information corresponds to the measurement of one sea-state parameter 
(ex. Vertical displacement of the free surface) on one point at sea. With this information it is not 
possible to construct a directional spectrum, S(ω, θ), which would need data from two points of 
one sea-state parameter or data of two sea-states parameters from one point at sea. In this way 
we could calculate the directional spectrum using cross correlation functions. The accepted 
definition is the product between a frequency spectrum and a dispersive directional function:

( ) ( ) ( )....,,,;, 21 ppDSS ωθωθω =                                          (2.38)

where p1, p2, … represent different parameters related with the type of dispersive directional 
function used.

2.5.1. Cosine directional function.

In a first attempt to model the directional spreading function of a spectrum, Pierson et al. (1955) 
presented the following cosine function:

( )
22

,cos2 2 πθπθ
π

θ ≤≤−=D                                           (2.39)

With this directional spreading function only a 11% of the energy is propagated along a ± 5º 
band around the wind direction along a direction perpendicular to the wind direction there is no 
energy propagation. The problem with this directional spreading function is that it produces the 
same directional spreading for all frequencies.

Figure 2.7. The dispersive directional function from Pierson(1955). Taken from Massel (1996)

To obtain more operational flexibility, the above equation (2.39) was generalized to the 
following expression:
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( )
22

,cos πθπθθ ≤≤−= mAD                                      (2.40)

where A=  Γ(½ + 1)/[Γ(½ m + ½) √π], is a normalization coefficient and  Γ() is the gamma 
function. The m power of the model controls the spectral width of the directional spreading 
function.

Analysing data from a directional buoy, Longuet-Higgins et al. (1963); Mitsuyasu et al. (1975), 
proposed a more elaborate cosine type directional spreading function.

( ) πθπθθθ ≤≤−




 −

= ,
2

cos, 02sAsD                                    (2.41)

where  A=  Γ(s  +  1)/[Γ(s  +  ½)  2√π]  and  θ0 is  the  peak’s  frequency  principal  direction  of 
propagation,  s is  an  empiric  function  that  controls  the  spectral  width  of  the  directional 
distribution and  Γ() is the gamma function (Abramowitz and Stegun, 1975).

In most experiments it has been observed an asymmetry in the dependency of the s parameter 
with the frequency. The s parameter has its maximum on the peak frequency and then decreases 
with high and low frequencies. The rate of decrease is bigger for low frequencies than for high 
frequencies. Hasselmann et al (1980) proposed the following expressions to determine the  s 
parameter after experimenting with the JONSWAP spectral density function:
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where C(ω) is the phase velocity that corresponds to the frequency ω and U is the wind speed at 
19.5 m of height.  The previous equations are valid for seas that are being developed, when 
1≤U/C≤ 1.5.

the relation between directional width σθ and the width of the distribution is:

σθ= 
2/1

1
2








+s
                                                            (2.43)

2.5.2. The Hyperbolic model of the directional spreading function.

The parametrization of the directional spreading function of  Longuet-Higgins  (2.41) with the 
expressions proposed by de Hasselmann et al. (2.42) where obtained by a surge and sway buoy. 
Donelan et al. (1985) realized that the directional information obtained was not as accurate as 
the one obtained with other type of sensors. For this reason they proposed the next directional 
spreading hyperbolic function corrected by Banner (1990) in the expression of β for ω/ωp>1.6:
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The β parameter depends on frequency, and the range where the expression is valid is limited by 
1<U/C<4.

In Figure 2.8 three sections of the spreading distribution function that correspond to values of 
ω/ωp = 0.9, 1.0 y 1.2 are shown.

Figure 2.8. Donelan et al. (1985) dispersive directional hyperbolic function. Taken from Massel (1996).

The dependency of β only on frequency confirms the Hasselmann et al. (1980) conclusions that 
the interactions between components is more important that the direct effect of the wind on 
directional spreading functions. It is important to notice that the dispersion of the energy is 
minimum for frequencies approximately 5% lower than the peak frequency. So the minimum 
dispersion is produced near the peak frequency but on lower frequencies, where the spectrum 
shape is determined by non linear interactions between waves.
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3. Data base.

3.1. Wave data base.

Actually wave data can be divided in three mayor groups. This group classification is based on 
the way the data is collected.

• Visual data: Obtained by qualified observers from ships or marine platforms. 
• Instrumental data: This is obtained by direct or indirect measurements from 

instruments. There is a big variety of wave measurement instruments, which could be 
classified as follows:
- Scalar Buoys, (only vertical displacement of the free surface) in Spanish coastal 
waters since three decades.
- Directional Buoys, working since ten years.
- Satellite Data, (Topex-Poseidon, ERS1 etc.) quality data that helps to know the global 
marine climate. Dispersed in space and time.

• Reanalysis of meteorological data using numerical modelling of wave generation.
The most employed numerical models for wave generation are the WAM and Wave 
Watch. The data input for these models are the pressure and wind fields calculated 
through meteorological models (ex: HIRLAM). Using numerical modelling wave 
simulation fields can be obtained for big ocean areas and for long periods of time. 
Unfortunately these data bases are not very precise and needs to be calibrated with 
instrumental data. 

3.1.1 Wave instrumental data.

The instrumental data obtained by the fixed REDCOS (Red Costera de Puertos del Estado) 
network is registered, for the case of the deep ocean network, by Sea watch directional buoys 
(REDEXT buoy network).

The buoys use a transformation function (depends on the calibration method used) to transform 
the registered data from the inclinometer into vertical displacement of the free surface and a 
dispersive directional function. This data is send to a station where the data is processed and 
stored. Actually, buoys register 20 minutes information every hour but can change their register 
mode depending on the marine conditions.

The data that is processed corresponds to one hour sea-state information. Due to short-term 
analysis the spectral moments and various statistical parameters are stored (mn Hm0, Hmax, H1/n, 
Tm, Tp, etc.) including the peak frequency direction, θp, and the mean propagation direction, θm. 
In Spain the data base (visual, instrumental and reanalysis data) are stored by ‘Area de 
Conocimiento del Medio Físico de Puertos del Estado’. The position of each of the buoys can 
be observed on figure 3.1. taken from the Puertos del Estado webpage (www.puertos.es). Also 
on this page one can have full access to all buoy information.

The investigation was done using information registered by the following Sea watch buoys that 
are part of the deep water network:

- Bilbao, anchored at 600 metres of depth.
- Estaca de Bares, anchored at 382 m of depth.
- Cabo Silleiro, anchored at 323 m of depth.
- Gran Canaria, anchored at 780 m of depth.
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Figure 3.1. Buoy network of the OPPE.

The output information of the buoys presented the following characteristics:

- Energy is calculated between 0.025 Hz and 0.635 Hz.
- The energy spectrum is decomposed in a base frequency band and other 14 frequency 

bands, each has a fixed fraction of the total energy, and each band presents the 
following information: band width (Hz), mean band direction (º) and angular 
dispersion. The following amount of energy corresponds to each frequency band: 1/512; 
1/256; 1/128; 1/64; 1/32; 1/16; 1/8; 1/8; 1/8; 1/8; 1/8; 1/8; 1/16; 1/32; 1/30.12

The spectral output file contains the following information for every sea-state that was 
registered:

- Date, with the end of the registration time included.
- F0upper, frequency (upper limit) of the band from 0.025Hz to F0upper, containing its 

respective variance from the total. This band is use to fix the first frequency band.
- Square root of the variance or of the zero order moment (total energy of the spectrum).
- df(1) represents the frequency width, in Hertz, of the first band. It contains its respective 

amount of variance.
- mdir(1) represents the mean direction of the waves registered with frequency of the first 

frequency band.
- sigma(1) represents the angular dispersion of the first frequency band (radians). The 

value of sigma is adjusted using a Mitsuyasu (Mitsuyasu- Goda- Suzuki) directional 
function.

Each frequency band presented the information described above, except for the last frequency 
band which was described only by the mean direction of the band. Its frequency width is 
calculated by subtracting the upper limit of the previous band from the upper frequency limit 
(0.635Hz).
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4. WORK METHODOLOGY.

In a brief outline this methodology consists of three basic steps:

1º. To create a method that characterizes the sea-states registered by the deep water REDEXT 
buoys of the Spanish coast.
2º. Election of the representatives sea-states of each buoy database.
3º. Study the relationship that may exist between the significant wave height, the peak period, 
the kurtosis and the power of the cosine distribution function to try and characterize the type of 
sea-states present in the record.

The spectral characterization was done by developing a program, in matlab. The program had 
the objective to describe the sea-states with a series of parameters. These parameters were the 
output of the program. These are:

- Date (yyyy/mm/dd/hh).
- Significant wave height, Hs (m).
- Error, quotient between the difference of the measured spectrum and the JONSWAP 

spectrum and a normalization factor.
- Peak period, Tp (s).
- Kurtosis of the JONSWAP spectrum, γ.
- Error, quotient between the difference of the JONSWAP peak and the peak of the 

measured spectrum at the same frequency band and a normalization factor. 
- Error, difference between the measured and the Mitsuyasu directional spreading 

function.
- Power of Mitsuyasu cosine directional spreading function.
- Mean sea-state direction (º). 
- Error, difference between the peaks of each spectrum, divided by the maximum of the 

measured spectrum.
 
The matlab program designed for the project read the input data for each sea-state and 
constructed an energy spectrum and a directional spreading distribution function for the 
measured data. On the next step the program constructed models of a JONSWAP energy 
spectrum and a cosine directional spreading distribution, Mitsuyasu (Mitsuyasu-Goda-Suzuki,). 
The models where run with different values of the kurtosis coefficient in the case of the 
JONSWAP energy spectrum and for different powers of the cosine spreading distribution 
function. The values of the coefficients which gave models with minimum errors when 
compared with the measured spectrum and directional spreading function where stored. From 
this models the coefficients that described the sea-states where obtained. 

The next figure (figure 4.1) shows the graphs obtained from a particular sea-state. With the 
measured spectrum and directional spreading distribution coloured in red and the JONSWAP 
and Mitsuyasu models coloured in blue. The date and the principal coefficients are also shown 
in the figure.
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Figure 4.1. Energy spectrum and directional spreading distribution (model in blue and measured in red) 
for a certain sea-state. The energy spectrum presents the significant wave height, the peak period and the 

kurtosis. As well as the error between the measured and the model energy spectrum’s. The dispersive 
directional distribution is cantered at the zero value, value which corresponds to the mean wave direction.

Once all sea-states were characterized, the next step was to choose the representative sea-states 
of each buoy. This selection process was done following a series of conditions that the output 
coefficients had to meet. These conditions were:

- The difference between the energy of both energy spectrum should not be higher than 
0.11m²/Hz.

- The difference between the peaks of both spectrum could not be bigger than 0.3m².
- For the buoys of Bilbao, Estaca de Bares and Cabo Silleiro the sea-states with waves of 

significant height of 1 m or less were ignored.
- Gamma coefficients or kurtosis with value of 9 or higher were ignored.

The enforcement of the above mentioned conditions followed the selection of the representative 
sea-states. The first two conditions were imposed to guarantee the minimum error between the 
measured spectrum and directional spreading function with the respective JONSWAP and 
Mitsuyasu theoretical models.

The third condition affects three of the four buoys under study. These conditions were imposed 
to ignore the sea-states with significant wave height under 1 m. These sea-states of very little 
energy could present kurtosis or power of the directional spreading function comparable to sea-
states of higher energy. Introducing these results could lead to confusion on the lower range of 
the significant wave height. The Gran Canaria buoy was not included because the significant 
wave height range registered is small because of the depth at which the buoy is anchored. 
Excluding sea-states with height lower than 1 metre would mean that most of the data base 
would be excluded.

The condition concerning sea-states with gamma coefficient over 9 to be ignored arises because 
some low energy sea-states presented high power values that if included in the representative 
sea-states could lead to confusion. Imposing this condition also lead to the suppression of high 
energy sea-states with high power values. The suppression of these sea-states, which had a lot of 
weight when calculating the mean gamma value of each bin, meant that the sea-states with 
lower gamma values (most of the sea-states registered) will be use to calculate mean bin values 
and so a more realistic result would be obtained. 

Once the representative sea-states of each buoy were chosen, these were classified in 
accordance with there mean direction of origin. For each direction of origin of each buoy the 
relationship between the significant wave height, peak period, kurtosis and the power of the 
directional spreading function was studied. The aim of the study of this relationship was to try 
and characterize the seas, SWELL and SEA of the Spanish coast using the different coefficients 
named previously. The relation between the coefficients was displayed on graphs. These show 
the relationship between the significant wave height and the peak period with the kurtosis in one 
case and the power of the cosine directional spreading function on another.
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Figure 4.2. shows a representation of the graph. Each direction of origin had a graph showing 
the mean value of the kurtosis or the power of the cosine directional spreading function for bins 
of length of 2 m. by 2 s. The graphs showing the mean values were accompanied by graphs 
showing the standard deviation for each bin with respect to the mean value.

Figure 4.2. Relationship between the significant wave height and the peak period with the kurtosis for the 
buoy of Gran Canaria for sea-states with a north direction of origin. Numbers in the middle of each bin 

represents the number of sea-states registered with that pair of values for the significant wave height and 
the peak period. Colour represents the mean value of the kurtosis at each bin.
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5. RESULTS.

The following results, try to explain using the method explained on the previous chapter, the 
marine climate on the different sites chosen for this project. Each site has the following graphs 
to try and explain the marine climate:

- A peak period and significant wave height density graph, which shows the number of 
sea-states that are for every pair of (Hs, Tp) values.

- Graph which shows the mean value of the kurtosis coefficient, classified by the pair 
(Hs, Tp) of every sea-state. Another graph which shows the standard deviation of each 
(Hs, Tp) bin with respect to the mean value it is also shown.

- Graph which shows the mean value of the power of the cosine directional function of 
each (Hs, Tp) bin. This graph comes with another which shows the standard deviation 
of each (Hs, Tp) bin with respect to the mean value.

The results will be presented site by site and in each site the results are classified by the 
direction of origin of the sea-state.

Bilbao.

Figure 5.1. Graph showing the number of sea-states for every pair of (Hs, Tp) for the Bilbao buoy.

The buoy of Bilbao registered a variety of sea-states, being most of them localized in the range 
of 8 to 14 seconds of peak period and 1 to 3 metres of significant wave height. The great 
majority of the sea-states registered had 10 s. of peak period and 2 m. of significant wave 
height.

27

___  __________________________________                                                         ____ 
Héctor Cabrera Bermejo           



APPLICATION OF A SPECTRAL CHARACTERIZATION
METHOD TO THE REDEXT DEEP SEA BUOY NETWORK                                                                        

Sea-states with a Northwest direction of origin. 

Figure 5.2. Mean of the kurtosis coefficient and standard deviation from the mean value for every (Hs,Tp) 
bin.

The graphs showing the relationship between the kurtosis coefficient and the pair (Hs, Tp), 
shows little to conclude anything. There are sea-states with high values of the kurtosis 
coefficient for (Hs, Tp) pairs of high Hs and big Tp, in the super storm range. But in the same 
range there can be found sea-states with low values of the kurtosis coefficient. The high values 
of the standard deviation in this range of values of the (Hs, Tp) pair demonstrates this high 
variability of sea-states. In the low range of (Hs, Tp) values, the mean value of the kurtosis 
coefficient stays low, but the standard deviation characteristic of this range is medium high, 
demonstrating that there are different kinds of sea-states in this range of values also.

The power of the cosine distribution function has a well define tendency, described by an 
increment of the cosine power values with an increment of the (Hs, Tp) pair values. It is 
important to have in mind that the standard deviations of the higher values of the cosine power 
are very low. It is also important to watch the low cosine power values in the range of the low 
values of the (Hs, Tp) pair. 

Figure 5.3. Mean of the power of the cosine distribution function and the standard deviation from the 
mean value for every (Hs, Tp) pair.
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Sea-states with a West direction of origin.

Figure 5.4. Mean of the kurtosis coefficient and standard deviation from the mean value for every (Hs,Tp) 
bin.

Figure 5.4 shows a weak tendency of the kurtosis coefficient to grow towards the high values of 
the significant wave height and the peak period. It grows until the 16 s. peak period level, from 
where the values are very low. It is important to observe the low value of the standard deviation 
for the bins with high peak period. Comparing this graph with the Northwest graph, one can 
observe that there are no sea-states with big values of (Hs, Tp) registered, there are no super 
storms registered for this direction. It is also important to observe the high standard deviation 
for the mid values of (Hs, Tp), demonstrating the variability of the sea-states registered.

Observing the cosine power graphs, it can be observed that the only (Hs, Tp) bins with high 
cosine power values are the sea-states over the 16 s. peak period level. The rest of the bins 
present a low value of the cosine power. The standard deviation for this high cosine power 
values is low, demonstrating that all sea-states registered are of high cosine power.

 
Figure 5.5. Mean of the power of the cosine distribution function and the standard deviation from the 

mean value for every (Hs, Tp) pair.
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Estaca de Bares.

Figure 5.6. Graph showing the number of sea-states for every pair of (Hs, Tp) for the Estaca de Bares 
buoy.

Due to its geographical position, the buoy of Estaca de Bares receives plenty of sea-states in a 
180º window. It is the buoy with most registered sea-states as it can be seen in figure 5.6. 
Observing the figure we can verify that the range of sea-states extends from 5 to 14 seconds 
peak period and from 1 to 3 metres of significant wave height. The sea-state distribution has 
two high density nucleus: one centered at 11 s. and 2 m. and the other one centered at 6 s. and 2 
m. showing the different nature of the sea-states registered.

Sea-states with a West direction of origin.

Figure 5.7. Mean of the kurtosis coefficient and standard deviation from the mean value for every (Hs, 
Tp) bin.

The kurtosis coefficient graphs show little information of what it was expected. There is no 
trend on the coefficient value, all (Hs, Tp) bins have the same mean kurtosis value, with 
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predominance of low values on the range of high (Hs, Tp) values. The standard deviation graph 
shows little deviation from the mean for each (Hs, Tp) bin. With lower deviations for the higher 
values (Hs, Tp) bins.

The graphs that describe the cosine power distribution (figure 5.8) shows a tendency of the 
cosine power to increase towards high values of the (Hs, Tp) bin. For low values of the (Hs, Tp) 
bin the mean value of the cosine power stays low. The standard deviation distribution has high 
values in the range of high significant wave height and medium peak period. The bins with high 
mean cosine power value have low standard deviation.

Figure 5.8. . Mean of the power of the cosine distribution function and the standard deviation from the 
mean value for every (Hs, Tp) pair.

Sea-states with a Northwest direction of origin.

Figure 5.9. Mean of the kurtosis coefficient and standard deviation from the mean value for every 
(Hs, Tp) bin.   

In the Northwest direction it is obtained similar results to those obtained for the west direction 
of origin of the sea-states. There is no tendency of the mean value of the kurtosis coefficient. It 
is obtained low values for all the (Hs, Tp) bins, and the standard deviation also stays low. One 
thing to recall is the range of the sea-states registered in this direction of origin. The range is 
higher on significant wave height than the data collected on the previous direction of origin.
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The cosine power distribution again shows a tendency to increase in value towards higher 
values of the (Hs, Tp) bin. The standard deviation is relatively low for the higher (Hs, Tp) bin 
values but is high for the high mean cosine power values of low significant wave height. 

Figure 5.10. Mean of the power of the cosine distribution function and the standard deviation from the 
mean value for every (Hs, Tp) pair.

Sea-states with a North direction of origin.

Figure 5.11. Mean of the kurtosis coefficient and standard deviation from the mean value for every 
(Hs, Tp) bin.   

The North recording of the Estaca de Bares buoy (figure 5.11.) shows a smaller range of sea-
states that are centered mostly in mid values of the significant wave height and the peak period. 
The results show low values of the kurtosis coefficient for high values of the (Hs, Tp) bin with a 
low standard deviation coefficient. Some (Hs, Tp) bins show mid high values of the mean in the 
range of the low significant wave height and peak period. These bins have a low standard 
deviation with respect to the mean value. It is important to observe the high standard deviation 
that appears in the range of 1 to 3 metres of significant wave height.

The graphs of the cosine power of the directional distribution function show the tendency of the 
cosine power to increase towards the high values of significant wave height and the peak period. 
It is important to observe the low value of the cosine power in the range of the low significant 
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wave height and the low peak period. The standard deviation has low values in all the range 
except for the sea-states of high peak period but mid low significant wave height.

Figure 5.12. Mean of the power of the cosine distribution function and the standard deviation from the 
mean value for every (Hs, Tp) pair.

Sea-states with a Northeast direction of origin.

Figure 5.13. Mean of the kurtosis coefficient and standard deviation from the mean value for every 
(Hs, Tp) bin.   

The Northeast register is the one with the smallest range. The distribution of the kurtosis 
coefficient shows the (Hs, Tp) bins with different values, all around the mid value range. They 
show no clear pattern. The standard deviation is high in all the range of (Hs, Tp) values.

The graph of the cosine power (figure 5.14.) shows a uniformed distribution of very low values 
through all the range. The standard deviation is also very low.
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Figure 5.14. Mean of the power of the cosine distribution function and the standard deviation from the 
mean value for every (Hs, Tp) pair.

Sea-states with an East direction of origin.

The data registered in the East direction of origin has similar results to those obtained in the 
Northeast direction of origin. Both present a small range of (Hs, Tp) values, but the East 
direction of origin presents smoother results.

The graph of the mean kurtosis coefficient (figure 5.15) shows a smooth increment of the 
kurtosis coefficient towards higher values of (Hs, Tp). The value of the standard deviation has 
no clear pattern and presents mid low values in all the range.

Figure 5.15. Mean of the kurtosis coefficient and standard deviation from the mean value for every 
(Hs, Tp) bin.   

The graph of the cosine power of the directional distribution function presents very low values, 
with a gentle increase (to a value of 2 of the cosine power) towards the higher values of the (Hs, 
Tp) bin. The standard deviation is uniform in all the range with value of 1.
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Figure 5.16. Mean of the power of the cosine distribution function and the standard deviation from the 
mean value for every (Hs, Tp) pair.

Cabo Silleiro.

Figure 5.17. Graph showing the number of sea-states for every pair of (Hs, Tp) for the Cabo Silleiro buoy.

Cabo Silleiro presents a more reduced range of sea-states. Most sea-states are found inside the 
following limits, 8 to 13 s. of peak period and 1 to 3 m. of significant wave height. The 
distribution has only one high density nucleus found around 10 s. of peak period and 2 m. of 
significant wave height. Due to its geographical position the buoy registers sea-states with a 
180º window centred to the West.
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Sea-states with a Northwest direction of origin.

Figure 5.18. Mean of the kurtosis coefficient and standard deviation from the mean value for every 
(Hs, Tp) bin.   

The Northwest register presents a large range of sea-states, from sea-states of high (Hs, Tp) 
values to low (Hs, Tp) values. It must be said that most of the sea-states registered presented 
characteristics of mid low significant wave height and mid peak periods.
 
The graphs of the kurtosis coefficient, show how most of the (Hs, Tp) bins present a low value 
of mean kurtosis coefficient. Except for sea-states with low significant wave height which 
present higher kurtosis coefficients. The standard deviation presented is relatively low except 
for sea-states with low significant wave height, where they present mid low deviations with 
respect to the mean.

The power of the cosine directional distribution function presents a tendency to increase in 
value in the direction of high peak periods and high significant wave heights. The standard 
deviation is zero for sea-states of high (Hs, Tp) values and is relatively low in the rest of the 
range.

Figure 5.19. Mean of the power of the cosine distribution function and the standard deviation from the 
mean value for every (Hs, Tp) pair.
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Sea-states with a West direction of origin.

Figure 5.20. Mean of the kurtosis coefficient and standard deviation from the mean value for every 
(Hs, Tp) bin.   

The range of sea-states registered for a West direction of origin does not include the sea-states 
with big significant wave heights nor peak periods (super storms).

The graph (figure 5.20) of the mean kurtosis coefficient of each (Hs, Tp) bin presents a weak 
tendency of the mean kurtosis coefficient to increase towards sea-states of higher (Hs, Tp) 
values. It is important to have in mind the two mid values of the kurtosis coefficient at the low 
peak periods and the high values of the kurtosis coefficient that can be found on the column of 
1 to 3 m. of significant wave height. The standard deviation is quite high in all the range. With 
a very high deviation from the mean value at the bin with a highest mean kurtosis value.

The power of the cosine directional distribution function increases with higher (Hs, Tp) values 
and has very low values at small peak periods. The standard deviation is only important at the 
bins where the mean value of the cosine power had mid or high values. The rest of the bins 
present a low deviation.

Figure 5.21. Mean of the power of the cosine distribution function and the standard deviation from the 
mean value for every (Hs, Tp) pair.
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Sea-states with a Southwest direction of origin.       

Figure 5.22. Mean of the kurtosis coefficient and standard deviation from the mean value for every 
(Hs, Tp) bin. 

The sea-states registered with this direction of origin present a confuse distribution of the mean 
kurtosis coefficient, with no clear tendency. The standard deviation presents high values of 
deviation in all the range with the highest values found in the extremes of the distribution: low 
significant height and high peak periods and low peak periods and mid high significant heights.

The distribution of the cosine power coefficient of the directional distribution function is 
uniform and presents very low values in all the range. The standard deviation of these values is 
very small in all the range as well.

Figure 5.23. Mean of the power of the cosine distribution function and the standard deviation from the 
mean value for every (Hs, Tp) pair.
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Gran Canaria.

Figure 5.24. Graph showing the number of sea-states for every pair of (Hs, Tp) for the Gran Canaria buoy.

The Gran Canaria buoy is anchored at 738 metres of depth, this affects the significant wave 
height records: reducing the range of the significant wave height. The register presents a 
reduced range in wave height: from 1 to 3 m. and a peak period range from 6 to 12 s. The 
register has two high density nucleus, one centered at 10 s. peak period and 2 m. significant 
wave height and the other at 8 s. peak period and 2 m. significant wave height.

The buoy is located on Gran Canaria Northwest shore, due to the shadow caused by the island 
of Tenerife in sea-state means, the Northwest direction of origin has not been included in the 
analysis because of the little number of sea-states that met the conditions imposed described on 
the previous chapter.

Sea-states with a North direction of origin.  

The results show the reduced range in wave height due to the depth of the buoy. The mean 
kurtosis coefficient graph (figure 5.25) shows a weak tendency of the kurtosis coefficient to 
increase with the (Hs, Tp) values. There is a high mean kurtosis value for the highest (Hs, Tp) 
sea-states, around medium peak periods there is medium mean kurtosis coefficient and on low 
periods there is a medium mean kurtosis coefficient. The standard deviation is high in all the 
range demonstrating the variety of sea-states that were recorded.

The cosine power graphs (figure 5.26) show how in all the range low values of the mean cosine 
power are predominant. The standard deviations for these sea-states are also low except for 
certain cases.
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Figure 5.25. Mean of the kurtosis coefficient and standard deviation from the mean value for every 
(Hs, Tp) bin. 

Figure 5.26. Mean of the power of the cosine distribution function and the standard deviation from the 
mean value for every (Hs, Tp) pair.

Sea-states with a Northeast direction of origin.

With a smaller range of sea-states values, the mean kurtosis coefficient for this direction of 
origin presents (figure 5.27) an increase towards high values of the (Hs, Tp) pair. The standard 
deviation presented is high in all the range.

The mean cosine power graph (figure 5.28) for this direction of origin presents a uniform low 
value through all the range. Its standard deviation presents also a low deviation from the mean 
value through out the whole distribution.
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Figure 5.27. Mean of the kurtosis coefficient and standard deviation from the mean value for every 
(Hs, Tp) bin. 

Figure 5.28. Mean of the power of the cosine distribution function and the standard deviation from the 
mean value for every (Hs, Tp) pair.
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Chapter 6
Conclusion.

42

___  __________________________________                                                         ____ 
Héctor Cabrera Bermejo           



APPLICATION OF A SPECTRAL CHARACTERIZATION
METHOD TO THE REDEXT DEEP SEA BUOY NETWORK                                                                        

6. CONCLUSIONS. 

A method was developed to characterize the sea-states of the deep water buoys REDEXT by the 
following coefficients: the kurtosis coefficient, the power of the cosine directional distribution 
function, the peak period and the significant wave height. The process, designed in matlab 
language, compared the energy spectrum characterized in frequency bands and the directional 
distribution of each sea-state with theoretical models designed for the purpose. The theoretical 
energy spectrum was JONSWAP type while the directional distribution function was a 
Mitsuyasu type. The coefficients that describe the sea-states were calculated using the 
theoretical models. This is why the sea-states were imposed conditions to select the 
representative sea-states with minimum differences with the real energy spectrum and real 
directional distribution.

The theoretical model of the JONSWAP energy spectrum is unimodal and in the cases studied 
in this project the theoretical model adjusted its peak to the most energetic frequency band. The 
model added in the most energetic frequency bands, the energy that corresponded to other 
frequency bands that had less energy and were found outside of the models range. In this way 
the theoretical model obtained overestimated the real energy spectrum. The energy spectrum 
obtained by the theoretical model was of two types; either it was SWELL or SEA type. These, 
as sea-states were described by their corresponding parameters.

Once the representative sea-states were selected, these were used to study the relationship 
between the different parameters to try and characterize the different sea-state type (SWELL or 
SEA) using these parameters.

It must be said that the characterization method did not work that well with respect to the 
kurtosis coefficient. With respect to the SWELL type sea-state, which is characterize by high 
peak periods and mid to low significant wave height it was not obtained a clear trend of this 
variable. Although it was expected some values with respect to the kurtosis coefficient (bigger 
kurtosis coefficients for bigger peak periods), the results corresponding to the different buoys 
presented low kurtosis coefficients or a variety of values that did not help to conclude. The 
results corresponding to the power of the cosine directional distribution function showed a trend 
of an increase in the power values towards higher values of the peak period and the significant 
wave height. This agrees with the fact that sea-states generated at great distance suffer a process 
of directional selection.

In case of the fully developed SEA type sea-states, those in which the wind speed is low enough 
and the fetch and the generation time are long enough so that there is a full development, it is 
obtained medium high kurtosis coefficients with low values of the power of the cosine 
directional distribution function. These values of the kurtosis coefficients in the low peak period 
and low significant wave height range, associated with SEA type sea-states is seen in most of 
the buoys. It is important to stand out that the value the kurtosis coefficient is not as high as the 
one characteristic of SWELL sea-state type. 

Another phenomenon that was registered was the super storms. These very energetic sea-states 
present very high peak periods and significant wave heights and are characterized with very 
high kurtosis coefficients and very high powers of the cosine directional distribution. These sea-
states were registered vaguely in the Bilbao buoy. 

The theoretical model designed of the JONSWAP energy spectrum failed to achieve a more 
realistic model. In first instance the model is unimodal, adjusting it self to the most energetic 
peak and adding the energy outside the spectrum range. In this way, the kurtosis coefficient 
obtained was describing the overestimated model. 
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Secondly the imposed condition of discarding the sea-states with kurtosis coefficients with 
value of 9 or higher, although disregarding overestimated sea-states, it affected a number of sea-
states that contributed to the mean value of the kurtosis coefficient and the power of the cosine 
directional distribution function and in that way to other results, different to the ones obtained.

Another of the conditions imposed to three of the buoys (except Gran Canaria, because of the 
small significant wave height range) was to ignore the sea-states with significant wave height 
smaller or equal to 1 m. The idea of this condition was to avoid the inclusion of low energetic 
sea-states but with random values of the kurtosis coefficient and the power of the directional 
distribution. Looking at the results of the standard deviation in the low range of significant wave 
height, it is obvious by the high deviation from the mean that the problem was not resolve 
completely. 

Although the results obtained are not totally conclusive, they manage in a way to help and 
characterize the SEA and SWELL sea-states. With advancing investigation projects and 
introducing new methods and models of multi-modal spectrum, the results might eventually be 
better than expected today.
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