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ABSTRACT 

LeBlond, P.B., S.M. Calisal, and M. Isaacson. 1982. Wave spectra in 
Canadian waters. Can. Contract. Rep. Bydrogr. Ocean Sci. 6:57 p. + 
134 p. Appendices. 

This report addresses topics concerning the specification and description of 
wave spectra in Canadian waters. Modern requirements for spectral wave information 
are reviewed: the form of one-qimensional spectra now provided by MEDS is found to 
be generally satisfactory; directional spectral information is finding increasing use in 
design and is presently lacking in Canadian wave climatology • 

A limited set of one-dimensional wave spectra observed in a variety of 
Canadian marine environments is compared to three parametric spectra: the Pierson
Moskowitz, the Scott and the JONSWAP spectra. Although the JONSWAP spectrum 
provides the overall best fit to individual spectra, the "peak enhancement parameter" 
which matches its height to the observed spectral peak shows so much scatter that it 
is not possible to recommend the JONSW AP in preference to the Scott spectrum for 
design purposes. The Pierson-Moskowitz spectrum provides an adequate fit to 
observations only in a small number of samples, corresponding to fully developed seas. 

Specific recommendations are presented for the development of a Canadian 
spectral wave climatology, based on the analysis of information now available and on 
methods of processing data to be collected in the future. 

RESUME 

LeBlond, P.B., S.M. Calisa1, and M. Isaacson. 1982. Wave spectra in 
Canadian waters. Can. Contract. Rep. Bydrogr. Ocean Sci. 6:57 p. + 
134 p. Appendices. 

Le present rapport traite des questions relatives aux caracteristiques et a la 
description des spectres de vagues dans les eaux canadiennes. Les besoins actuels en 
matiere de donnees spectrales sur les vagues sont passes en revue: on estime que Ie 
type de spectres unidimensionnels fourni par Ie SDMM est generalement satisfaisant; 
les donnees spectrales directionnelles sont de plus en plus utilisees pour la conception 
et sont actuellement insuffisantes dans Ie cadre de la climatologie des vagues au 
Canada. 

Une serie limitee de spectres de vagues unidimensionnels observes dans divers 
milieux marins au Canada est comparee a trois spectres parametriques: les spectres 
Pierson-Moskowitz, Scott et JONSWAP. Dans l'ensemble, c'est Ie spectre JONSWAP 
qui s'adapte Ie mieux aux spectres de la serie, mais Ie facteur de rehaussement de 
pointe, que fai t correspondre sa hauteur a la pointe du spectre observee, presente tant 
de dispersion qu'il n'est pas possible de recommander Ie JONSWAP de preference au 
Scott pour la conception. Le spectre Pierson-Moskowitz ne s'adapte correctement que 
pour un petit nombre d'echantillons, qui correspondent a une mer forte stabilisee. 

Des recommandations precises sont formulees pour l'elaboration d'une 
climatologie spectrale des vagues au Canada, a partir de l'analyse des donnees 
recueillies, et a l'aide de methodes de traitement des donnees a collecter a l'avenir. 
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COMMENTS BY THE SCIENTIFIC AUTHORITY 

This report was prepared by Seaconsult Marine Research in two steps. 

Initially, the contract called for the preparation of a specialist report for design 

requirements for fixed and floating structures from two recognized authorities to 

define the spectral fitting to be carried out. After reviewing the results of the 

fitting, the specialists were asked to extend their report to include a review and 

comments on the findings of the study. Their report is included here as Appendix 

II. 

The second comment has to do with the low frequency energy present in 

spectral plots 13 and 25. The low frequency energy is not real. It is probably the 

result of brief interruptions of the telemetry circuit by radio interference. The 

records were left in the file because it was judged that the value of significant 

wave height and peak period were not substantially altered by this noise; i.e., the 

peak period was representative and the area under the spectrum was not seriously 

affected (5%) by the noise. In retrospect, the records are marginal and possibly 

should have been deleted from the file. 
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1. INTRODUCTION 

The scope and sophistication of both coastal and offshore 

structures have increased rapidly over the past decades, 

keeping in step with man's ever more ambitious plans to 

master the sea and extract its resources. The quality 

and the quantity of environmental information required -for 

the conduct of safe and profitable operations at sea have 

attempted to keep pace with the higher demands made on men 

and materials; however, for engineering design purposes, 

the analysis, parameterization and presentation of those 

collected data require reassessment. 

This report addresses an important aspect of the offshore 

wave climate, namely the specification of spectral charac

teristics of waves. Spectral wave information needs are 

identified in Chapter 2 on the basis of a literature 

survey, recent conference proceedings and the advice of 

recognized experts. A discussion of the parametric repre

sentation of spectra, together with a preliminary study of 

the fit of commonly used spectral curves (Scott, Pierson

Moskowitz, and JONSWAP) to spectra obtained in Canadian 

waters, are presented in Chapter 3. Methods of presentation 

of spectral wave information are reviewed in Chapter 4. Our 

conclusions and recommendations are presented in Chapter 5 . 
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2. WAVE INFORMATION 

2.1 General Design Considerations 

This chapter briefly reviews modern requirements for spectral 

wave information in the design of coastal and offshore 

structures and vessels. The assessment of modern needs 

has been compiled from recent literature and conference 

proceedings, as quoted in the text, and with the help of 

Profs. M. Isaacson and S. Calisal, respectively of the 

Departments of Civil and Mechanical Engineering at the 

University of British Columbia. These persons are recog

nized authorities on structural design and naval architecture. 

The results of the Wave Information Workshop held at the 

Bedford Institute of Oceanography in October 1980 (Mason, 

1982) have also guided the study. 

The nature of wave information deemed necessary for proper 

design of marine structures and vessels has evolved rapidly 

over the past decades, as the size and complexity of struc

tures have increased and the methods of structural analysis 

have become more sophisticated. As noted by Ploeg and 

Funke (1982), the confidence of designers has been severely 

shaken by their realization of the importance of hitherto 

neglected or unsuspected wave effects. Whereas in the 1950's 

and 1960's manuals were written with a certain level of con

fidence in the techniques of design subject to wave loading, 

modern texts (e.g. Sarpkaya and Isaacson, 1981) are much 

more qualified, especially with respect to the behaviour of 

deep water structures. 

Estimates of fluid loading due to wave motion on fixed and 

floating structures are required for three broad purposes: 

assessment of survivability, normal operational considerations 

and fatigue calculations. 

The term survivability, refers to the ability of a structure 
to survive the wide range and combinations of environmental 
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conditions to which it may be subjected. This concept 

includes an assessment of the structure's response to ex

treme conditions, such as IOO-year waves, but it extends 

also to a broader range of conditions, involving the joint 

effects of less-than-extreme loadings by a combination 

of different forces. In this respect, the high end of 

normal wave events is of relevance to survivability estima

tion because, although such sea-states may be well below 

the design wave height level of a structure, their occurrence 

simultaneously with other events (for example, high winds, or 

human error) may lead to catastrophic consequences. 

Normal operational considerations are concerned with the 

behaviour of a structure and with the activities carried 

out on and around it on a day-to-day basis. Estimates 

of downtime under certain sea-states and directions, or 

of possible damage to peripheral appendages of a structure 

require some knowledge of normal wave conditions on a monthly 

or seasonal basis. 

Fatigue is the cummulative effect of a succession of stress 

fluctuations on the elements of a structure. Fatigue may 

lead to failure even under weak loading after a long time 

and is the crucial factor in determining the operational 

lifetime of a structure. 

2.2 Spectral Wave Information Requirements 

Because marine vessels and structures are complex mechanical 

systems their response to applied forces is generally fre

quency-dependent. It is thus necessary to specify wave 

forces as a function of frequency in order to study their 

effect on a marine structure. Frequency-dependent wave 

information is most commonly extracted from wave data and 

used by the design engineer in the form of a power spectrum: 

a smoothed plot of the distribution of sea-level variance as a 

function of frequency (and possibly also direction of 
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propagation). The power spectrum does not contain all the 

frequency information available in the original data: a 

complementary phase spectrum represents the statistics of 

the relative phase between waves of different frequencies. 

Nevertheless the power spectrum has become a universally 

used method of representing wave conditions and finds 

widespread application in calculations of structural res

ponse and fatigue. 

The use of spectral methods in structural loading calcu

lations has been reviewed by Sarpkaya and Isaacson (1981). 

Current concerns in the application of spectral techniques 

include a recognition of the influence of low frequency 

effects, often parameterized under the term "groupiness", 

on the response of large structures, be they floating 

(Roberts, 1981) or stationary (Johnson et al., 1978), 

as well as the importance of the high frequency tail of the 

spectrum which is directly linked to stress reversals and 

fatigue related problems. The main effort in this study 

is focussed on simplifying observed wave spectra in terms of 

an analytical curve which preserves the features of the 

observed spectra that are important for engineering analysis. 

We shall return to this problem of spectral parameterization 

at length below. 

Waves are specified in terms of their direction of propaga

tion as well as of their frequency. Two dimensional spectra, 

showing the distribution of variance in terms of frequency 

and direction are often necessary in ship and structural 

design. Dalzell (1974), Cox and Lloyd (1977), Hoff~an and 

Chen (1978), and Berge (1981) have discussed the need for 

directional spectra. Large and complex marine structures, 

such as floating bridges (Langen and Sigbjornsson, 1981), 

as well as naval requirements for wave information, as for 

wave power research (Crabb, 1981), require directional 

wave information. The study of the response of long struc-

.. 
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tures also requires information on the relation between 

simultaneous sea-level displacements at two locations 

(Webster and Trudell, 1981) in terms of a cross-spectrum 

between these locations, a function related to directional 

spectral quantities. 

The current engineering requirements for wave spectral 

information as reviewed by Hogben (1974, 1980) within the 

framework of the activities of ECOR (The Engineering 

Committee on Oceanic Resources) have been incorporated 

with the additional advice of Profs. Cali~al and Isaacson 

in the following summary. 

Spectral Requirements 

1) Discrete spectra: 

* 

* 

Density of sea-level variance in the range 0 - 1 Hz 

with a 0.01 Hz bandwidth interval. 

Directional information in 12 directions (i.e. 

every 30°) for each frequency band. 

2) Parametric spectra: 

* In most practical cases, it is sufficient to describe 

the sea-state in terms of a parametric spectrum. 

A parametric spectrum must be simple, i.e. depend on a 

small number of parameters, and be well founded in 

observations: the type of spectrum chosen as well as 

the values of parameters used must provide a good fit 

to the average spectrum observed at the location and 

over the time period of interest. 

The rest of this report focuses on the question of the 

need for parametric spectra, the methods of fitting such 

spectra to data with an application to Canadian waters, 

and means of presenting parametric spectral wave information. 
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2.3 Parametric Spectra 

The body of discrete spectral information collected from 

direct wave observations is difficult to apply to engineering 

studies for a number of reasons. First of all, information 

collected over a period long enough to ensure statistical 

representativeness would yield so many spectra that it 

would be impossible to try to use them all: they have to 

be averaged, by season or type. These observed spectra 

would also show a large degree of variability, based in 

part on natural variations and in part on statistical 

fluctuations. There is obviously a need for a synthesis 

of observational spectra. The parametric spectrum repre

sents such a synthesis: an analytical function dependent 

on frequency and direction of propagation which includes a 

small number of physically meaningful parameters. 

Many parametric curves of the form S(f), where S is the 

energy per unit bandwidth and f the frequency, have been 

proposed over the years for the one-dimensional (non

directional) spectrum; among the best known are those of 

Darbyshire (1952), Neumann (1953), Bretschneider (1959), 

Pierson and Moskowitz (1964), Scott (1965), Mitsuyasu 

(1973), and Hasselmann et ale (1973). More complicated 

spectral representations include the six-parameter curve 

of Ochi and Hubble (1976), which attempts to model the 

spectral peak and the high frequencies separately, and the 

polynomial fit of Gospodnetic and Miles (1974), which 

represents the spectrum in terms of a power series in 

significant wave height and period with frequency depen

dent coefficients. 

Two-dimensional parametric spectra include, in addition to 

a function specifying the energy density in terms of fre

quency, a directional spreading factor about the mean wave 

direction. Borgman (1979) has discussed various parame

ter iza tions of the directional wave spectrum S (f, e) in terms 



- 7 --

of a product of frequency (f) and angle (e) dependent 

factors: 

S(f,e) = S(f)D(f,e). (2.1) 

A commonly used spreading function D(f,e) is the "cosine

squared" function 

2s e-eo D(f,e) = G(s)cos (--2--) 

where the parameter s specifies the spread in angle e 

(2.2) 

of the wave energy about a central direction eo (usually 

the wind direction). The factor G(s) is a normalizing 

function. 

The parameter s has been found empirically (Mitsuyasu 

et al., 1975; Hasselmann et al., 1980, Hogben, 1981) 

to vary with wave frequency, taking a maximum value of about 

10 -- corresponding to a very narrow beam -- at the frequency 

where S(f) has its peak value. The directional spectral 

parameterization expressed by (2.1) and (2.2) would then 

contain only one directional parameter, e , since s is a 
--- 0 

function of frequency. 

Further discussion will be concerned with fitting of one

dimensional spectra only. Although the techniques of 

fitting of spreading functions to observed directional 

spectra, as explained by Borgman (1979), Long (1980) and 

Van Heteren and Keyser (1981), are generally more compli

cated than those used in fitting one-dimensional spectra, 

many of the restrictions and caveats discussed below carry 

over to two-dimensional spectral fitting. 
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3. PARAMETRIC FITTING OF OBSERVED SPECTRA 

3.1 Description of Parametric Spectra 

Although all one-dimensional parametric spectra have some 

features in common, they differ in their precise shape 

and in the number and nature of their fitting parameters. 

It is clearly important to choose a parametric spectrum 

which combines simplicity with a good fit to observed condi

tions to provide a spectral climatology in an area. For 

this preliminary assessment of the fit of parametric curves 

to observed spectra in Canadian waters three of the simpler 

and best known curves, the Pierson-Moskowitz (1964), Scott 

(1965) and JONSWAP (Hasselmann et al., 1973) spectra, have 

been examined. These curves have been widely used in 

engineering and oceanographic applications. 

3.1.1 The Scott Spectrum 

The Scott (1965) spectrum is based on a modification of 

an earlier spectrum of Darbyshire (1952). The spectral 

energy density is given by 
. (f-f ) 2 , 

1. 34 H; exp - [ 0 . 01 (f - f: + 0 . 042) ] 

for -0.04l<f-f<0.26 
o 

0, outside that range. 

(3.1) 

Sl (f) is the variance of sea-surface displacement in 

m2 /Hz; f is the frequency (Hz) and fo the frequency of 

the peak energy of the spectrum; H is the significant wave s 
height in meters. Here, as elsewhere, Hs is defined 

as 

H = 4/ffi s 0 

where mo is the zeroth moment of the spectrum, i.e. 

the area under the curve S(f): 

00 

mo = f S (f) df 

o 

(3.2) 

( 3 • 3) 
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The Scott spectrum is completely specified by two para

meters: the spectral peak frequency fo and the significant 

wave height H . s 

This spectrum has been found to give a good fit to 

observations in the Persian Gulf, the North Atlantic and 

on the west coast of India (Dattatri et al., 1977; 

Chakrabarti and Cooley, 1978). The Scott spectrum is very 

similar in shape, if not in functional form, to the 

~Htsuyasu (1973) spectrum; it is shown in Figure 3.1 in a 

forw nornalized by H: 

1.4 

1.2 

1.0 
8, (f) 

0.8 
H 2 

s 0.6 

0.4 

0.2 

0.0 
0 2 3 

f -
f 

0 

:or - = S.l 1-:z. o 

4 
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3.1.2 The Pierson-Moskowitz Spectrum 

The Pierson-Moskowitz (1964) spectrum is based on a refine

ment of the Bretschneider (1959) spectrum. The spectral 

energy density is given by 

A 4 
S2(f) = -s exp (-B/f ), 

f 
(3.4) 

In the absence of wind speed data, the A and B coefficients 

are expressed in terms of the spectral peak frequency 

fo and significant wave height Hs (Bretschneider, 1959) as 

(3.5) 

Like the Scott spectrum, it includes only the two parameters 

Hand f. The functional form (3.4) also encompasses the s 0 
ITTC (International Towing Tank Conference) spectrum 

(Hogben, 1980). A non-dimensionalized form of (3.4) is 

plotted in Figure 3.2. 

1. 5r-------r--------,.----_---. 

..? 1.0 
en 
...... 

0.5 

o~--~~--~--------~---=~=:--~ o 2 3 

Figure 3.2. The Pierson-Moskowitz spectrum. 
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3.1.3 The JONSWAP Spectrum 

Curve fitting by Hasselmann et ale (1973) to spectra 

observed during the Joint North Sea Wave Program 

(JONSWAP) suggested that fetch-limited waves would be 

better fitted by modifying the Pierson-Moskowitz 

spectrum in the form 

A 4 a 
S3(f) = -s exp (-B/f )y (3.6) 

f 

where y is the peak enhancement factor. We will use the 

form introduced by Hasselmann et ale (1973) for the 

exponent a: 

[ 
2 2 2 ] a = exp -(f-fo ) /20 fo (3.7) 

The peak frequency factor 0 was found by Hasselmann et ale 

(1973) to be independent of fetch, with the values 

o = 0.07 

= 0.09 

f < f 
o 

f > f o 

There are then only three parameters left for fitting: A, 

Band y. The availability of an additional parameter 

makes it likely that a better fit would be achieved. 

Many observed spectra have been sucessfully approximated 

by the JONSWAP curve particularly in growing seas and in 

fetch-limited areas (Houmb et al., 1974; Houmb and Overvik, 

1976; Rye and Svee, 1976; Mitsuyasu et al., 1980; Kahma, 

1981). The spectral form (3.6) is shown in Figure 3.3 . 

The parameter B remains as defined in (3.5) in terms of 

peak frequency but, because of the presence of the 

enchancement factor y, the relation between A and H is 
s 

more complicated. For 1<y<4, which includes most values 

encountered, Mitsuyasu et al. (1980) have calculated that 

... 
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(3.8) 

We will use this result throughout, although we will find 

that some (about 15%) of the estimated values of y will be 

larger than 4. 

Using (3.8), we can then identify H , f , and y as the s 0 
three free parameters of the fitted JONSWAP spectra. 

4 r------------r-----------,r-----------~ 

~ 2 
C/) 

C/) 

o~----~L---L---------~~======----J o 2 3 

Figure 3.3. The JONSWAP spectrum (solid curve) compared 

to the Pierson-Moskowitz spectrum SpM(f). 

Note that the two spectra correspond to 

different values of H: y is not the ratio s --
of the Pierson-Moskowitz to JONSWAP spectral 

peak heights for the same total variance. 

3.3 Normalized Spectra 

As the fetch and the wind speed increase, waves grow and 

their peak frequency decreases. Experimentally, the wave 

energy increases very nearly linearly with fetch, while 

the peak period increases as the 1/3 power of the fetch, 

Hasselmann et al. (1973). Successive spectra in a developing 
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sea-state will thus differ in Hs (increasing) and Jfo 

(decreasing). In order to compare successive spectra 

and to assess the relative fit of different spectral 
1 

forms, it is convenient to normalize the spectra so that 

differences in peak height (via Hs) and frequency 

(fo ) do not mask more fundamental differences . 

Non-.dimensional Scott, P.M. and JONSWAP 

spectra are defined by the normalizing relation 

S* (f) = f S(f)/H
2 

o s 
(3.9) 

Thus, 

Scott: * Sl (f) = I [ (f -f ) 2 ] ' 
exp 0 

0.01(f-fo +0.042) 
(3.10) 

* 5 (~S exp [-% (;OYJ P. M. : Si(f) = 16 

(3.11) 

-5 

[-% (i")}a * 51 / 3(L) exp JONSWAP: S3(f) = 
16y fo 

(3.12) 

where a is given in (3.7). The observed discrete spectral 

values will be normalized in the same fashion. 

3.3 Fitting Method 

Each one of the observed spectra obtained from MEDS 

consisted of a sequence of values of energy density P(f i ) 

at 62 values of the frequency f . (i = 1, ... 62) from 0.05 
l. 

to 0.5 Hz. In each case, the peak frequency f was identia 
fied as that value of fi corresponding to the maximum 
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P, and Hs was found using (3.2) and the relation 

m = o i=l 
P(f.)~f . 

~ ~ 
(3.13) 

The two parameters fo and Hs defining the Scott and 

the P.M. spectra are thus readily found. The parameter 

necessary to complete the specification of the JONSWAP 

spectrum is found from matching the height of the 

observed spectral peak P(fo ) to that of the JONSWAP 

spectrum: 

from which 

/

5H 2 

P(f) _s_ 
o 16f 

o 

-5/4 e 

3/2 

(3. 14 ) 

(3. 15 ) 

Non-dimensional spectra Si ... s; are then plotted, 

together with the observed spectrum (also normalized: 

p* = foP/H~) for visual comparisons. The quality of 

the fit is characterized by the normalized 

root-mean-square difference between the model and 

observed curves; the "goodness of fit" parameter is 

defined as 

R . = .. / ~ ·[P*(f.) ) l i=l ~ 
- S ~ (f . ) ] 2-/ ~ P*( f . ) 

) ~ / i=l ~ 
(3. 16 ) 

for j = 1,2,3 corresponding to the three parametric 

spectral forms. 

• 
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One sequence of graphs of the spectral comparisons is 

shown in Figures 3.4 - 3.10 for immediate reference and 

discussion. The complete results of this comparison for a 

number of Waverider records are presented in Appendix I. 

In addition to the spectral comparisons and a table of 

goodness of fit results, each graph includes a table of 

spectral parameters calculated from the observations: 

significant wave height Hs (m), peak period Tp= l/fo 

(sec), peak frequency fo (Hz), the second 

moment ffi2 (m2 /sec2 ), the spectral width parameter 

£ and the peakedness parameter Qp . The latter three 

parameters are defined as 

with 

and N == 62. 

N 
- L 
i=l 

f~ P(f.)6f. 
111 

N 2 / 2 = 2 L £. P (f.) 6f . mo 
'11 11 1= 

N 
L 

i=l 

4 
f. p(f.)6f. 
111 

Variations of the goodness of fit, of the JONSWAP peak 

enhancement parameter y and of other spectral parameters 

may then be compared to the parameters specifying the 

sea-state, fo and Hs,and to each other. 
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Figure 3.5 Comparison of fitted and observed spectra at Tofino. 
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Figure 3.6 Comparison of fitted and obse:cvec1 spectra at Tof inc 
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Figure 3.7 Comparison of fitted and observed spectra at Tofino. 
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Figure 3.8 Comparison of fitted and observed spectra at Tofino. 
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Figure 3.9 Comparison of fitted and observed spectra at Tofino. 
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Figure 3.10 Comparison of fitted and observed spectra at Tofino. 
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3.4 Discussion of Fitted Spectra 

The wave measuring stations from which the data were obtained 

are identified in Table I, together with their location 

and water depth. The observed spectra, presented in the 

appendix, provide a small sample of waves over a storm or 

two at a number of different Canadian marine locations: 

the Atlantic, the Pacific, the Beaufort Sea and Lake 

Ontario. There are 112 spectra altogether, taken from 

100 different storms. 

Each series of spectra shows growing seas, with gradually 

increasing values of peak period T and significant wave 
p 

height H. Figures 3.4 - 3.lG show one ~ypical sequence s 
at Tofino, on the west coast of Vancouver Island. In the 

first 15 hours, the waves grow, with the significant wave 

height passing from Hs = 1.88 m to 11.44 m and the peak 

period increasing from T = 7.6 sec to 17.1 sec. The waves 
p 

decay following the passage of the storm: after a further 

6 hours, Hand T have fallen to 5.67 m and 15.2 sec s p 
respectively. 

The general relationship between T and H for all 112 
p s 

spectra is shown in Figure 3.ll ~ In spite of the fact 

that the data are drawn from 6 different locations, this 

diagram shows no more scatter than is usual for such plots 

for one location. The scatter is however too great to dis

tinguish between fetch limited seas, for which T ~ H 2/3, and 
/ p s 

saturated conditions,where T ~ H 1 2. Since the data come 
p s 

from a mix of fetch limited (Lake Ontario) and open 

ocean areas,one would expect waves of both types. However, 

in this study meteorological information was not incorpor

ated to relate spectral forms and parameter values to the 

wind and its fetch and duration. 

A visual inspection of the fitted spectra shows some 

common (but no universal) features: 



TABLE I 

Station identification and location. 

Station Spectra Name Area -Location Depth Date 
#= #= Lat. Long. {m} D/M/Y 

60 1-7 Mainduck Is. Lake Ontario 43-44-45N 076-49-39W 69 9/ 8/72 

" 8-:17 " " " " II 14/11/72 

103 18-23 Tofino Pacific Coast 48-59-27N 125-44-39W 40 15/11/75 

" 24-30 " " " II II 12/ 2/79 

138 31-39 Ben Ocean -Lancer Davis Strait 62-11-08N 062-58-17W 360 25/ 7/80 

" 40-64 " " II II " 17/ 9/80 

140 65-78 Zapata Ug1and Hibernia 47-03-12N 48-44.-48W 95 15/ 1/82 

" 79-100 " " " II II 14/ 2/82 

201 101-106 Explorer II Beaufort Sea 70-34-00N 134-35-00W 61 29/ 8/80 

202 107-112 Explorer IV " 70-49-00N 130-18-0OW 58 29/ 8/80 
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1) The best fit to the observed spectra, as defined by the 

closeness of fit near the peak of the spectrum, and 

in the f~equency band just above the peak, for 

1. 5 fo < f < 2.5 f o ' is usually provided by the JONSWAP 

spectrum. 

2) The P.M. spectrum usually underestimates the height 

of the spectral peak, except for the largest sea-states 

in a given storm. It also often tends to overestimate 

spectral levels at medium frequencies, between 1.5 f 
o 

and 2.5 f . o 

3) The Scott spectrum is often as good as the JONSWAP 

spectrum in fitting the spectral peak. 

4) In general, the type of spectrum which fits best at 

anyone location varies considerably with time --a 

result also noted by Thompson (1974). 

A quantitative evaluation of the goodness of fit is provided 

by the calculated values of R. (as defined by 3.16) for 
] 

the three parametric curves. The numerical values of R. 
] 

are very sensitive to the large differences between fitted 

curve and observed spectrum which occur near and just above 

the spectral peak, so that a small value of Rj corresponds 

to a good visual fit as described above. Scatter diagrams 

of the actual values of R. versus H are shown in Figures ] s 
3.12 - 3.14. The superiority of the JONSWAP spectrum stands 

out where the ratios of goodness of fit of Scott to JONSWAP 

(Rl /R 3 ) and P.M. to JONSWAP (R 2 /R3 ) are plotted (Figures 

3.15, 3.16). These ratios are almost always greater than 

unity, showing that the JONSWAP spectrum almost always 

provides a better fit than the other two curves. The distri

bution of fit ratios is also shown in histogram form in 

Figure 3.17, restating the result in a different form. 

The regional variability of the relative goodness of fit 

of the paramet~ic spectra and of the values of the peak 

enhancement factor y is presented in Table II. There are 



TABLE II 

Regional distribution of JONSWAP peak enhancement factor Y 
and relative goodness of fit of Scott & P.M. spectra 

vs. JONSWAP. 

Region No. of - Y-Range 
Average Average 

Y Scott-JONSWAP P.M./JONSWAP 
Spectra Fit Fit 

Lake Ontario 7 3.8 2.5-5.7 1.14 1. 33 
II 10 4.7 2.7-8.8 0.99 1. 70 

Pacific Coast 6 2.3 1.0-4.0 1.60 1. 77 
II - 7 2.3 1. 0-4.7 1. 51 1. 55 

Labrador Coast 9 3.0 2.2-4.0 1.12 1.83 
II 25 3.2 1.9-5.2 1.13 1.68 

Grand Banks 14 2.2 0.9-4.1 1.42 1.58 
II 22 2.2 1.1-4.7 1. 53 1. 70 

Beaufort Sea 6 2.2 1. 4-3.7 1.33 0.95 
II 6 2.2 1. 7-2.7 1.32 1.0-6 



j .~ . -

en: :., ,-. 
en' .. ~; 
W" 
Z · 
c) . • 

0 : . . , 
0 · ·· ·· ·· · 
(!) ,-~o ~J:-~', 

I . 
I 
1 
i 

o . ~ 

1 '-' 
t · · j t 1 • 

, - ~ -t i ~ ,0, 

- 28 -

• ~-;- -I • 

.. [ _! --;, t t -

, , • j 

, - ~ 

, ' I 
"-; ... 

•. I 

~ .~: f 

, • • . l-. ~- ~ ~

• ! - . . ! . -
; ., . ..... . . 1_ . 

. 
; 
i 

i , l-:·_··_-.. _ ... '-' ,""" -.. _ ... ~.- ---I 

I 
i 

o . 
'00 

o 
. ' O · 
O . 

o 

. . I 
! 

:0 I 
I 

I 

-=-: ':"0 .. 05 -J-.....:....~~~.....:...._r---1:.L....-.-:..-----r-----~ 
.. " : b . 5 'I b 15 

i 
! 

I .... , (m) 
1_' ,-~ ____ :_._. __ _ 

......----... ~ ~- .... -... --- ------'-_.,----
Figure 3.i~ Goodness of fit of the Scott spectrum to observed 

spectra as a function of significant wave height 
Hs· Small values indicate good fit. 

1 



- 29 -

~-~ : -: . : .~ .. ' ;:': ~ . : ' : ~ ;.: fl: :-:.-' : : . ~ i :' :.-.. ,. II' _ ... .. '"0 : h -: ' : 
. • .. . . . • . . , . . , . . . , r . . , . , ... - .. : . .• :: :: : '~ : : : : . ~ :: : ~ . : I I · . 

• I ~ • • • It ' . - • . ~ ... - • • : • • ,. • \' • ~ • " 1" ~ . . ; - 1 • .' • I - . ~ : : -1 -: : :::. . _. I ~ 
. , " '- 0- r ! J - ,- 1- • I ' 1 ! ' ,,"' • : : : : - : - : - . 7- ' . ,...- -:- " 1 I • • - • • . ... -I- • ' • 1 i . .. - . . . . - . 1 - • • I ; 4 , ~ . i - ~ " . - . .... ........ -

~ I': ::-!. ~ . ~ - L 1 .l . • i ! . _ :. L • • - .. __ ~ : _ ~ .. ~ : : : j .0: : ~ : : : ~ I : . ~ j : • ! • • • I. , .... . •. • ~ 

! ;. , - :. , 1·; ~;<:;: r ' :6 ; ':_; . , .. ~ I: : ... ~ . . ',: : ; : ~ ' ~ '0" :.~ i L~ :: ; r: I :~ : . l ->:-:~ : -' : : :~~: 

f
·_· '..,-,-, , ~, , 1-, ,.. . -+- : --·-._----.---+---4~__ 'r ' ; -~ .... 

• • • t .. -- " • • -- I : '_ ~ ! l ' I J • I I -1-1 -I' , ... . ' i.· . • ~ I - t j'~"" " ';-O ll ' " . . . J •• •• - • ~ ! J_ => ',' " ". " .1 ' • • , - • + ' t ' , ' I ' I " . . . 
- . ; ~ •. L (:: . ~ '.: : •• • :'1 '.' " ._ . . : . : : ! , : : : ; , , ." ; ' _... - . -

. ~ : ';. : -~ . . . r' " I . . : .. ! , • • : i· ~ : : : : . : : ~ i . . . - . 

~ . . .. 

I {,) . . . . " : ~ : :<,' :,: ; ~·i ··: . ; ' ,.'. . :: '4 : 1 : . : '.: : ~ ; . : : . ~ : . . 1 
( .. at .. ···- · · · . ' ·1 · · 0 ... ··· : 1 • • - •• , .... 

l~~~; -.~ . ~ ~+ -:: .. ' f: i' •.• :; .• ~ •••. •. + ...... '. '~ •.. --: ' .~ 
ft~ .. : :. ~ .; ; ~ ~: ;~ ~ ~ ~ ; i ~ I L~; i : ; ~ I!': : . ~ :.: ~.; ; ~ ; .. ~ i j ~ ~ ;: ~ : 'I: ~ ~ -~ .; ~ : ~ : '. t ; ~ ~ : ~< -~ :.: i 
~~: . . ; ; ; : j " ' i I .. .. r , . ~ , ' t1'"' ., ! r .. . : 0 j' j • r ,. ~ • ••. - •• •• , _ • • • i I I i... :. ... . • 
I ~' \ : ; . ~. . ·f ' t . r--'; I t - , i . 1 t: I 1 ' 1' I ' r : , , •• , 1 I .. , · · · ·0 . , to. . , . l ' . . ' " .... 1 
. ;:> I 0' 1 - • i ! . . :-' 0 : 184'~' :' n l ' .: ,_.... . , :, . . . I 1 " . •• • i . . . .. ; ~ , ,- ; I i O' .. ~. - t - j ; . r ~ t f . ... . - • 1'" t""1 , 4 • i ' ':' ' ! , - + . : f • ;. - , j t • f . ., . 0 ----- ~ 1 ~ • • t . .. . - .... - ~ - I 

~: : : i ; ~.:- .. ~~' ... :0 1 ' : 0 L;:. ! 0 " ·0 · l ~,:':":"":"'~_' _+_'_- _'_'~: ..:...~i .~~~.!J 
f~:~,::~· : : : :·: <? ::' l ~ O : : L) ' o': 1 , :' : :~ 9 ' :: ' : : ~ ' ; . . , ":' : 1 : . . : : .. : :1

1 1 
' . ' - " . . ' . ' . l7 . TO . . 1 . j ' :a ' O · . .- .. .... 1 

: I '0 '0 : ! O· Cb . .. :. . " '0 : 0 i . ,.. . ....... " 
" -::-....... , .' t •. • i . . . ' 
-- ~ . : . . 0 '" 0 :' : " 0 : . . i --,. .1 

1

0 . . I' --! - l _ . y u- ..... . . , I • t .• .. ; . , . I . . ' ., . , ,.... -' i 

r1: . -o.~ F,: -~-. ' eo' .. --- -.:. .. ~ - - ~ ... -' . ~_!_O . - .:"':"' .. ~.- +- ...:.. ~..:..' 0 .2 .~ -.:. ... ~.~.:~--j 
i~; ' " .' , . 0 • 0 t . , - . , - .. -0 .. -

l ~· . ! - , : ! :0 :, '0 ' d '9 '" 0 0 -·i 0 : . ,~i 
1:1 . r : 0 . ," j 
i~ ._~ i ~__ .... _ . __ .. ~h_. 00 

() <b . , . : ~ .:~L _ 0 . ~. .L:_ .. _ .. __ L:~_· < •. ~ 
;1.1.. ' \. ; . . . 0 . , . <00. 0 . . o · I .• , '., 0 . I : .. < 

I

l
'() ':. ' . b . : '0 ' O' . -cP ' . . : 1 ' , 

• • J • 

I (n' 00 : : 0 j . . . 0 0 . : 

I
!m. : Cb~o: :°09 I . • • i : : ~ : . ... . L 
LLI .00' . . 1 . . . 1 .. . ! • . ; 

IZ' .. , . . . J • • 0 . '; . - : , fC -.- -0.1 :- <§> Oo" '~ .~.- :.-- . .. - " .. -.... f - ~'-' -'o .. -. :--~':"" . : -. ~-. ...:-.:-:...:~:.~ Ig ' 0 0 c8 0 0 . . . .. ,....... ! 
i 
i 

r" 
i 
I , 

! 

.cg 

. '1 °.0 0 .. _ ·1 

J
' 0 .. f 

. I 

O i, 
O .. 05----~~--~~~I.---~~--~--~------~------I , l 

o 5 10 15 

L . ____ _______ . __ .. ... _. i .. ._ ._ . ...... . ... ~ ..... .. __ .. __ ~ .. _ ..... ________ . _ __ ._ .1 

Figure 3 . . 3 Goodness of f i t ' of the Pierson-t-1oskoVli t: z spe.:::trum 
·to observed ' spectra as a function of significant 
wave height Hs. small values indicate good 
fit. 



- 34 -

small regional differences in the results. For example, 

the spectra are somewhat peakier, with larger values of y, 

in Lake Ontario, where fetch-limited conditions would be 

normally expected, than in the open sea areas. In the 

Beaufort Sea, the P.M./JONSWAP fit ratio seems to indicate 

that these two parametric spectra provide equivalent fits. 

A closer look at the actual curves (Spectra 101-112 in the 

appendix) shows that the observed spectra are very noisy 

and that the P.M. and JONSWAP provide equally bad rather 

than comparably good fits, with the latter being a better 

approximation to the spectral peak. It would be premature 

to draw any conclusions on regional differences in wave 

spectra on the basis of so few data, given the large amount 

of scatter in the results and absence of accompanying 

meteorological information. 

A scatter plot of calculated values of y against H (Figure s 
3.18) shows some tendency towards decreasing values of y 

at larger sea-states, together with somewhat less scatter 

than at small values of H. Other observations (Chakrabarti s 
and Snider, 1975; and Ewing, 1980) have indicated that y 

decreases towards unity as fully developed conditions are 

approached. 

Specifically, Ewing (1980) finds that y+l as the non

dimensionalized peak frequency U=UIofM/g + 0.13 (with 

UIO the wind speed at 10 m, fM the peak frequency and g 

the acceleration of gravity). Wind data were not used 

in this study to ve~ify this observation, but there is often 

a tendency for y to tend to unity at the peak of some of 

the observed storms, as the P.M. spectrum becomes a better 

fit to the observed spectrum (cf. for example the sequence 

of spectra 89-93). The absence of simultaneous meteorologi

cal information makes any correlation with wind speed im

possible here. 
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Figure 3.18 Scatter plot of the JONSWAP peak enhancement 
factor Y against significant wave height Hs. 
When Y=l, the JONSWAP spectrum reduces to the P.M. 
spectrum. 

15 



- 36 -

3.5 Reliability of Parameter Estimates 

Any discussion of wave spectra must keep in mind the random 

nature of ocean wave processes. The power spectrum is a 

statistical estimate of the variance as a function of 

frequency. Each spectral value P(f) is known only within 

some error bounds. Averaging over a succession of inde

pendent estimates, or over adjacent bandwidthsw increases 

the number of degrees of freedom and decreases the error 

intervals. Assuming that each value of P(f) is the average 

of 2N independent estimates of the values of squares of 

Fourier coefficients, the confidence limits for the 

estimate of P(f) may be found from the chi-squared distri

bution (e.g. see Otnes and Enochsen, 1972, pp. 216-222). 

MEDS spectral estimates are normally averaged over 8 blocks 

in a 20-minute sample (Wilson and Baird, 1981). Assuming 

stationarity, each P(f) has 15 degrees of freedom (2N-l). 

From the chi-squared distribution, there is thus a 90% 

chance that the true spectral estimate Po lies in. the range 

0.6< .Po/P < 2.0. Each observed spectrum should then be 

considered as surrounded by a band of uncertainty extending 

to the levels given by this inequality. In particular, 

two spectra where 90% confidence intervals overlap cannot 

be considered statistically different at that level of 

confidence. Similarly, and this is a crucial point in 

fitting parametric spectra to the observed values, two 

parametric spectral curves which both lie within the con

fidence intervals of the observed spectrum are not statis

tically different· than each other, even though one may 

appear to follow the observed curve more faithfully than 

the other. The 90% confidence levels have been superimposed 

on Spectra 24-26 (Figures 3.4-3.6) for a few frequencies for 

visual comparison. An examination of the spectral fits shows 

that the Scott and JONSWAP spectra are usually within the 

confidence limits of the observed spectrum while the P.M. 

spectral peak is often below the lower 90% confidence level. 
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Spectra are sometimes characterized in terms of their 

moments or quantities derived therefrom, such as the 

width parameter £ or the peakedness parameter Q. The 
p 

significant wave height H is the simplest representation - s 
of the amplitude of the waves and is given in terms of the 

zeroth moment by (3.2). Estimates of spectral moments 

depend on the number of degrees of freedom as well as on 

the high-frequency cut-off point of the spectrum. Chakra

barti and Cooley (1977) have shown that the estimates of 

spectra~ parameters become stable above about twelv~ 

degrees of freedom, a condition satisfied by all spectra 

-examined here. Rye (1977a,b) has examined the stability 

of wave parameters with respect to the value of the upper 

frequency cut-off fH for the JONSWAP and P.M. spectra. 

Only Qp turns out to be nearly independent of f H; the other 

parameters generally stabilize for a value of fH/f ~ 5. 
P -

The significant wave height, the only parameter used in the 

parametric spectrum fit that is sensitive in this regard, 

stabilizes for fH/fp ~ 3. In fitting the JONSWAP -spectrum 

the approximate form- (3.8) is imposed, which assumes that 

fH/fp ~ 00. There are thus a few cases, easily detected in 

the spectral graphs shown in the appendix by the large 

amount of energy which they contain at high frequencies 

(for example, spectra #8,9,101,108), in which there is some 

amount of high frequency variance included in the fitted 

spectrum which is not present in the observed spectrum. The 

error which this produces in the significant wave height is 

below 10% in these few cases. 

Finally, the frequency of the peak of the spectrum, f , is 
o 

determined only within the accuracy of the bandwidth of the 

spectral estimates. In a few cases, as in spectra # 8,15,18, 

30,87,95, there are two very nearly equal adjacent large 

values of P(f), so that there is some uncertainty in the choice 

of f . o 
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3.6 Conclusions of the Spectral Fits 

1. The JONSWAP spectrum has been found to provide a 

better fit of the observed spectra than the Piers~n

Moskowitz or the Scott spectra. This better fit is 

achieved because of the presence of the additional 

parameter y which is used to match the JONSWAP spectra~ 

peak to the observed value. 

2. Both the JONSWAP and the Scott spectra generally lie 

within the 90% confidence intervals of the observed 

spectral estimates and are thus not statistically 

different approximations of the observed spectrum. 

3. All three ·tested spectra are nearly equally good fits 

for fully developed seas, corresponding to the highest 

waves in a storm. The common use of the Pierson

Moskowitz spectrum for such conditions is thus justified. 

We note however that these conditions occur only for a 

small fraction of the time. 

4. None of the parametric spectra examined appears to 

be adequate for fatigue calculations since the high 

frequency tail of the observed spectra show a great 

deal of variability which is not generally reflected 

in the form of the parametric spectra. 

5. No one parametric spectral form adequately fits all 

parts of the observed spectrum for all locations and 

all times. Thus, although the JONSWAP spectral form 

may provide a better fit, given a appropriate value 

of y, to almost all of the observed spectra, it 

is not possible to choose a single value of y which will 

make a JONSWAP spectrum fit all observed spectra .even 

within a single area significantly better than the 

Scott spectrum. 

6. The impossibility of specifying an unambiguously best 

spectral form among those examined is attributed in 

part to the small size of the sample tested, making it 
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impossible to bring out clear patterns from the scatter 

of observed values, and also in part to the lack of 

meteorological data to help order and understand the 

spectral variations. It is clear that a determined 

search for an observationally well-founded parametric 

spectrum in anyone area would require a larger set 

of observed spectra as a data base as well as accompany

ing meteorological information. 

7. It has been noted that reliable and stable spectral 

estimates require a careful choice of frequency 

bandwidth, length of record and sampling frequency as 

well as a high enough value of the high-frequency cut

off of the spectrum. 
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4. PRESENTATION OF SPECTRAL WAVE INFORMATION 

The current methods of presenting the non-directional 

spectral data in digital and graphical formats, together 

with the treatment of the characteristic wave height (HmO) 

and peak period (Tp) data, is valued by users and should be 

maintained. There are, however, s .everal additional parameters 

describing the observed spectra which are readily calcul.ated, 

and are valuable in examining the spectral climatology in a 

given area. These are: 

and v 

where 

mO' ml , m2 , m3 , m4 , TmO,I' Tmo ,2' Tm2 ,4' e::s ' Qp ' 

00 

m 
n 

(Moments of Spectrum) = J fn S (f) df, 

T (Average Period) = 
mO,1 

T (Average Apparent Period) = (:°2)' mO,2 

Tm2,4 (Apparent Crest Period) = (::)i . , 
e: s (Spectral Width) = 

2 mOm4-m2 
mOm4 

N 

, 

L: 2 2 Q (Spectral Peakedness) = 2 f.P (f.)~f./mO ' p 1. 1. 1. 

i=l 

and v (Spectral Narrowness) 

The statistics of these parameters, which may reveal seasonal 

and geographical trends, or vary with the storm characteristics 

which produce large sea states, are readily presented in monthly 

histogram plots. These variables could also be shown in time

series formats on identical time scales and similar in form to 

the characteristic wave height plots presently used by MEDS. 
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An important aspect of presenting this type of information 

is documentation of the instruments from which it is derived, 

and the methods of calculation for individual parameters. 

This documentation needs to be adequate for judging the 

confidence limits on the various parameters and their 

stability. The documentation should describe: 

(1) the wave measuring instrument and its response 

characteristics, together with an assessment of the 

accuracy of the energy density estimates; 

(2) the calculation of the spectrum giving the Nyquist 

frequency, any filtering techniques applied, blocking 

and averaging details, and the method of calculating 

the Fourier Transform; 

(3) the definition of the spectral moments and derived 

properties, and the formulas used to calculate them 

from the discrete spectrum. 

Documentation of this type could be conveniently presented 

in the MEDS Users Guide. 

As found in this study, the parametric spectra show great 

variability in how well they reproduce individual, observed 

spectra and in -their defining parameters. The main challenge 

in presenting the spectral parameters (e.g. for the JON SWAP 

Spectrum or other spectra with parameters additional to HmO 

and Tp) to users, will be to convey this variability in a 

meaningful way, related for example to long-term seasonal 

changes in the wave climate, or to short-term, storm-induced 

changes through a dependence on the fetch or duration of wind. 

-Recommendations for presenting these data are not discussed 

here because it is believed to be premature to suggest that 

one, or even several, parametric forms are well enough 

established for oceanic conditions to be meaningful for 

specifying a wave climatology. This is discussed more fully 

in Chapter 5. 
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Directional spectra, derived either from instruments at 

sea (with a resolution of 0.01 Hz between 0.1 and 1 Hz 

and with 30 0 angular bandwidths) or from hindcast models, 

consist of up to about 1000 energy density values. The 

presentation of this much data is better done in graphical 

rather than tabular form. Outputs of individual spectra 

in graphical form may be made in polar forms as P(f,9) 

(Figure 4.1) or as a function of the. vector wave number 

(P(~) (Figure 4.2) with Ikl related to Wthrough the dis-

persion relation .and 
-1 via tan 9 = k /k • x y 

the direction of wave 

the 9, the direction of propagation, 

Stick diagrams (Figure 4.3), showing 
I 

propagation at different frequencies 

are also a · useful way of representing directional wave 

information. Wave roses of the form shown in Figure 4.4 

have also been found useful in presenting the simplest 

directional information available. 
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Figure 4.1 Directional spectrum S(f,e). From Cartwright 
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

Although discrete spectra derived from wave measurements 

are used in some applications, the greatest demand for 

spectral wave information is in terms of parametric spectra. 

It is relevant to a spectral wave climatology to establish 

how well the various parametric forms presented in the 

literature model the observations, and whether one parti

cular form is superior to the others in representing the 

ocean wave spectra in different areas. From the results 

of the present study it is concluded that the parametric 

spectra do reflect the principal characteristics of the 

measured spectra, although there is considerable variability 

in how well anyone parametric form fits all spectra at 

a given location, and how well different portions of the 

measured spectra are fitted at different times. Thus it is 

appropriate to employ parametric spectra as one means of 

providing climatological wave data in Canadian offshore 

waters. Such parametric spectra can be assumed to model 

the energy distribution of a suitably averaged ensemble 

of observed spectra, i.e. averaged in such a manner as 

to preserve the correct relationship to the generation 

and decay processes. 

The use of parametric spectra is justified because of the 

ease of dealing with only a few free parameters, instead 

of a complete discrete digital spectrum, and because the 

free parameters can be related to the physics of wave 

generation through a dependence on wind speed, fetch and 

duration (see e.g. Mitsuyasu, 1981). From the curve 

fitting of parametric spectra to 112 measured spectra in 

this study, the JONSWAP spectrum provided a fit which in 

most cases left an error less than 10 percent, in terms 

of the squares of the differences, between the two curves. 

In general, the three-parameter JONSWAP form fitted the 
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data better than the Scott and Pierson-Moskowitz spectral 

forms, which were also examined . here. In many cases, 

however, the JONSWAP and Scott spectra were embedded 

within the 90 percent confidence intervals for the spec

tral estimates, and thus did not constitute statistically 

different fits to individual spectra. The Pierson

Moskowitz (P.M.) spectrum provided a satisfactory fit 

only for seas which ·were apparently fully developed; in 

all other cases it grossly underestimated the energy con

tent at the spectral peak frequency. It is also clear 

from ·the graphs in Appendix I that the P.M. spectrum 

consistently overestimated the energy in the high-frequency 

portion of the spectrum particularly just to the right 

of the spectral peak. 

From this study it is concluded that the JONSWAP spectrum 

generally fits the observed spectra well, although there 

is no possibility of commenting on how adequate this fit 

is for engineering purposes without examining its use in 

several types of applications in detail. Furthermore, 

the JONSWAP form is generally superior to the Scott and 

P.M. formulations because of the peak enhancement factor, 

y, in the JONSWAP spectrum. Mitsuyasu (1981) also found 

that the JONSWAP spectrum provided a good approximation 

to measured spectra in the generation area. Furthermore, 

by examining the relation of the JONSWAP parameters to 

the wind, Mitsuyasu estab1is~ed a dimensionless fetch 

relation for y of the form 

y = 7.0 p-1/7 

where F = gF/U2 , 

F = fetch , 

g = acceleration of gravity, and 

U = the wind speed. 
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This differs from the Hasselmann et al. (1973) conclusion 

that y is approximately constant at 3.3, although showing 

considerable scatter about this value. In the present 

study the meteorological parameters, wind speed,. fetch 

and duration, were not available with the spectra and 

it was not possible to determine a single value for y 

applicable in all situations, or some functional dependence. 

of this parameter on the wind field characteristics. 

The two and three-parameter spectra fitted here all have 

severe restrictions when the oceanic spectra take on com

plicated forms. These situations often occur when swell 

and wind sea combine with well-separated .peak frequencies 

resulting in bimodal energy distributions. In such. cases 

the relatively simple parametric forms fail completely to 

capture the essential details of the observed spectra. 

Examples are shown in some, but not all, of the spectra 

for station 140 during the severe storms on the Grand Banks 

on January 15th and 16th, and on February 14th and 15th, 1982 

(spectra 65 to 100 in the appendix). In such cases, the 

lower-frequency energy .most often is modelled with the para

metric spectrum, and the higher-frequency energy is greatly 

underestimated. At other times the . fall-off of energy to 

the right of the peak frequency is very rapid, and there 

exists a plateau or long tail of high fr.equency, but 

low level energy which is overestimated by the fitted spectra. 

Ochi and Hubble (1976) recognized these trends in other 

north Atlantic Ocean spectra and pointed specifically to 

the importance of parameterizing the high-frequency 

energy distribution correctly for use in the design of 

vessels that have high-frequency response characteristics. 

They introduced the 6-parameter spectrum for this purpose. 

We believe this aspect of specifying a wave climatology 

requires further study. It would be potentially misleading 

to base a spectral climatology on a parametric spectrum 

which is applicable only a fraction of the time during the 
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growth and decay cycles of the sea-state. As noted above, 

the interpretation of fitted parameters is done in terms 

of the wind characteristics that generate the waves: little 

of this type of interpretation is available for the 6-parameter 

spectrum and would logically accompany a systematic investi

gation of the applicability of the 6-parameter (or perhaps 

alternate) formulation. 

5.2 Recommendations 

The principal objective of this study was to provide a series 

of recommendations for presenting a spectral wave climatology 

to potential users of such information. To arrive at a general- 

ized description of wave spectra in a given area, and in this 

way avoid the -dissemination of a large amount of digital spectral 

data on a routine basis, the approach of presenting the clima

tology in terms of one-dimensional parametric spectra was 

examined. However, from the preliminary fitting of three 

frequently used parametric spectra to observed data in this 

s~udy, it is clear that no one spectral form provides a universal 

model of the measured spectra at all times. Thus it is not 

possible to select one, or even several, parametric spectra 

on which to base a climatological description at this stage 

of the investigation. So that while specific methods of 

computing and presenting climatological data using parametric 

spectra cannot be recommended, several definite steps that can 

lead to a resolution of the questions surrounding the para

metric spectral representation can be proposed. 

An extension of this study's approach to fitting parametric 

to measured spectra is warranted. As many spectra as possible, 

at selected locations for which meteorological data are avail

able, should be thoroughly analyzed to determine: 

(1) the optimum parametric spectrum. In this respect, 

spectra other than those tested here should be examined, 

in particular the 6-parameter spectrum of Ochi and 

Hubble (1976) which would test the representation of 

high-frequency energy. 
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(2) the dependence of the optimum spectrum, or the type 

of parametric spectrum, providing the best fit or fits, 

and the variation of parameters on season, stage of 

storm or other environmental conditions. 

This work should be done at a level higher than straight curve 

fitting by invoking the physics of wave generation through 

the availability of suitable meteorological information. 

The wind speed and direction should be available at or near 

the location of the wave samples during each of the storms 

selected. ,Execution of this recommendation should concentrate 

on areas with extensive data archives. In this regard, the 

Grand Banks and the Beaufort Sea are two regions having good 

seasonal coverage of both wave and meteorological data. 

It is strongly recommended that the observed spectral properties 

listed in Chapter 4 be calculated for all spectra, and archived 

together with the discrete digital spectrum on a routine basis. 

Additionally, the statistics of these parameters should be 

calculated and presented in the wave data product booklet 

for each Waverider station. This recommendation pertains t9 

both new data entering MEDS and those data already archived, 

since in fitting parametric spectra to observed data, relation

ships can then be sought between the fitted parameters and 

these measured properties. 

It is also recommended that MEDS prepare a detailed technical 

document describing data acquisition and analysis. This 

material should include technical specifications of the 

measurement instrumentation such as response characteristics 

and limits. As outlined in Chapter 4, the analysis discussion 

would include filtering techniques, methods of calculation, 

and formulas used to calculate the spectral moments and 

derived properties. This material could be included in the 

present MEDS Users Guide. 
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Directional wave spectral data are now widely recognized 

as important for engineering design and are being acquired 

in offshore areas with increasing frequency. One example 

of this is the Federal Government program to collect wave · 

climate data on the Northern British Columbia coast, a 

project which includes directional wave measuring instruments. 

Directional spectral data are also available from meteorolog

ically-based wave hindcast models (Resio, 1981) and these 

can be used to prepare a spectral climatology, although one 

which must recognize the need for sound instrumental veri

fication. With the availability of some directional spectral 

data now, and anticipating increasing amounts in the future, 

it is recommended that MEDS implement a data analysis package 

capable of producing estimates of mean wave direction as a 

function of frequency and estimates of the directional spread

ing functions. 

In addition, the one-dimensional spectra found by integrating 

the directional data, and the derived properties listed in Chapter 

4, should be calculated. By doing this, and routinely proces

sing directional data that becomes available, the information 

required to better verify the parametric directional spectra 

described by Hasselmann et al. (1980), Mitsuyasu et al. (1975) , 

and Mitsuyasu (1980) will be at hand. While it is premature 

to recommend parametric forms for directional spectra to user 

groups, this type of data processing would help to establish 

the correct spectral forms and, importantly, their limitations. 

It is further recommended that meteorological data be collected 

and analysed in conjunction with directional wave spectral data. 
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APPENDIX I 

Spectra 1 - 112 

This appendix includes plots of all observed spectra 

provided by MEDS for analysis, together with fitted 

Pierson-Moskowitz, Scott and JONWSAP spectra, and 

estimates of various wave parameters, as defined in 

Chapter 3. Locations of wave measuring stations are 

given in Table I. 
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C.C5 

#23 

# 103 

17: 00 

0.15 

80 

Sigr'd fica:7: ;,'ave Heig,it ;...~= 7.78 f'i 

Pea.": Period Tp= 13.7 s 

Pea.< .;::"eq:.,:er;cy I.&~= 0.0732 I;':Z 

S~=c.--:1 F=.~.'7: ~= 0.0409 (!I2/S2 

Spectral if':c':.7 Parareter e = 0.8058 

Pea.<e=:--:~ss .~.~a:::~:e." Li1 = 2.7620 

.. ~o."'S;''J..;: ?ea.~ E.--:!:a::ce!::·e.'Jt r = 2.6381 

C,..e ..... ~,..·'1fIII 
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SPECTRUM # 24 
STATION # 103 

12/2/79 - 23:00 

- 81 -

Significant Jrave Height 1Is= 1.88 m 

Peak Period 

Peak Frequency 

r" = 7.8 s 

fo= 0.1318 Hz 

Second Moment ~= 0.0094 m2/s 2 

Spectral Jridth Parameter e = 0.8837 

Peakedness Parameter f.?; = 1.8985 

JONSJrAP Peak Enhancement r = 1.0833 

Spectrum 

--- Observed 

Goodness 
of Flt 

- - Scott 0.1827 
---- P.M. 0.1172 
-._- JONSJrAP 0.1181 

(;) i -+-,,-,-;;=,.-,--r-rr''--r''1 J 1' ....... r l-,",--r-rl"'-r-,--I" T-r-r-, -rl--ro' -ru'-j'"'-
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 

FREOUENCY f 1Hz] 
0.50 
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.; ~ SPECTRUM # 25 

1 STATION # 103 
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Significant Kave Height Hs6Z 2.88 m 

Peak Period Tp-= 8.8 s 

Peak Frequency fOIZ 0.1485 Hz 

Second Moment ~'" 0.0145 m2/s 2 

Spectral Kidth Parameter C "" 0.7039 

Peakedness Parameter ~ = 1.9477 

JONSKAP Peak Enhancement 1 -= 1.8315 

Spectrum 

--- Observed 
-- Scott 
---- P.M. 
- 0_- JONSKAP 

Goodness 
of Fit 

0.1329 
0.0944 
0.0951 

:,L, ,.-,-.....-';.-..:r:'-T-fr-,"-/-· r T-r-T '1"-" TT ,-r-,--,o-roTor ' r-r-,-,- -r -r1'-"-r- T , ', -'I' 01'-
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 

FREOUENCY f [Hz1 
0.50 
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SPECTRUM # 28 

STATION # 103 

13/ 2/79 - 5: 00 

\ 

I \ 

! \ I . 
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I \ 
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Signjficant J(ave Height lis"" 3.84 m 

Peak Period 

Peak Frequency 

Tp.,. 9.1 s 

fo"" 0.1099 Hz 

Second Moment ""''''' 0.0208 m2/5 2 

Spectral J(idth Parameter e "" 0.7403 

Peakedness Parameter ~ = 3.3057 

JONSJ(AP Peak Enhancement 1 ""4.7418 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.1311 
---- P.M. 0.1897 
-._- JONSJ(AP 0.1241 

~ 

<::) +.,--'--r-T-r""f' -,-,-,-, -- ,-- ,- -r-, T -,- ,--,- -'-- '.~-~'-~T~' -~I ~-- ,:;;.- -7-1 -~''''- T'', ~r-f""''''''"T-'''''''''''''''''''I'''''''''!'''-r-,...,.....,....,...,~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREGUENCY f [Hz} 
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SPECTRUM # 27 
STATION #103 

13/ 2/79 - 8:00 

f ' 

A-
h , 

-

Slgnjflcant Have Helght f1s= 8.48 m 

Peak Perlod 

Peak Frequency 

7;= 12.4 s 

fo= 0.0808 Hz 

Second Moment ~= 0.0317 m2/s 2 

Spectral Hldth Parameter e =0.8042 

Peakedness Parameter q, = 3.1581 

JONSHAP Peak Enhancement r = 3.2428 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.1479 
---- P.M. 0.1758 
-.-- JONSHAP 0.0474 

~ -+--r-r--r-.,.-r," --ro-,-1"'"1" -,- T TI~' '~-:';"l"~'~'~T~" r~;,,=r-;.~"""'''''''''''r-T'''''''''r'-T-'--r--r'''''''''''''''I"''''''I'''''''''-'l"'"''T-.--r--r--.-1 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f [Hz} 
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I SPECTRUM # 28 Signjficant }fave Height lis&: 8.85 m 
I 

-1 STATION # 103 Peak Period Tp&: 13.7 s 
! 

'" I/) <:) • ;:t:: 0')--.: 
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::.... ~ h. C 
~ 
aJ 
c::s 
::.... 
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~ ~ 
lJ.J (:> 

~ 
~ 
-...J 

~ i<') gj ~ 
~ c 

J 3/ 2/79 - J J: 00 Peak Frequency fo = 0.0732 Hz 

Second Moment ~&: 0.0458 m2/5 2 

Spectral }fidth Parameter e &: 0.81BB 

Peakedness Parameter Op &: 2. 41B1 

JONS}fAP Peak Enhancement r &: 2. 22B1 

Spectrum 

--- Observed 

Goodness 
of Fit 

- - Scott 0.1387 
---- P.M. 0.1587 
-._- JONS}fAP 0.1244 

0.50 
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SPECTRUM # 29 
STA TION # 103 

13/ 2/79 - 14: 00 

SlgnHicsnt Hsve Height Hs~ 11.44 m 

Pesk Period 

Pesk Frequency 

r,,~17.1s 

fo'" 0.0588 Hz 

Second Noment ~= 0.0588 m2/s 2 

Spectrsl Hidth Psrsmeter S ~ 0.8878 

Peskedness Psrsmeter ~ .., 2.5522 

JONSHAP Pesk Enhsncement r a 1.8588 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.1.81.8 
---- P.N. 0.1.525 
-._- JONSHAP 0.1.099 

C ~rT.r"""~I"~~I~I~I~.-~~~-F~~~~~~~~~~~~~~~~~~~ 
0.00 0.05 0.10 0.15 O.PO 0.P5 0.30 0.35 0.40 0.45 0.50 

FRE{)UENCY f [Hz] 
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<i J SPECTRUM # 30 
STATION # 103 

~ 1 13/ 2/79 - 20: 00 
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Sign1ficant h'ave Height lis"" 5.87 m 

Peak Period 

Peak Frequency 

Second Noment 

r""" 15.2 s 
fo"" 0.0858 Hz 

~"" 0.0245 m2/5 2 

Spectral h'ldth Parameter 8 "" 0.8208 

Peakedness Parameter ~ "" 1.7828 

JONSh'AP Peak Enhancement r "" 0.8880 

Spectrum 

--- Observed 

600dness 
of Fit 

- - Scott 0.0833 
---- P.N. 0.0932 
- ._- JONSh'AP 0.0932 

l =--
~ -+1-.-r-r1'· '1 "-- I- r,- T-r'-'r---T~' 1':--T~'-;:l ~-r~-Yr=rl¥::;-'-;-,....r-r~-r-r-'-""""~-'-T--r~-r-T--,-.,...,~-,-~-r-l 

O. 00 O. 05 O. j 0 O. j 5 O. 20 0.25 O. 30 O. 35 O. 40 O. 45 O. 50 

FREOUENCY f [Hz] 
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~------------------------------------------------

SPECTRUM # 31 
STA TIDN # 138 

25/ 7/80 - 17: 08 

Slgnjflcant Have Helght Hs= 2.28 m 

Peak Perlod 7;= 8.5 s 

Peak Frequency fo= 0.1538 Hz 

Second Moment ~= 0.0112 m2/s 2 

Spectral Hldth Parameter e = 0.8282 

Peakedness Parameter ~ = 2.9985 

JONSHAP Peak Enhancement r =3.0888 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.0982 
---- P.M. 0.1238 
- ._- JONSHAP 0.0883 



~ 
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SPECTRUM # 32 

STATION # 138 

25/ 7/80 - 23:00 

0.00 0.05 

- 89 -

, 

Significant flave Height lis"" 2.82 m 

Peak Period Tp= 7.2 s 

Peak Frequency fo"" 0.1392 Hz 

Second Noment ~"" 0.0120 m2/s 2 

Spectral flidth Parameter e "" 0.8393 

Peakedness Parameter 0:,= 3.8877 

JONSflAP Peak Enhancement 1 =3.3528 

Goodness 
Spectrum of F1.t 

--- Observed 
- - Scott 0.0958 
---- P.N. 0.1828 
-._- JONSflAP 0.0742 
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~ 
.-------------------------------------------------------------------~ C;) 

SPECTRUM # 33 

STATION # 138 

~ 28/ 7/80 - 2'00 
c:) 

f~ • 

I 

Significant Have Height Hs= 2.57 m 

Peak Period 

Peak Frequency 

Tp- 7.2 s 

fo= 0.1392 Hz 

Second Moment ~"" 0.0128 m2/s 2 

Spectral Hidth Parameter e ~0.8430 
Peakedness Parameter ~ "" 2.9407 

JONSHAP Peak Enhancement 1 "" 2.2870 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.0583 
---- P.M. 0.1049 
-'-- JONSHAP 0.0528 

C;)4-~~~~~~~~~~~~~~~I_rt_ro_r~1 ~I~J~-~I~,~, ~~~~~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f [Hz] 
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SPECTRUM # 34 

STATION # 138 

28/ 7/80 - 5: 00 

Sjgnjfjcant h'ave Hejght lis'" 2.81 m 

Peak Perjod 

Peak Frequency 

Second Moment 

r;,,,, 7.2 s 

fo'" 0.1392 Hz 

~'" 0.0150 m2/s 2 

Spectral h'jdth Parameter e '" 0.8574 

Peakedness Parameter ~ '" 3.0139 

JONSh'AP Peak Enhancement 1 '" 3.087J 

Goodness 
Spec trum 0 f Fl t 

--- Observed 
- - Scott 0.0589 
---- P.M. 0.1278 
- "-- JONSh'AP 0. 0828 

~ -+.-...-~...,.....,...e;;....-(--"T "- I -- "1-'-" T "" .. "'--'" ""1 , - r-r--, r"-l--r-r-'-'--rT "'--r-r-l "",-"r- r,-" 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 

FREOUENCY f [Hz] 
0.50 
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SPECTRUM # 35 
STATION # 138 

28/ 7/80 - 8: 00 

, 
I 

~ ·1 I 

I 
hi 

'V 
rr-r-' 

0.05 0.10 
i I I I 

0.15 
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Slgniflcant Kaye Height Iis- 3.78 m 

Peak Period 

Peak Frequency 

r,,~ 1.8 S 

fOIZ 0.1318 Hz 

Second Noment ~'" 0.0223 m2/s 2 

Spectral Kldth Parameter C -0.8881 

Peakedness Parameter 

JONSKAP Peak Enhancement r "" 2.1125 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.0811 
---- P.M. 0.1828 
-.-- JONSIIAP 0.0808 

, I ' , I I I '''-'-'lur - ,- -r- -

0.20 0.25 0.30 0.35 0.40 0.45 

FREOUENCY f [Hz} 
0.50 
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SPECTRUM # 36 

STA TIDN # 138 

26/ 7/80 - 10:00 

Significant It'ave Height Hs ... 4.81 m 

Peak Period 

Peek Frequency 

r" ... 8.5 s 

'0'" 0.1172 Hz 

Second Noment ~ ... 0.0280 m2/s 2 

Spectre] Hidth Parameter & ... 0.8941 

Peeked ness Parame.ter 61'" 2.8485 

JONSIt'AP Peak Enhancement r "'2.8088 

Spectrum 

--- Observed 
-- Scott 
----, P.M. 
-. --.- JONSIt'AP 

Goodness 
of Fit 

0.1157 
(J.U27 
0.fi72 

(:) -t-... -.--,--/""'i"'''T''1' -r-TI---',-r-r -'1-r-.--.----rr,---,-,-::;;' ~I §;-";":T-~1?TI~-~-- 't"c!---,~...,...,...!"'"'I"""""""'''''''''T'""'1--'-''''-1''"''"I''''''''''.,...j 
0.00 0.05 0.10 O. 15 0.20 0.25 0.30 0.35 O. 40 O. 45 0.50 

FRE{}UENCY f [Hz} 
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SPECTRUM # 37 

STA TIDN # 138 

28/ 7/80 - 11: 00 

Significant Have Height lis = 5.24 m 

Peak Period Tp = 9.1 5 

Peak Frequency fo= 0.1099 Hz 

Second Noment ~= 0.0302 m2/s 2 

Spectral Hidth Parameter e '" 0.8833 

Peakedness Parameter q, '" 3.5801 

JONSHAP Peak Enhancement l' '" 2.9313 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.1089 
---- P.N. 0.1818 
-._- JONSHAP 0.0111. 

C) -I--r-T-,-....----i'""'F"'i"·-.---,-i·,-T-r-r--r-,---.-.-.. .:-, ::,~, ~,§,~' ;;-T~··-,~·iiFi~""",""~,,,,,",,"""'''''''-r''~''''-'-~''''''''''""T".,....,-l 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f [Hz] 
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SPECTRUM # 38 
STATION # 138 

?6/7/80 - 12: 00 

\ 

\ 

\ 

\ 
~\ \ /\ 

I ' J 

Sjgnif4cBnt J(ave Hejght Hs= 5.35 m 

Peak Perjod 

PeBk Frequency 

7;,'" 9.8 s 
fo"" 0.1025 Hz 

Second Noment ~= 0.0318 m2/s 2 

~ectral J(jdth PBrameter e =0.7181 

PeBkedness Parameter tlp = 3.5087 

JONSJ(AP Peak Enhancement r =4.0020 

Spectrum 

--- Observed 

Goodness 
of Fit 

- - Scott 0.1258 
---- P.N. 0.1781 
-._- JONSJ(AP 0.1018 

C) -+-r-r-'--~~T---r--'-T-r--'I"'---r-r--r-.-rT-I'~---~r-:=;T-?-'-~---:T~--rr- ·~T~---lF"'T'"T""~...,...o;-.,-""'-r-r-T-,-or-r-'--r-r--r--r-r-l 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f [Hz] 



! -r------------
~ SPEC TRUM # 39 

~ STA TION # 138 

~ j 26/ 7/80 - 13: 00 
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Slgnjflcant It'ave Helght Hs= 5.14 m 

Peak Period 

Peak Frequency 

7",,= 10.5 s 

fo= 0.0952 Hz 

Second Noment ~= 0.0289 m2/s 2 

Spectral It'ldth Parameter e = 0.7138 

Peakedness Parameter 0" = 3.2202 

JONSIt'AP Peak Enhancement 1 =2.8447 

Spectrum 

--- Observed 

Goodness 
of Fit 

- - Scott 0.1407 
---- P.M. 0.1891 
-0_- JONSIt'AP 0.1380 
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SPECTRUM # 40 
STATION # 138 

17/ 9/80 - 8: 28 

0.05 0.10 

- 97 -

Signi fi can t Wave Height 1Is= 2.01 m 

Peak Period Tp= 5.95 

Peak Frequency fo= 0.1685 Hz 

Second Moment ~= 0.0115 m2/s 2 

Spectral Width Parameter e = 0.6248 

Peakedness Parameter 4= 2.6448 

JONSWAP Peak Enhancement r =3.4604 

Spectrum 

--- Observed 

Goodness 
of Fit 

- , - Scott 0.1037 
---- P.M. 0.1089 
-._- JONSWAP 0.1022 

I I ry-.--r-1 I I I I "-T I I I I I r-r-'r--,--y-,--r 
0.20 0.25 0.30 0.35 0.40 0.45 

FREOUENCY f [Hz] 
0.50 
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SPECTRUM # 41 

STATIDN #138 

17/ 9/80 - 8:51 

0.05 0.15 

- 98 -

Signi ficant It'ave Height Hs= 2.12 m 

Peak Period 

Peak Frequency 

Second Moment 

T,,= 8.2 s 

to= 0.1811 Hz 

~= 0.0105 m2/s 2 

Spectral It'idth Parameter e = 0.8234 

Peakedness Parameter q, = 3.0030 

JONSIt'AP Peak Enhancement r = 2.5728 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.0817 
---- P.M. 0.1118 
- '-- JONSIt'AP 0.0878 

[O-,-r-r-,-r -"-'-rr ..... -Ti·T-.,,.· -r·,·, 
0.20 0.25 0.30 0.35 0.40 0.45 

FREOUENCY t [Hz] 
0.50 
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~ 
c:) ~----------------------------------------------------------------------~ 

J 

SPECTRUM # 42 
STATION # 138 

17/ 9/80 - 9: 11 

Signi fi can t Have Height lis = 2.11 m 

Peak Period r" = B.5 s 

Peak Frequency fo= 0.1538 Hz 

Second Moment 

Spectral Hidth Parameter 8 = 0.B287 

Peakedness Parameter Op = 2.8B22 

JONSHAP Peak Enhancement '1 = 2.3924 

Spectrum 

--- Observed 
- - Scott 
---- P.M. 
- ._- JONSHAP 

Goodness 
of Fit 

0.0941 
0. 1108 
0.0799 

~ L_~""'!"=T-r--r-'-T-l--r . ~-r.l-rr-'-.. I-r-r-r-r"""'T'-r-t '[".' TO T r-rT·- 1 T- r 
O. 00 O. 05 O. 10 O. 15 0.20 0.25 0.30 O. 35 O. 40 0.45 

FREOUENCY f [Hz} 

0.50 
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SPECTRUM # 43 
STATION # 138 
17/ 9/80 - 9:31 

Signl ficant It'ave Height lis'" 2.37 m 

Peak Period r" '" 8.8 s 

Peak Frequency fo'" 0.1485 Hz 

Second Moment ~'" 0.0121 m2/s 2 

Spectral It'idth Parameter e '" 0.8017 

Peakedness Parameter Op = 3.0971 

JONSIt'AP Peak Enhancement r =2.8773 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.0898 
---- P.M. 0.1198 
-._- JONSHAP 0.0774 

<::> -f--r--r-r-r-1""""I'''''T--r-f'Yr-r-r-r-I''--r-T-I''-'' T,·,--r....-r--J·...-r-, , I ,-r-'T-,-
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 

FREOUENCY f [Hz] 
0.50 



6J 
~ 
-J 

~ 
~ < 

, 
i -: 
~ 

! ... 
\()' 

~~ 
<:;)1 

~ 
"i 
i ... 

<:;) i .... I .-, 
<:;)1 

1 
1 

J 
1 1 

.J 1 
I 
1 

~ ~ 
.-1 

<:;) , 

1 
J 
! 
; 

SPECTRUM .# 44 
STA TION # 138 

17/ 9/80 - 9: 51 

<:;)~-
0.00 0.05 0.10 

~ 
1\ 

J 
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Significant h'ave Height lis = 2.88 m 

Peak Period 

Peak Frequency 

Second Moment 

7;,= 7.2 s 

fo= 0.1392 Hz 

~= 0.0145 me/s 2 

Spectral h'idth Parameter e = 0.5988 

Peakedness Parameter ~ = 2.8229 

JONSh'AP Peak Enhancement r =2.2430 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.0927 
---- P.M. 0.1003 
- .-- JONSh'AP 0.0987 

I I "-T--,-r-r--r--rTl-r-,--,-r-r-r-'--r-T 
0.15 0.20 0.25 0.30 0.35 0.40 0.45 

FREOUENCY f [Hz} 
0.50 
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SPECTRUM # 45 
STATION # 138 

17/ 9/80 - 10: 11 

0.05 0.10 
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0.15 

Significant h'ave He1ght Hs= 2.87 m 

Peak Per10d 

Peak Frequency 

J,,= 7.2 s 

fo= 0.1392 Hz 

Second Moment ~= 0.0141 m2/s 2 

Spectral h'1dth Parameter e = 0.8315 

Peakedness Parameter Op = 3.4824 

JONSh'AP Peak Enhancement '1 = 3.2852 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.0927 
---- P.M. 0.1582 
-.-- JONSh'AP 0.0877 
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SPECTRUM # 48 

STA TIDN # 138 

17/ 9/80 - 10:31 

Significant h'ave Height 1Is= 3.00 m 

Peak Period 

Peak Frequency 

r" "" 7.2 s 
fo= 0.1382 Hz 

Second Moment ~= 0.0188 m2/s 2 

Spectral h'idth Parameter e "" 0.8183 

peakedness Parameter q, '" 3.8130 

JONSh'AP Peak Enhancement r = 4.7010 

Spectrum 

--- Observed 

Goodness 
of Fit 

-- -- Scott 0.0884 
---- P.M. 0.1778 
-._- JONSh'AP 0.1004 

--~~~-r,-~~~~'~~~,r-rI~I-rI'-~1 ~I-I~~~~~~~I ~I~~I~I~~~~~~~~~~~ 
0.00 0.05 0.10 0.J5 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f 1Hz} 



- 104 -

~ 
~.-----------------------------------------------------------------~ 

SPECTRUM # 47 
STATION # 138 

17/ 9/80 - 10: 51 

0.00' 0.05 0.10 0.15 

Signi ficant Have Height Hs~ 3.08 m 

Peak Period 

Peak Frequency 

Tpzr 7.8 s 

fo= 0.1318 Hz 

Second Moment ~zr 0.0177 m2/s2 

Spectral Hidth Parameter & m 0.8399 

Peakedness Parameter ~= 3.3281 

JONSHAP Peak Enhancement r # 3.1425 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.0949 
---- P.M. 0.1472 
- ._- JONSHAP 0.1033 

0.20 0.25 0.30 0.35 0.40 0.45 

FREOUENCY f 1Hz] 

0.50 
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SPECTRUM # 48 
STATION # 138 

f7/9/80 - ff: ff 

\ 

\ 

\ 

~ \ 
// \ 

\ 
./ 

1 
\\ ~ , 

I 
I 

Sjgnjfjcant Have Hejght 1Is= 3.02 m 

Peak Perjod 

Peak Frequency 

7;= 7.2 S 

fOI: 0.1392 Hz 

Second Noment ~= 0.0165 m2/s 2 

Spectral Hjdth Parameter e = 0.6532 

Peakedness Parameter ~= 3.5770 

JONSHAP Peak Enhancement r = 5.2275 

Goodness 
Spectrum of Flt 

--- Observed 
- - Scott 0.1093 
---- P.N. 0.i728 
-._- JONSHAP 0.1225 

(;:)JL~~~-r~~~~-r.~i~l~i ~i~~I~I-'I'I'i~i:I::I~i~i~i~I~' ~~~~~~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f 1Hz) 



- 106 -

~ 
~~------------------------------------------------------------------~ 

SPECTRUM # 49 
STA TIDN # 138 

17/ 9/80 - 11: 30 

Slgnjflcsnt Have Helght Hs- 3.41 m 

Peak Perlod 

Peak Frequency 

Tp- 7.8 s 

fo- 0.1318 Hz 

Second Moment ~- 0.0190 m2/s 2 

Spectral HJdth Parameter 8 c 0.8847 

Peakedness Parameter q,- 3.9390 

JONSHAP Peak Enhancement r = 4.7358 

Spectrum 

--- Observed 

Goodness 
of FJt 

- - Scott 0.0951 
---- P.M. 0.1840 
-._- JONS;;AP 0.0847 

~ JL,,-r~~~~~ .. ~,,-r~~~~~~~~~,~~~~,-~~~~~~~~~~~~ 
0. 00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f [Hz] 
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SPECTRUM # 50 
STATION # 138 

17/ 9/80 - 12: 02 

Signi ficant Have Helght 1Is- 3.20 81 

Peak Per lod Tp #6 8.0 5 

Peak Frequency '0#6 0.1245 Hz 

Second Noment ~- 0.0178 81 2/5 2 

Spectral Hldth Parameter e #0.8889 

Peakedness Parameter ~ ... 3.2172 

JONSHAP Peak Enhancement r -3.8599 

SpectruAI 

--- Observed 
-- Scott 
---- P.N. 
-._- JONSHAP 

Goodness 
of Fit 

0.0894 
0.1510 
0.0913 

~~~~-~~I(~II-~I(~~~(~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f 1Hz} 
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SPECTRUM # 51 
STATION # 138 
17/ 9/80 - 12: 22 

I 
I 
I~ 
I \ 
f \ 

II 

Signlficant Have Height 1Is= 3.88 m 

Peak Period 

Peak Frequency 

T,,= 8.0 s 

fo= 0.1245 Hz 

Second Moment ~= 0.0215 m2/s2 

Spectral Hidth Parameter & =0.8879 

Peakedness Parameter ~= 3.8807 

JONSHAP Peak Enhancement r z:: 4.7798 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.1108 
---- P./tf. 0.1889 
_._- JONSHAP 0.0783 

(;:) -+-T"""T'-.--....-1'~~+_...---.._r__r_._r__._..-"IT 1 ' , ~, :, ::1:::' ~,~-~~~!!!iF"~~.,....,..... __ .,...., ....... ~ ........ _ ........ _l 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FRE()UENCY f 1Hz] 
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SPECTRUM # 52 
STA TION # 138 

J7/9/80 - J2: 42 

Signlficant Have Height lis = 3.82 m 

Peak Per lod Tp = 7.8 s 

Peak Frequency fo= 0.1318 Hz 

Second Moment ~= 0.0219 m2/s 2 

Spectral Hldth Parameter e = 0.8737 

Peakedness Parameter ~= 2.8757 

JONSHAP Peak Enhancement 'I = 2.5955 

Spectrum 

--- Observed 

Goodness 
of Flt 

~II) ~ 

~~ 
-- Scott 0.0808 

0.1077 
0.0702 

---- P.M. 
~ 

* 
- ._- JONSHAP 
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FREOUENCY f 1Hz] 
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SPECTRUM # 53 
STA TION # 138 

17/ 9/80 - 13: 02 

/1 \ 

"I \ 

Significant J(ave Height lis'" 3.87 m 

Peak Period 

Peak Frequency 

7;,'" 8.0 S 

fQ ", 0.1245 Hz 

Second Moment ~-= 0.0230 m2/s 2 

Spectral J(ldth Parameter C -=0.B822 

Peakedness Parameter l?,'" 2.9839 

JONSJ(AP Peak Enhancement r '" 2.7758 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.0787 
---- P.M. 0.1302 
-.-- JONSJ(AP 0.0740 

~ ~~~~~~~'-~~~~~.-rl"~'-;I~I~I~I~I~I~I~I~~~~~~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f [Hz] 
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SPECTRUM # 54 
STA TION # 138 
17/ 9/80 - 13: 22 

° \ 

I ° 

° \ I ° 
° \ 

I ~ \ 
I \ ° 
° \ \ I ° 

° \ 

I ° 

.I 

~ -+-...-.-.,.. .. '-;::.1 :;:, ~~ 
0.00 0.05 0.10 

Signi ficant It'ave Height Hs= 3.93 m 

Peak Period 

Peak Frequency 

Second Noment 

7;,= 8.0 s 

fo= 0.1245 Hz 

~= 0.0235 me/5 2 

Spectral It'idth Parameter e =0.8828 

Peakedness Parameter ~ = 3.4141 

JONSIt'AP Peak Enhancement r = 4.4285 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.1107 
---- P.N. 0.1893 
- 0_- JONSIt'AP 0.1118 

, 1 ,r 'I" '-'-1 ' , '0"-lT'-r0 

0.15 O.PO 0.P5 0.30 0.35 0.40 0.45 

FREOUENCY f [Hz1 
0.50 
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SPECTRUM # 55 
STA TION # 138 
17/ 9/80 - 13: 42 

\ 
\ 

r 

Signi ficant Have Height Hs~ 3. 73 m 

Peak Period 

Peak Frequency 

Second Moment 

Tp.,. 9.1 s 

'0'" 0.1099 Hz 

~~ 0.0198 m2/s 2 

Spectral Hidth Parameter e =0.7272 

Peakedness Parameter q, -= 3.0158 

JONSHAP Peak Enhancement r = 2.7095 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.0933 
---- P."'. 0.1332 
- ._- JONSHAP 0.1084 

~ ~~~~~~~-'I-r''-~''I-''~~'~I~':'~'~~I~'~'~'~'~I~i~~~~~~~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f 1Hz] 
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SPECTRUM # 58 
STATION # 138 

17/ 9/80 - 14: 02 

~ 
0' \ ! \ 

~ \ 

Signi ficant Kave Height lis'" 4.14 m 

Peak Per10d 

Peak Frequency 

Tp-= 8.5 s 

fo= 0.1172 Hz 

Second Moment ~= 0.0247 m2/s 2 

Spectral K1dth Parameter e -= 0.7051 

Peakedness Parame ter q, ." 2.8309 

JONSKAP Peak Enhancement 1 = 2.7070 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.0703 
---- P.M. 0.1208 
-0-- JONSKAP 0.0704 

(:;) --1-......--"T--.-~,e:;::::;z;f.-, I I I I I I I I I I I I I I I I I I I I 

0.00 0 . 05 0. 10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 

FREOUENCY f [Hz} 
0.50 
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0.00 

SPECTRUM # 57 
STA TION # 138 
17/ 9/80 - 14: 22 

0.05 
I I I 

0.15 

Signl ficant Have Height Hs~ 4.19 m 

Peak Period fpc 8.0 s 

Peak Frequency fD~ 0.1245 Hz 

Second Moment ~"" 0.0234 m2/s 2 

Spectral Hidth Parameter C zt 0.7177 

Peakedness Parameter ~ '" 3.1550 

JONSHAP Peak Enhancement r ." 3.0228 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.1508 
---- P.M. 0.1899 
-._- JONSHAP 0.1487 

I I I I I I I I I -r-r-r-r-r 
0.20 0.25 0.30 0.35 0.40 0.45 

FREOUENCY f [Hz] 
0.50 
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SPECTRUM # 58 
STA TION # 138 
17/ 9/80 - 14: 42 

Slgnjflcsnt Have Helght lis'" 3.68 m 

Peak Perlod 

Peak Frequency 

Tp '" 9.1 s 

fo'" 0.1099 Hz 

Second Moment ~'" 0.0204 m2/s 2 

Spectral Hidth Parameter e '" 0.7144 

Peakedness Parameter 4, "" 2.6212 

JONSHAP Peak Enhancement 1 = 1.9590 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.0725 
---- P.M. 0.1072 
-._- JONSHAP 0.0757 

~J-~-r~~~~.-rl~I-rTI'I"I~I-'''I~I:I~'~'~1~1 ~1~'~'1~--~~~~~~~~~~-r~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREGUENCY f [Hz] 
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<:) j SPEC TRUM # 59 

STA TIDN # 138 

~ 17/ 9/80 - 15: 07 
<:) 
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Slgnl flcant Kave Helght Hs"" 3.89 m 

Peak Perlod ,",,""9.15 

Peak Frequency fo'" 0.1099 Hz 

Second Moment ~= 0.0216 m2/s2 

Spectral Kldth Parameter e "" 0.7165 

Peakedness P.arameter Op'" 2.6378 

JONSKAP Peak Enhancement r '" 2.7053 

Goodness 
Spectrum of Flt 

--- Observed 
- - Scott 0.0567 
---- P.M. 0.1059 
-.-- JONSKAP 0.0728 

0.20 0.25 0.30 0.35 0.40 0.45 

FRE()UENCY f [Hz] 
0.50 
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SPECTRUM # 80 
STATION #138 

17/ 9/80 - 15: 27 

- 117 -

Significant Have Height 1Is-= 3.98 m 

Peak Period 

Peak Frequency 

Tp-= 8.5 s 
fo= O. if72 Hz 

Second Noment ~=- 0.0215 m2/s 2 

Spectral Hidth Parameter e -=0.7312 

Peakedness Parameter q, = 2.8810 

JONSHAP Peak Enhancement 1 =2.5910 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.0939 
---- P.N. 0.1278 
- --- JONSHAP 0.0953 

~ L.~,.::;:r:.{--,-,.--,---, 1 1 I 1 1 --,-, I ~, ~,;::;, ~'~I ~, ~,~, ~~~~"""""'.,...,.-r-.,...,~.,...,~-T-'~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f [Hz] 
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SPECTRUM # B1 
STA TION # 138 
17/ 9/80 - 15: 47 

I 
I 

h 

J 

Significant Have Height 1Is= 4.18 m 

Peak Period Tp= 9.1 s 

Peak Frequency fo'" 0.1099 Hz 

Second Noment ~~ 0.0237 m2/s 2 

Spectral Hidth Parameter e ~0.7281 
Peakedness Paralfteter Up = 3.0905 

JONSJ(AP Peak Enhancement r = 2.5254 

Goodness 
Spectrulft of Fit 

--- Observed 
-- Scott 
---- P.N. 
- ._- JONSHAP 

0.0951 
0.1458 
0.0858 

~~~~~~~~~~-r'~I~I~I~I~~I~I~I~I~I~;1~1~-r~~~~~~~~~~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 
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SPECTRUM # B2 
STA TIDN # 138 

17/ 9/80 - 1B: 07 

l~ 
! \ 
I \~ 
t \" , , 

Significant Have Height 1Is= 3.90 m 

Peak Period 

Peak Frequency 

T,,=9.1 s 

fo"" 0.1099 Hz 

Second Moment ~= 0.0208 m2/s 2 

Spectral Hidth Parameter e ~0.7390 
Peakedness Parameter ~ = 3.4177 

JONSHAP Peak Enhancement 1 = 3.5725 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.1058 
---- P.M. 0.1708 
- ._- JONSIt'AP 0.0825 

~~rT.-~~~.-rr,,-r"-'''~T~~~I~i~'~i~~~~~-r~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREGUENCY f [Hz] 
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SPECTRUM # 83 
STA TION # 138 
17/9/80 -l8:27 

Signjficant Have Height Hs~ 3.88 m 

Peak Period Tpzz9.f s 

Peak Frequency fDa: O. f099 Hz 

Second Noment ~-= 0.020f m2/5 2 

Spectral Hidth Parameter e -=0.7378 

Peakedness Parameter 4, a 2.8270 

JONSHAP Peak Enhancement r .. 2.4388 

SpectruAI 

--- Observed 

Boodness 
of Fit 

- - Scott 0.0819 
---- P.N. 0.ffB4 
-"-- JONSHAP 0.0458 

~~~-r~~7n"'-rT.-~-r",,~~-r~':'-~r~I~I~I~I~I~I~T~' ~~~~~-P~~~~~~~ 
0.00 0.05 O.fO 0.f5 0.20 0.25 0.30 0.35 0.40 0.45 0.50 
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SPECTRUM # 84 

STA TIDN # 138 
11/ 9/80 - 18: 41 

. \ 

IA \ 

II \ 
II \ 

~ r, 

Significant Have Height lis.:: 3.98 m 

Peak Period 

Peak Frequency fo"" 0.1099 Hz 

Second Moment ~D 0.0213 me/5 2 

Spectral Hidth Parameter & "" 0.72?4 

Peakedness Parameter ~ = 3.1931 

JONSHAP Peak Enhancement r "" 3.0987 

Spectrum 

--- Observed 
-- Scott 
---- P.M. 
- ._- JONSHAP 

Goodness 
of Fit 

0.1099 
0.1591 
0.0875 

~ -+-r-T--.-..,.....,r-I"'""r-r-rl '1-'-1 ,1-..1 '1-'1 ,I -"-1 -y-r I I I 1 I r 

~OO ~M ~W ~m ~m ~~ ~~ 0.35 0.40 0.45 

FREOUENCY f 1Hz} 
0.50 
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c)jSPECTRUM #65 

j STATION # 140 
~ 15/ 1/82 - 5: 00 
c) 

0.00 0.05 

- 122 -

Signi ficant Have Height 1Is- 2.4J m 

Peak Period 

Peak Frequency 

r;,- 9.8 s 

fo- 0.J025 Hz 

Second Noment ~- 0.0098 m2/s 2 

Spectral Hidth Parameter & -0.118J 

Peakedness Parameter ~ '" J. 899J 

JONSHAP Peak Enhancement r '" J. J09J 

Goodness 
SpectruAI of Fit 

--- Observed 
- - Scott (J.JJ18 
---- P.N. 0.0924 
-._- JONSHAP (J.0949 

I-'-""""Tr 1-

0.20 0.25 0.30 0.35 0.40 0.45 

FREGUENCY f [Hz) 
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SPECTRUM # BB 
STATION # 140 

15/ 1/82 - 8: 00 

SignificBnt J(Bve Height Hs- 2.85 m 

PeBk Period 

PeBk Frequency 

Tp .. 11.4 s 

fo= 0.0879 Hz 

Second Noment ~= 0.0182 m2/s 2 

Spectral J(idth PBrameter & .. 0.7428 

Peakedness Parameter ~= 1.8048 

JONSJ(AP Peak Enhancement r = 0.9539 

Spectrum 

--- Observed 

Goodness 
of Fit 

- - Scott 0.1298 
----" P.N. 0.1441 
- "-- JONSJ(AP 0. 1448 

~~~~"f-;~rTt~l-rt.t~.t~I-r.-.. ~~~~~~~~~~~C?~~~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FRE(}UENCY f [Hz] 
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~ 
c::) ~---------------------------------------

~~ 
I 

j 
~1 

SPECTRUM # B7 
STATION # 140 

15/ 1/82 - 11: 00 

SJgnHJcant Kave HeJght /fs6: 3.28 m 

Peak PerJod 

Peak Frequency 

7;6: 6.5 s 

fo~ 0.1538 Hz 

Second Noment ~'" 0.0194 m2/s 2 

Spectral KJdth Parameter C cO.8a68 

Peakedness Parameter ~~2.4596 

JONSKAP Peak Enhancement 1 ~ 2.8314 

Goodness 
Spectrum of FJt 

--- Observed 
- - Scott 0.1578 
----- P.N. 0.1488 
--._- JONSKAP 0.1473 

~ L . ...,.,-..-~=.-~--.-c;-,,-!,-...,.. .--r-.---r-r-.--r-. I I I 1.--r~T~-.-r~~-l~-~1 ~I~·~r-~T~~~""""''''''''''''''''''~ 
0.00 0.15 O.PO 0.P5 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f [Hz] 
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~ 
~.-------------------------------------------------------------------~ 

SPECTRUM # 68 
STA TION # 140 

15/ 1/82 - 14: 00 

Slgn1flcant Have Helght fist 4.41 m 

Peak Perlod r;, ... 8.5 s 

Peak Frequency '0'" 0.1172 Hz 

Second Noment ~'" 0.0259 m2/s 2 

Spectral Hldth Parameter & c 0.7301 

Peakedness Parameter q, '" 2. 82BO 

JONSHAP Peak Enhancement r "'2.7270 

Goodness 
Spectrum of Fl t 

--- Observed 
-- Scott 
---- P.N. 
-.-- JONSHAP 

0.0980 
0.1349 
0.0925 

~~~~T~I~i~ ~~~~i~l~i~i~~i-I'~-~~~~~~~~~~~~~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FRE(}UENCY f [Hz] 
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~ 
~.-------------------------------------------------------------------~ 

~ 
~ 

~ ~ ..... ' .-1 
<;:) 

<;:) ..... 
~ 

SPECTRUM # 89 

STA TION # 140 

15/ 1/82 - 17: 00 

~\ 
/ \ 
I, "-\ 

Signi ficant Have Height lis., 5.02 m 

Peak Period 

Peak Frequency 

Tp~ 9.85 

f06:: 0.1025 Hz 

Second Noment Hz." 0.0281 m2/s 2 

Spectral Hidth Parameter e ." 0.7580 

Peakedness Parameter ~ - 9.8087 

JONSHAP Peak Enhancement r .. 4.1590 

Spectrum 

--- Observed 
-- Scott 
---- P.N. 
- ._- JONSHAP 

Goodness 
of Fit 

0.1419 
0.2038 
0.0380 

. ~~~ 
<;:) -+-"T--r-r-...-1~""'r-'1--r-r-r-rr ... r, -r-r, 'I ~,~,-r~-~r-~I ~, ~, ~F1011!"'1"""~"'I'-'Ir"'T-r-,....,.-?'"T""'I'''''''''''T""'II''"''T''''''''',.....I 

0.00 0.05 ~W ~m ~M ~~ ~~ ~~ ~~ ~~ ~W 

FREOUENCY f 1Hz} 
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~ 
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SPECTRUM # 70 
STATION # 140 

15/ 1/82 - 20: 00 

Signi fi can t Have Height Its'" 5.42 m 

Peak Period TpI'Z 10.5 s 

Peak Frequency fq ", 0.0952 Hz 

Second Noment ~- 0.0304 m2/s 2 

Spectral Hidth Parameter e '" 0.7828 

Peakedness Parameter ~.,. 4.1808 

JONSHAP Peak Enhancement 1 '" 3.9854 

Goodness 
SpectrulII of Fit 

--- Observed 
-- Scott 
---- P.N. 
-.-- JONSHAP 

0.1889 
0.2330 
0.1028 

~~~~~~~~~-~~~i~l~i~,~·I~i~~~~~~~--~--~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FRE()UENCY f IHz1 
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~~----------------------------------------------------~ c:i 

SPECTRUM # 71 
STATION # 140 

15/ 1/82 - 23: 00 

Slgnl flcant Have Helght lis'" 8.07 m 

Peak Perlod 

Peak Frequency 

7;-= if.4 s 

fo'" 0.0879 Hz 

Second Moment Me'" 0.0337 m2/s 2 

Spectral Hldth Parameter e "'0.7787 

Peakedness Parameter 6b '" 2.9701 

JONSHAP Peak Enhancement r '" 2.4444 

Spectrum 

--- Observed 
-- -- Scott 
---- P.M. 
-._- JONSHAP 

Goodness 
of Fit 

0.1405 
0.1841 
0.1219 

:::'=;:::- ==-
~~r~,-~~ro-'f"T~I~I~I~I"~~~I~I~I~l~I~'-~r-~~~~~~~~~-r~~~~~~~ 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FRE{]UENCY f [Hz} 
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~ 
c) ~----------------------------------------------------------------------

~ 
c) 

~ j 
c)l 

j 

~1 
1 
i 

t::) 1 
"'!-i 
t::) J 

j 
I 

I 

~~ 
~ 
J 

SPECTRUM # 72 
STA TION # 140 

18/ 1/82 - 2: 00 

Slgnjflcant h'ave Helght Hs= 8.35 m 

Peak Period 

Peak Frequency 

!pc 12.4 s 

foc 0.0808 Hz 

Second Moment ~I:Z 0.0347 m2/s 2 

Spectral h'ldth Parameter & cO. 7849 

Pf!akedness Parameter ~ ... 1.9875 

JONSh'AP Peak Enhancement r c 1.1715 

Goodness 
Spectrum of Flt 

--- Observed 
- - Scott 0.0518 
---- P.M. 0. 0539 
-._- JONSh'AP 0.0473 

~ 1 I i 4-~~~~"~I~1 r.-r~~ITI;;·~I~I~ro~~-~~~~~~~~~-r~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f [Hz] 
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~ 
~~----------------------------------------------"--------------------~ 

0. 00 

SPECTRUM # 73 
STATION # 140 

18/ 1/82 - 5: 00 

Signlficant Have Height Hs ... 7.32 m 

Peak Period 

Peak Frequency 

Tp~ 10.5 5 

fo~ 0.0952 Hz 

Second Moment Mz~ 0.0481 m2/s 2 

Spectral Hidth Parameter e ~0.7752 
Peakedness Parameter ~'" 2.1554 

JONSHAP Peak Enhancement r - 1.7534 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.1393 
---- P.M. 0.1454 
- "-- JONSHAP 0.1453 

' -T(-"""-'-'T'- "...-TT"' 
0.15 0.20 0.25 0.30 0.35 0.40 0.45 

FREOUENCY f [Hz} 
0.50 



SPECTRUM # 74 
STATION # 140 
18/ 1/82 - 8: 00 

- 131 -

Signifioant Have Height lis ... 9.38 m 

Peak Period 

Peak Frequenoy 

Tp ... 15.2 s 

'0'" 0.0859 Hz 
Seoond Moment ~a 0.0551 m2/s 2 

Speotral Hidth Parameter & ... 0.8023 

Peakedness Parameter Gp ... 2.5188 

JONSHAP Peak Enhanoement r ... 2. 1858 

Speotrum 

--- Observed 

Goodness 
of Fit 

- - Soott 0.1407 
---- P.M. 0.1481 
-._- JONSHAP 0.0892 

~~~-r"lrr"'-'T'llrr''-~~I~-'-~'~~~l~-~~~~~~~~-r~~~~~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f [Hz] 
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0.00 

SPECTRUM # 75 
STA TION # 140 

18/ 1/82 - 11: 00 

f I 
0.10 

Signi ficant Have Height !Iso 10.38 m 

Peak Period 

Peak Frequency 

!pc 15.2 S 

'Dc 0.0859 Hz 

Second Moment ~o 0.0844 me/se 

Spectral Hidth ParB~ter e cO.8312 

Peakedness Para~ter ~o 2.3248 

JONSHAP Peak Enhancement r - 1.3754 

Spectrum 

--- Observed 
- - Scott 
---- P.M. 
-._- JONSHAP 

0.20 0.25 0.30 0.35 

FREOUENCY f [Hz] 

Goodness 
of Fit 

0.Jf25 
0.0881 
0.0720 

0.40 0.45 0.50 
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~ 
ci~------------------------------------------------------------------~ 

SPECTRUM # 78 
STA TION # 140 

16/ 1/82 - 14: 00 

0.00 0.05 

Signjficant Wave Height lis'" 8.94 m 

Peak Period 

Peak Frequency 

r,,- 13.7 s 

fo- 0.0732 Hz 

Second Moment ~- 0.0495 m2/s 2 

Spectral Width Para~ter e -0.8081 

Peakedness Parameter ~ '" 2.3121 

JONSWAP Peak Enhancement r -1.4057 

Spectrum 

--- Observed 

Goodness 
of Fit 

- - Scott 0.1281 
---- P.M. 0.1298 
-0_- JONSWAP 0.1213 

0.35 0.40 0.45 0.50 
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!\jll) ~ 

~ci 
~ 
!IIi; 

-;;:::. 
--...:. 
Cr) 

~ ~ ...... . 
~ ' <::I 

~ 
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~ 

~ 
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~ ci 
~ 
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~ ci 

j 
~ .., 
ci 

~ 

0.00 

SPECTRUM # 77 
STATION # 140 

18/ 1/82 - 17: 00 

·A 

0.05 0.10 0.15 

Signi ficant Ifave Height Hs.,. 10.78 m 

Peak Period Tp-= 12.4 s 

Peak Frequency fo'" 0.0808 Hz 

Second Moment ~.,. 0.0884 mYs2 

Spectral Kidth Parameter & ~0.7791 
Peakedness P{1rameter ~ "" 2. 773t 

JONSJ(AP Peak Enhancement r .,. 2.8397 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.1959 
---- P.N. 0.1847 
-._- JONSKAP 0.1080 

0.20 0.25 0.90 0.95 0.40 0.45 

FREOUENCY f 1Hz} 
0.50 
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~ 
ci.-------------------------------------------------------------------~ 

SPECTRUM # 78 
STATION # 140 
18/ 1/82 - 20: 00 

\ 

~ \ 

S1gnif1cant Have He1ght Hs'" 9.45 m 

Peak Per10d 

Peak Frequency 

7;,=13.7s 

foa 0.0732 Hz 

Second Noment ~'" 0.0572 m2/s 2 

Spectral H1dth Parameter & =0.8093 

Pftakedness Parameter tip = 2.9098 

JONSHAP Peak Enhancement r = 2.3253 

Spectrum 

--- Observed 

Goodness 
of Fit 

- - Scott 0.1589 
---- P.N. 0.1808 
-._- JONSHAP 0.1383 

~~ro_rrill-rili-rTill-riTlrr~~~i~i~l~r~~~-FT9~~~~~~~_r~~~~~~~ 
~~ ~M ~W ~m ~~ ~M ~~ 0.35 0.40 0.45 0.50 

FREGUENCY f [Hz1 
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<\all) ~ 

~e:) 
~ 
~ 

~ 
~ 

Ct) 

~ t\l f..-
e:), 

~ 
aJ 
C:) 

~ 

~ 
~ ~ 

4J e:) 

~ 
~ 
-..,J 

~ 
~ ~ 

~ e:) 

SPECTRUM # 79 
STA TIDN # 140 
14/ 2/82 - 17: 40 

Sign1ficant Have Height lis ... 5.1.0 m 

Peak Period Tp~ 9.85 

Peak Frequency fD~ 0.1.025 Hz 

Second Noment ~~ 0.091.7 m2/5 2 

Spectral Hidth Parameter e ... 0.7473 

Peakedness Parameter ~ Dr 2.5290 

JONSHAP Peak Enhancement 1 ... 2.2247 

Spectrum 

--- Observed 
-- Scott 
---- P~N. 
-.-- JONSHAP 

Goodness 
of Fit 

0.0841 
0.11.02 
0.0558 

iii i il'-Tl-r~~~~~~~~~~~~~~~~~~~~~ 
~M ~m ~M ~5 ~~ ~. ~~ ~~ ~~ 

FRE(}UENCY f [Hz} 
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~~--------------------------------------------------~ c:) 

SPECTRUM # 80 
STA TIDN # 140 
14/2/82 - 18:00 

Significant Have Height Hs--= 5.88 m 

Peak Period 

Peak Frequency 

r" ... 10.5 5 

foc 0.0952 Hz 

Second Noment ~ ... 0.0355 m2/5 2 

~ectral Hidth Parameter e ~0.7543 
Pflskedne5s Parameter 4, ~ 3.0905 

JONSHAP Peak Enhancement r ,'" 3.0423 

Goodness 
SpectruAI of Fit 

--- Observed 
-- Scott 
---- P.N. 
-._- JONSHAP 

0.JJ08 
0.J582 
0.0889 
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~ ~ I 

"- <:;) 
~ 
a:J 
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~ 
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SPECTRUM # 81 
STA TION # 140 

14/ 2/82 - 18.' 20 

1\ 

S1gnif1cent Heve He1ght 1Is- 5.88 m 

Peek Per10d 

Peek Frequepcy 

Tp- 10.5 5 

fo• 0.0952 Hz 
Second Moment ,,- 0.0417 m2/5 2 

Spectre1 H1dth Peremeter e -0.7178 

PeBkedness Peremeter ~ ... 2.2373 

JONSHAP Peek Enhencement r ... 1.3224 

Spectrum 

--- Observed 
-- Scott 
---- P.M. 
-._- JONSHAP 

Goodness 
of Fit 

0.0889 
0.0888 
0.0879 

~~'~~~~~I~'~'~~'~I-'~'~!'~I~T;-~'~'~'~I~,.-~~~~~~~~~-r~-r~~~~ 
0.00 0.05 ~M ~m ~m ~M ~~ 0.35 0.40 0.45 0.50 

FREOUENCY f [Hz} 
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11111) ~ 

~c:) 
~ 
:oj; 

~ --..;;. 
CI) 

~ ~ ...... c:) 
~ 
~ 
C5 
~ 

~ 
~ ~ 

I.(j c:) 
fi3 
~ ......, 

~ 
~ ~ 

~ c:) 

0.00 

SPECTRUM # 82 
STATION # 140 

14/2/82 - 18: 40 

0.05 0.10 0.15 

Signi ficant Have Height lis.,. B.02 m 

Peak Period 

Peek Frequency 

r"., 10.5 s 

fo" 0.0952 Hz 

Second Moment ~.,. 0.0404 m2/s 2 

Spectral Hidth Param8ter & "'0.7419 

Pe.akedness Parameter q, '" 2.9987 

JONSHAP Peek Enhancement r ., 8.8181 

Spectrum 

--- Observed 
-- Scott 
- --- P.M. 
- ._- JONSHAP 

0.20 0.25 0.90 0.95 

FRE{]UENCY f [Hz] 

Goodness 
of Fit 

0.1175 
0.1854 
0.0789 

0.40 0.45 0.50 



~ 
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~----------------------------------------------------------------~ 

0.00 

SPECTRUM # 83 
STATION # 140 

14/ 2/82 - 19: 00 

Slgnl fl can t Have Helght !Is- 8. 00 m 

Peak Perlod 

Peak Frequency 

Tp." ii.4 s 

fo- 0.0879 Hz 

Second NolfltJnt ~." O. 0981 m2/s 2 

Spectral Hldth ParalfltJter C ." 0.7987 

Peakedness PiJralfltJter . ~ ." 2.8791 

JONSHAP Peak EnhsncelfltJnt 1 .., 1.8855 

Spectrum 

--- Observed 
-- Scott 
---- P.M. 
-._- JONSHAP 

Goodness 
of Fit 

0.1338 
0.1394 
0.J348 

I I I I .1 I I I I I i I I I I' 
0.05 ~M ~m ~M ~M ~~ 0.35 0.40 0.45 

FREOUENCY f /Hz1 
0.50 
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SPECTRUM # 84 
STATION # 140 
14/2/82 - 19:20 

h 
/ ' 
/ 

n 

Slgniflcant Have Helght 1Is- 6.49 61 

Peek Perlod 

Peek Frequency 

Tp- 10.5 5 

fo• 0.0952 Hz 

Second Moment ~a 0.0437 61 2/5 2 

Spectral Hldth Parameter & -0.7360 

/tJakedness Parameter ~- 2.6810 

JONSHAP Peak Enhancement r '" 1.8811 

Goodness 
Spectrum of Flt 

--- Observed 
- - Scott 0.0874 
---- P.N. 0.1128 
-._- JONSHAP 0.0774 

- ro-. .. ~~~'~~~~~~~~~~~~~~~~-r~-r~~ <::) -+--r-r-r--r-i'"+--r-r-'-r-r-1 'I I ' , ,-, I ' , ,-
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREGUENCY f [Hz} 
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~ 
~~~---c~-~r-~-7i-TI-II~--~#-8.-~--------------o----------------------~ 

~ .:7rCIJ nU/~ ;J Sign1ficBnt HBve Height Hs- 8.79 m 

"1 STA TION # 140 PeBk Period 7;,- 10.5 s 

~ l J4/2/82 - J9: 40 PeBk Frequency fo- 0.0952 Hz 

~ 1 Second NOlflfJnt ~- 0.0474 m2/s 2 

SpectrB] Hidth PBrBlflfJter & -0.7277 

PeBkedness PBrBlflfJter 4, .. 2.8978 

~ 
~ 

j JONSHAP PeBk EnhBncelflfJnt 1 .. 2.0992 

, 

~~ 

Goodness 
Spectrum of Fit 

--- Observed 
-- Scott 
---- P.N. 
-0_- JONSHAP 

0.0954 
0.1228 
0.0894 

----="to. 
~~~~~~~~~-r~o'-I ~1~1~~I~I~~;--~I~'~I_~~loo~~~~~~~~~rT~~~~~ 

0.00 0.05 0.10 0.15 0.20 0.25 0.90 0.95 0.40 0.45 0.50 

FREOUENCY f 1Hz] 
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~.-------------------------------------------------------------------, 

SPECTRUM # 88 
STATION # 140 
14/2/82 - 20:00 

Significant J(ave Height lis .. 7.14 m 

Peak Period 

Peak Frequency 

r;, .. 9.8 s 

fo· 0.1025 Hz 

Second }loment ~ .. 0.049J m2/s 2 

Spectral J(idth Parameter C -0.7200 

Peakedness Parameter f?, '" 9.5950 

JONSJ(AP Peak Enhancement 1 .. 9.7388 

Goodness 
Spectrum of Fit 

--- Observed 
-- Scott 
---- P.}I. 
-._- JONSJ(AP 

0.J709 
0.2079 
0.J525 

~~~~~~~~~~~~~~~~~T'~~~~~~~~~~~~~~ 
0.00 0.05 0.10 0.J5 0.20 0.25 0.90 0.95 0.40 0.45 0.50 

FREGUENCY f [Hz1 
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~ 
~~--------------------------------------------------------------~ 

SPECTRUM # 87 

1 STATION # 140 
~ 14/2/82 - 20:20 
~ 

"'tt) ~ 
~~ 
~ 
~ 
-;;::. 
'-.:. 
CJ) 

~ ~ ...... 
~ ~ 
a5 c:s 
~ 

o ~ 
~ ~ 
I.ij ~ 

.... 

J 
J 

~I 
""!1 

:j 

Slgn1ficant Ifave Height 1Is- 7.73 m 

Peak Period 

Peak Frequency 

r,,- 9.85 

fo" 0.1025 Hz 

Second Moment ~- 0.0503 m2/5 2 

Spectral Ifidth Parameter G - 0.7421 

Peakedness Parameter £1, - 3.6334 

JONSlfAP Peak Enhancement r -3.3584 

SpectrulII 

--- Observed 
-- Scott 
----- P.N. 
-0_- JONSlfAP 

Goodness 
of Fit 

0.1949 
0.2208 
0.1889 

~~~.-~~rr~-r~o-'~~~'~I~'~'~'~' ~~~~~~~~~~~~~~~~~ 
0.00 0.05 0.10 0.20 0.25 0.30 0.95 0.40 0.45 0.50 

FREOUENCY f [Hz] 



SPECTRUM # 88 
STATION #140 

J 4/ 2/82 - 20: 40 

- 145 -

Slgniflcant Haye Helght lis.,. 7.54 m 

Peak Perlod 

Peak Frequency 

1",,= 10.5 5 

fo'" 0.0952 Hz 

Second Noment ~= 0.0483 m2/s 2 

Spectral Hldth Parameter e c 0.7489 

Peakedness Parameter 4," 3.1348 

JONSHAP Peak Enhancement r = 2.3818 

Goodness 
Spectru/lt of Fit 

--- Obseryed 
- - Scott 0.1480 
---- P.N. 0.1720 
- --- JONSHAP 0.1257 

I 
! 
i 
I 
I 
I 
I 
I 

I 

~ L~""'--'----r--r-.-r-T-r-TI--r -1'l¥-r:;::,~--r~-~r"'~~"FiiWf"'"'i'"-""'-'-'T"'"T...,....,....,~-r-..--r-r-"I"'""'I'-r"-r-l 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FRE(}UENCY f /Hz] 
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~ 
~-r----------------------------------------------------------------~ 

SPECTRUM #89 
STATION # 140 
14/2/82 - 21:00 

SignHicant Have Height /lsl'r 9.52 m 

Peak Period 

Peak Frequency 

7;,12 tf.4 5 

'0'" 0.0879 Hz 

Second NOlflf1nt ~'" 0.0649 m2/s 2 

Spectral Hidth PBralflf1ter & 12 0.7309 

Peakedness PBralflf1ter ~ ... 4.3067 

JONSHAP Peak Enhancement r '" 4.7073 

Goodness 
Spectrum of Fit 

--- Observed 
-- Scott 
---- P.N. 
-._- JONSHAP 

0.2045 
0.2457 
0.0925 

~-'";::::::-- -
~ -+-...-.-...,.....,~O"'-',-r-rl·-,Ir-r-I -r-r1....,Ir--r-r-r.-~T-:;f'~-r~-r~;;;o;o;;.,;;;;~~...".a;~~I""'T"..,-I""'T"-r-,...,.......-,....-r..,-T"'-r-,-l 

0.00 0.05 O.JO 0.15 0.20 0.25 0.90 0.95 0.40 0.45 0.50 

FREOUENCY , 1Hz] 



- 147 -

~~----------------------------------------------------~ c:i 

"'." ~ 

~ .; j ~ 
~ 

~ ~ 
~ 

~j ..... 
~ 
~ 
t.:5 J 
~ 

~ fij ~ 
l(j c:i 

~ 
~ 
"" ~ 
~1 ~ :c:: 

~ 
; 

J 
<:;)1 
~, . ...., 
<:;)1 

I 

1 ., 
1 
I 

~~ 

SPECTRUM # 90 
STATION # 140 

14/ 2/82 - 21:20 

I 

1 } 
il,) 

Slgnl flcBnt JtlBve Helght fisc 9.25 m 

PeBk Perlod 

PeBk Frequency 

Tp.,.11.45 

foe 0.0879 Hz 

Second No/llent ~.,. 0.0849 m2/5 2 

SpectrBJ Ifldth PBrBmeter C - 0.7829 

PeBkedne5s PBrBmeter ~c 3.2225 

JONSIfAP PeBk EnhBncement r c 2.5172 

Spectrum 

--- Observed 
-- Scott 
---- P.N. 
-.-- JONSJtlAP 

Goodness 
of Flt 

0.1483 
0.1735 
0.1031 

<:;)~~~~~~-~r~l~r~~r-rl~r~;ro~l~r~.-~~~~~~~~~~~~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f [Hz] 
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~--------------------------------------------------~ c::) 

~ 
c::) 

~ 
c::) 

SPECTRUM # 91 
STA TION # 140 
14/2/82 - 21:40 

SignificBnt HBve Height fIs .. 9.84 m 

PeBk Period 7;,- 12.45 

PeBk Frequency f(J1'< 0.0806 Hz 

Second Nol/ltJnt ~- 0.0649 m2/s 2 

SpectrBJ Hidth PBrB#ltJter C .,. 0.7653 

PeBkedness PBrB#ltJter ~ .. 9.4415 

JONSHAP PeBk EnhBncellttJnt r .. 9.2950 

Goodness 
SpectrulII of Fit 

--- Observed 
-- Scott 
---- P.N. 
-._- JONSHAP 

0.J8J5 
0.J848 
0.0572 

~~"Tf~ITII--lrrtlt~-"~~~~~~~~~~~~~~~~~~~rT~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.90 0.95 0.40 0.45 0.50 

FREOUENCY f [Hz] 
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~ 
~.-----------------------------------------------------------------~ 

0.00 

SPECTRUM # 9E 
STATION # 140 

14/2/82 - 22:00 

0.05 

Significsnt J(sve Height 1Is- 10.50 m 

Pesk Period 

Pesk Frequency 

1",,-13.7 s 

fo: 0.0732 Hz 

Second Noment ~ ... 0.0712 m2/s 2 

~ectrsl J(idth Psrsmeter G -0.7723 

Peskedness Psrsmeter ~~ 2.3533 

JONSJ(AP Pesk Enhsncement r ... 1.1850 

Goodness 
~ectrum of Fit 

--- Observed 
- - Scott 0.1019 
---- P.N. 0.0795 
-.-- JONSJ(AP 0.0780 

0.20 0.25 0.30 0.35 0.40 0.45 
FREOUENCY f [Hz] 

0.50 
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~~----------------------------------------------------~ c:) 

SPECTRUM # 94 
STATION # 140 

~~ 14/2/82 - 23: 13 
C) 

0.00 0.05 

Slgn1ficsnt Hsve Height 14- 12.78 m 

PeBk Period r,,- 15.2 5 

Pesk Frequency fo" 0.0859 Hz 

Second NolltfJnt ~# 0.0769 m2/s 2 

Spectrsl Hidth PBrslltfJter C .. 0.8170 

Peskedness PsrslltfJter ~"2.8196 

JONSHAP Pesk EnhsncelltfJnt '1 .. 2.1448 

Goodness 
Spectrum of Fit 

--- Observed 
-- -- Scott 
---- P.N. 
-._- JONSHAP 

0.20 0.25 0.30 0.35 

FREOUENCY f 1Hz] 

0.1808 
0.1494 
0.0842 

0.40 0.45 0.50 
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~ .; l SPEC-TRUM # 95 

STATION # 140 

~ ~ 14/ 2/82 - 23: 33 

- 151 -

SJgnjfJcant Have HeJght Hs"'U.5f m 

Peak PerJod 

Peak Frequency 

Tp,.. f2.4 s 

'0· 0.0808 Hz 

Second Noment He,.. 0.07f7 m2/s 2 

Spectral HJdth Parameter & -0.77~ 
Peakedness Parameter ~". 2.2839 

JONSHAP Peak Enhancement r - f. 5238 

Goodness 
Spectrum of FJt 

--- Observed 
- - Scott 0.1.851. 
---- P.N. 0.1.808 
-.-- JONSHAP 0.1.788 

0.35 0.40 0.45 0.50 
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~~--------------------------------------------------~ c::) 

0.00 

SPECTRUM # 98 
STATION # 140 
14/ 2/82 - 23:53 

o \ 

t\ 
~I 0 

0.05 

SignificBnt HBve Height 1Is- ff.97 m 

PeBk Period 

Peak Frequency 

1",,# 15.2 s 

fo'" 0.0659 Hz 

Second Nolltent Nrt- 0.0748 m2/s 2 

SpectrBl Hidth PBrB/lleter C -0.7977 

PeBkedness PBrBllteter ~- 2.6640 

JONSHAP PeBk EnhBnce/ll8nt r - 1.8279 

Spectrulfl 

--- Observed 
-- Scott 
---- P.N. 
-0-- JONSHAP 

Goodness 
of Fit 

0.1883 
0.1527 
O.Uff 



• 

0.00 

SPECTRUM # 97 
STA TION # 140 

15/ 2/82 - 0: 13 

0.05 0.10 0.15 

- 153 -

Significsnt Hsve Height lis .. fO.80 m 

Pesk Period 

PeBk Frequency 

Tpl<: f5.2 5 

'0'" 0.0859 Hz 

Second NoJfttJnt ~- 0.0847 m2/s 2 

Spectrsl Hidth PsrsJfttJter & .. 0.7908 

PeBkedness PsrsJfttJter ~ "" 2.3381 

JONSHAP Pesk EnhsnceJfttJnt r .,. f.3982 

Goodness 
-'Sp:.-e_c_tr_u._'111_----=-o f Fi t 

--- Observed 
-- Scott 
---- P.N. 
- .-- JONSHAP 

0.20 0.25 0.30 0.35 

FREGUENCY f [Hz} 

0.1084 
0.0858 
0.0711 

0.40 0.45 0.50 
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~ 
c:) ~-----------------------------------------------------------------------

"'It) ~ 
~c:) 
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* ~ 1 .......:. 

~J 
t/') 

~ 
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Cj 

~ 

~ 
~ ~ 

l(j c:) 

63 
~ 
-.J 

~ I{) 1 gs 
~j <: 

j 
...., 
c:) 

SPECTRUM # 98 
STA TIDN # 140 

15/ 2/82 - 0:33 

Slgnl flcant Have Helght 1Is= 10.70 m 

Peak Perlod 

Peak Frequency 

7;,= 15.2 s 

fo= 0.0859 Hz 

Second Moment #2= 0.0840 m2/s 2 

Spectral Hldth Parameter e =: 0.8228 

Peakedness Parameter ~= 2.5021 

JONSHAP Peak Enhancement r = 1.8555 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.1342 
---- P.M. 0.1215 
-._- JONSHAP 0.0951 

~ ~~'-"-'~-''''-~~~~--~~I~~-~~~~~~~~~~~~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f [Hz] 
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-r-----------------------------------------------------------------------, 

0.00 

SPECTRUM # 99 

STA TIDN # 140 

15/ 2/82 - 0:53 

0.05 0.10 0.15 

Sjgnifjcant Have Hejght: Hs= if. 18 m 

Peak Perjod 

Peak Frequency 

7;,= 17.1 s 

fo= 0.0586 Hz 

Second Moment ~= 0.0882 m2/s 2 

Spectral Hjdth Parameter 8 = 0.7949 

Peakedness Parameter ~= 2.3170 

JONSHAP Peak Enhancement 1 = 1.1732 

Spectrum 

--- Observed 

Goodness 
of Flt 

- - Scott: 0.1520 
---- P.M. 0.1488 
-._- JONSHAP 0.1491 

0.20 0.25 0.30 0.35 0.40 

FREOUENCY f [Hz] 

0.45 0.50 
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~ 
~-r-----------------------------------------------------------------------' 

!\ttl) ~ 

~~ 
~ 
~ 

~ 
'-.:. 
Cr) 

~ ~ h.. 
~ 

~ - , ;:: 

~ 
~ 

~ 
~ !:(j 

CD ~ 

fiJ 
~ 
-....J 

~ Ie) 
~ ~ 
~ ~ 

SPECTRUM # 100 
STATION # 140 

15/2/82 - 1:19 

Sjgnjfjcant It'ave Hejght Hs= 9.89 m 

Peak Period 

Peak Frequency 

7",,= 18.7 s 

fo= 0.0782 Hz 

Second Moment ~= 0.OB17 m2/s 2 

Spectral It'jdth Parameter e := 0.7798 

Peakedness Parameter tlp = 2.3824 

JONSIt'AP Peak Enhancement r = 1.3135 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.1088 
---- P.M. 0.0978 
- .-- JONSIt'AP 0.0928 

<::) -t-r-r-.--r-T-.--r-r--,-I'.-r----r-r--T;:-~_,_~r~1 ~I~--~~T-ir-r--r-or-t...,....,......,.~~r_T"_,__r_!_r..,....._r_T....,....,.....r_T'~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.80 0.85 0.40 0.45 0.50 

FREOUENCY f [Hz} 
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~ 
~-r----------------------------------------------------------------------~ 

SPECTRUM # 101 

STA TION # 201 

~ 29/ 8/80 - 15: 00 
~ 

Signi fi can t Have Height Hs= 0.80 m 

Peak Period Tp= 3.8 s 

Peak Frequency fo= 0.2837 Hz 

Second Moment 112 = 0.0020 m2/s 2 

I Spectral Hidth Parameter e = 0.5275 

Peakedness Parameter ~= 2.0151 

JONSHAP Peak Enhancement T = 1.9489 

Spectrum 

--- Observed 
-- Scott 
---- P.M. 
---- JONSHAP 

Goodness 
of Fit 

0.2194 
0.0977 
0.1182 

'\ , \ , \ 
, 1 
, 1 

, 1 
, 1 

, 1 , \ 
, 1 
, 1 , \ 

'~\ \ I . 
1/ \ \ 

. \ 
l/ ~\\ 
·1 ,,~ 

'. .\", 
/1/ .~''''' 1/. I '\\'" 

// I 
<// I 

,-,--r-r-T''''''r-T'-'-'''''''~;''-'1-r'1 '4'~"l--r, ......... , ':"',-,...-, ""'I~' ...,..,-,r-'-T,--,--,-r-I--r-r-r-·, ..... 1-,--.'-,--' -. 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 

FREOUENCY f [Hz} 
0.50 
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~ 
~~--------------------------------------------------------------------~ 

SPECTRUM # 102 
STA TIDN # 201 

29/ 8/80 - t 8: 00 

Significant Wave Height Hs= 1.25 m 

Peak Period 

Peak Frequency 

Tp-=4.7s 

fo= 0.2124 Hz 

Second Moment #2= 0.0088 m2/s 2 

Spectral Width Parameter & =0.4984 

Peakedness Parameter ~ ~ 2. 7947 

JONSWAP Peak Enhancement 'I "" 2.3849 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.1198 
---- P.M. 0.0713 
- ._- JONSIt'AP 0.0830 

C) -l-"-"'---r--r-~_'P""'!"""'''''''''''''''~~....,L,----r, ""'1---'-' -r,-"r--r, 1',-, , 1 ' r-'I .. -r-r"-r-r--"-'~ 
0.00 0.05 0.10 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREGUENCY f [Hz} 
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~ 
ci.---------------------------------------------------------------------~ 

~~ 
"'ci 
~ 
loll: 
~ 
"'-.:. 
Cr) 

~ ~ ...... ci tJi 
a:J c:s 
~ I 

~ ~~ ~ 
l.(j 

fi3 
~ ~ 
-.J 

~ 10 gs ~ 
~ ci 

SPECTRUM # 103 
STATION # 201 

29/ 8/80 - 21: 00 

~ 
1\ 
I \ 
/. 

~ 

Significant Have Height 1Is-= 1.84 m 

Peak Period 

Peak Frequency 

Tp-= 5.95 

fo-= 0.1885 Hz 

Second Moment ~= 0.0089 m2/s 2 

Spectral Hidth Parameter e -=0.5988 

Pe{1kedness Parameter ~-= E.7358 

JONSHAP Peak Enhancement r -= 2.8035 

Goodness 
Spectrum of Fit 

--- Observed 
- - Scott 0.0928 
---- P.M. 0.1052 
-.-- JONSHAP 0.0832 

~~~-r~~~~~~~~~·rl_rTII""'T"I"I'I-lr'I'I-rI."1-r1'1~1~1~1~-.~,~1 ~,~,~~ 
0.00 0.05 0.10 0.15 O.EO 0.E5 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f [Hz] 



- 160 -

~ 
ci~--------------------------------------------------------------------~ 

SPECTRUM # 104 
STA TIDN # 201 

30/ 8/80 - 0: 00 

. \ I . 
. \ 

1\ . 
I . 
. \ 
/' \ 

S1gn1 f1cant Have He1ght fIs"" 2. Bl m 

Peak Per10d 

Peak Frequency 

Tp-= 7.2 s 

fo~ 0.1392 Hz 

Second Moment ~= 0.0141 m2/s 2 

Spectral H1dth Parameter e DO.B734 

Peakedness Parameter ~ "" 2.9233 

JONSHAP Peak Enhancement r "" 3.7332 

Spectrum 

--- Observed 

Goodness 
of Fit 

- - Scott 0.OB03 
---- P.M. 0.1172 
-._- JONSHAP 0.0852 

--
c::, -I-..-r-'-~""""""'-:::~"", I I I I I T~r""-T'--r-Tl--I-T-'--' -~-"'II 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 

FREOUENCY f [Hz] 
0.50 
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~ 
~-r------------------------------------------------------------------~ 

SPECTRUM # 105 
STA TION # 201 

30/ 8/80 - 3: 00 

Slgniflcant Have Helght Hs· 2.95 m 

Peak Perlod 

Peak Frequency 

Tp.,. 8.0 s 

fo~ 0.1245 Hz 

Second Moment ~"" 0.0154 m2/s 2 

Spectral Hldth Parameter & -0.8841 

Peakedness Parameter ~ "" 2.4150 

JONSHAP Peak Enhancement r "" 1.4375 

Spectrum 

--- Observed 
-- Scott 
---- P.M. 
-._- JONSHAP 

Goodness 
of Fit 

0.0839 
0.0871 
0.0822 

<:::l -+-'T""""'T-r-~"""""'~-r-T""T-""'--r-T-r-"-'-., I I I I r--ro--r.,.~· "~-r-l" 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 

FREGUENCY f 1Hz} 
0.50 
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~ 
~-r--------------------------------------------------------------------~ 

SPECTRUM # lOB 
STATION #201 

30/8/80 - 6:00 

Slgn1flcBnt Have Helght Hs- 2.88 m 

Peak Perlod 

Peak Frequency 

Tp- 9.1 S 

f(1- 0.1099 Hz 

Second Noment He"" 0.0126 mll/s2 

Spectral Hldth Parameter & -0.7075 

Peakedness Parameter ~ ... 2.1929 

JONSHAP Peak Enhancement T ... 1.4830 

Goodness 
Spectrum of Flt 

--- Observed 
- - Scott 0.0980 
---- P.N. 0.0915 
-._- JONSHAP 0.0924 

~~"-r~~~~-;I"I,I-r'I'I,,I,I-rT>I"I~I~' ~'~I~'~'~'-'-~I'~-~,~-~~~~~~~~~~-r~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FRE{}UENCY f 1Hz} 
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~ 
<:) 

SPECTRUM # 107 
STATION #202 

~ 29/ 8/80 - 12: 00 
<:) 

Slgnl flcant Have Helght Hs- 0.58 m 

Peak Perlod Tp ... 3.75 

~ 
Peak Frequency fo~ 0.2710 Hz I 
Second Noment H2 - 0.0019 m2/s 2 ~ <:) 

Spectral Hldth Parameter e '" 0.4881 
1\ Peakedness Parameter Op" 2.2013 

I \ JONSHAP Peak Enhancement r .. 1.7951 
C\jll) ~ I \ ~<:) 
~ 

Goodness I \ )Ir; 

~ Spectrum of Flt I \ ~ 

tI') Observed 

::.... ~~ 
-- Scott 0.1788 I \ 

. '- ---- P.N. 0.0771 \ ~ I -._- JONSHAP 0.0793 
a3 

I \ c::s 
::.... 

I \ ~ 
~ ~ I \ l.Q <:) 

53 / \ 
~ 

/ \ -.I 

~ 
~ 

I() r \ ""t 
~ <:) 

/ \ 
/. \ \ 

(:) V ~ ""t 
<:) 

A 

(:)~"-''-~~~~~~~~~rT-r''~'-I''-rr·~I~~~III'''''T~~~~~~~ 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FRE{)UENCY f [Hz] 
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~-r--------------------------------------------------------------------~ 

;;~ 
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:oj,; 
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aJ 
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~ 
-.I 

~ 
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SPECTRUM # 108 
STA TION # BOB 
29/ 8/80 - 15: 00 

Slgn1flcent Heve Helght lis'" 0.94 m 

Peek Perlod 

Peek Frequency 

TpR 4.4 S 

fol:< 0.2270 Hz 

Second Noment ~.,. 0.0039 m2/s2 

Spectre] Hldth Peremeter e cO.5202 

Peeked ness Peremeter ~.,. 2.8328 

JONSHAP Peek Enhencement r .,. 2.7731 

Goodness 
Spectrum of Flt 

--- Observed 
-- Scott 
---- P.N. 
-.-- JONSHAP 

0.1474 
0.0909 
0.0857 

~~"~~~~~~~~~~~~'I-'I'I-'rTl'I-'I-.,-r, "'1-0,.-", 1 ' , '-.,-r~I~~I~lr-r~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREOUENCY f 1Hz] 



• 

• 

- 165 -

~ 
ci.-----------------------------------------------------------------~ 

SPECTRUM # 109 
STA TION # 202 

29/ 8/80 - 18: 00 

Slgnl flcsnt Hsvs Helght Hs· 1.40 m 

Pesk Perlod 

Pesk Frequency 

r,,- 5.7 5 

f o• 0.1758 Hz 

Second Noment M2 - 0.0070 m2/s 2 

Spectrsl Hldth Psrs~ter e -0.5511 

Peakedness Parameter ~ .. 2.7403 

JONSHAP Peak Enhance~nt r -2.7058 

6o0dness 
SpectrulII of Flt 

--- Observed 
-- Scott 
____ 0 P.N. 

-._- JONSHAP 

0.1078 
0.0991 
0.0985 

~~~II~~~~~~~~~~._rl~I~II~~T~~~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

FREGUENCY f [Hz] 
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~ 
ci~--------------------------------------------------------------------~ 

~~ "-ci 
~ 
~ 

~ 
~ 

Cr') 

~ ~ ...... ci 
~ 
aJ 
r:::s 
~ 

~ 
~ ~ l.ij ci 

fa 
t:1 
-.J 

~ Ie) 2S ~ 
~ ci 

SPECTRUM # 110 
STA TIDN # 202 

29/8/80 - 21:00 

S1gnif1cant Have He1ght 1Is- 2.89 m 

Peak Per10d 

Peak Frequency 

7;,- 7.2 s 
fo- 0.1892 Hz 

. Second Noment ~- 0.0189 m2/s 2 

Spectral H1dth Parameter C -0.8455 

Peakedness Parameter ~&" 2.5985 

JONSHAP Peak Enhancement r -2.5559 

Spectrum 

--- Observed 
-- Scott 
---- P.N. 
-._- JONSHAP 

Goodness 
of F1t 

0.0788 
0.1042 
0.0052 

I I I i I I I I I I I .....-ro-y-r.,-r-r
~M ~M ~~ ~M ~~ 

FREOUENCY f [Hz} 
0.45 0.50 

• 
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~ 
c::) 

SPECTRUM /111 S1gn1 f1cent lIeve He1ght Hs-a.28 ", 

STATION /202 Peek PerJod 7",,-8.05 

~ 30/ 8/80 - 0:00 PeBk Frequency fo- 0.1245 Hz 

c::) Second NOlflfJnt ~." 0.0180 ",2/52 

Spectre1 111dth PilrelflfJter & - 0.7083 

Peeked ness PerelflfJter 0,- 2.8925 

~ 
JONSIIAP PeBk EnhsncfJlflfJnt 1 - 2.0834 .. 

c::) 

Goodness 
Spectrum of F1t 

Observed 

~~ -- Scott 0.0908 
"-c::) ---- P.N. 0.1108 
~ -._- JONSIIAP 0.0888 :II; 

~ .....,;;. 
tI) 

)... ~ ..... c::) 
~ 
~ 
t::S 
)... 

~ 
~ ~ lij c::) 

fi:l 
~ 
-.I 

~ 
~ ~ ~ 

~ c::) 

• 

~~~~~~~~~~~~~~-~~~~~~~~~~~~~~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.90 0.95 0.40 0.45 0.50 

FREOUENCY f 1Hz} 
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~ 
ci~----------~--------------------------------------------------------~ 

SPECTRUM # 1.12 

STA TION # 202 

30/ 8/80 - 3: 00 

Signi ficant Have Height lis'" 3.18 m 

Peak Period 

Peak Frequency 

T"pa 9~ 1 5 

'0. 0.1q99 Hz 

Second Noment ~a O. 0174 m2/s~ 

Spectral Hidth ParBJlleter & a 0.8810 

Peakedness Parameter ~ a 2.4239 

JONSHAP Peak Enhancement l' a 1.7235 

Spectrum 

--- Observed 

Goodness 
of Fit 

- - Scott 0.1223 
---- P.N. 0.1299 
-.-- JONSHAP 0.1259 

~ 4-~-r~~~~.-ro-r'-'I-ri~i-r~i-rITi~i~i~i~l~i~i~i~i~l~i~~~~~~~~~~~~~~ 
0.00 0.05 0.10 ~m ~~ ~~ ~M ~~ ~~ ~~ ~~ 

FRE(}UENCY '[Hz] 
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INTRODUCTION 

In March 1982 Seaconsu1t Marine Research Ltd. was contracted 

to provide Fisheries and Oceans with an evaluation of the 

representativeness of parametric spectra for sea-state 

conditions in Canadian waters, and to recommend approaches 

to presenting spectral c1imatogica1 ~nformation. Part of 

this work was conducted by Dr. Sander M. Calisal and 

Dr. Michael Isaacson, who are recognized specialists in 

naval architecture and offshore engineering respectively. 

Their work was condensed into the final project report 

prepared by Seaconsult. 

At the request of Dr. J.R. Wilson of MEDS, these specialists 

were asked to examine t~e results of the spectral fitting 

to measured spectra done by Seaconsult, and to extend their 

original work to include comment on the results of the -

parametric spectral representations. In addition they were 

to recommend additional studies that would resolve, or help 

to resolve, some of the outstanding issues. Their final 

reports are presented herein. 
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USE OF OCEANOGRAPHIC DATA IN THE DESIGN OF 

FLOATING STRUCTURES AND SHIPS 

BY 

SANDER M. CALISAL 

PRESENT USAGE OF SEA SPECTRA 

Two major studies, one on the understanding of a probabilistic 

description of the sea by M. St.Denis and W.J. Pierson (1955) 

and the other on the motion of ships in regular waves by 

B.V. Korvin-Krovkovsky and W.R. Jacobs (1957), form the 

background of ship motion and ship wave load calculations. 

For a typical ship design the response of the ship to 

regular sinusoidal waves is either calculated by numerical 

methods or obtained experimentally in a towing tank in a 

frequency domain. In some cases, depending on the availability 

of towing tanks with multiple and directional wavemakers, 

the kinematic and dynamic responses of the ship in a given 

sea spectrum can be directly obtained. In most cases, however, 

the directional spectrum (encounter spectrum) is used in later 

computational stages after the ship responses in regular seas 

are available. The expected sea spectra are thus used both 

for calculation procedures or for the generation of the 

sea state in towing tanks. 

In the design of a ship the exact geographical location and 

orientation of the ship or her speed cannot be exactly 

determined. The designer is therefore forced to use nearly 

all available data on the possible sailing routes of the 

ship. This requires an extensive collection of sea spectra, 

which sometimes overwhelms designers. To help designers there 

exist families of spectra with one or two variables, known 

as ITTC (International Towing Tank Conference) spectra. 

The general form of these spectra can be written as: 

B 
S(w) = ~ e - w4 

w5 

where w is the radian frequency. 
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This is basically the Pierson-Moskowitz wave spectrum, 

whose coefficients are: 

A = 8.1 x 10 -3g , B = 3.11/h2
1 / 3 

(Bhattacharrya, 1978), where g is gravitational acceleration 

and h l / 3is the "significant wave height,". Another version 

of these coefficients is: 

2 
A = 173

h 
1/3 

T 4 
1 

, B = 691 
T 4 

1 

where T1 is the average period observed (in seconds) defined 

by ino/m1' where mo ' m1 are the first two spectr.a1 moments. 

When no other data are avai1abe and only the wind speed is 

known, ITTC gives the relationship between wind speed and 

the corresponding value of significant wave height required 

in the above formula. 

To transform the above spectrum into a directional spectrum, 

a cosine power-spreading function of the form 

S(w,~) =; COs2 (~) S(w) 

is recommended by ITTC. The ITTC spectra are continuous and 

have no "enhancement" factor such as exists in other we1l

known spectra as, for example, the Joint North Sea Wave 

Project Spectrum (JONSWAP). 



2. 

• 

- 173 -

The field of naval architecture is now well aware that there 

might be multiple "enhancement" frequencies or local peaks 

and multiple storm directions for point spectra. The 

numerical design methods developed so far are flexible 

enough to use any such sea spectra; therefore, the availability 

and correct definition of the spectra is of great qoncern 

to naval architects. 

The last important step in the design is to assess the dynamic 

effects of ship motion. In these calculations the critical 

value is either the duration of the storm, the existence of 

a specified spectrum for a given length of time, or wave 

persistence and duration. Wave persistence and duration data 

are usually not available explicitly; therefore, a value 

assumed to be conservative and reliable is adopted for design 

purposes. 

STEPS IN DYNAMIC RESPONSE CALCULATIONS 

The prediction of ship dynamic response is done as follows. 

The appropriate "wave spectrum" is converted into an 

"encountered wave spectrum", as the average motion of the 

ship will change the frequency affecting the ship. The 

encountered wave spectrum is then multiplied by the frequency 

dependent ship response amplitude operators which are 

independent of the wave spectrum in linear formulations and 

depend mainly on the ship geometry and ship speed. The 

resulting spectrum is called the "response spectrum". This 

spectrum is then analysed statistically and statistical 

measures such as average response and most probable largest 

value are calculated in terms of the properties of the area 

under the response spectrum. 

An experienced naval architect will normally design a ship 

to have a low response amplitude,operator at the peak encounter 
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spectrum, Le. that the ship "resonant" frequency will be 

outside of the high energy zone in the encountered wave 

spectrum. If possible, that frequency will be lower than 

the low cut-off frequency of the encountered wave spectrum. 

In some cases, where the ship or a component of a ship has 

a relatively high resonant frequency, the amount of energy 

in the high frequency range of the' wave spectrum becomes 

important. This portion of the wave spectrum is usually 

called the "tail" region. 

In view of the above procedure, a proper definition of a wave 

spectrum by parametric curves or otherwise should 

1. Give correctly the amount of total energy in the 

spectrum (or the related quantity i.e. the 

significant wave height); 

2. Locate the peak frequency and the distribution of 

energy at different frequencies with minimum error; 

3. Describe effectively the amount of energy at the 

tail end of the spectrum and; 

4. Estimate the low cut-off frequency in such a way 

that no significant energy is "available" below 

that frequency. The visual inspection of the fitted 

curves is then done in accordance with the four 

criteria given above. 

SHORTCOMINGS OF CURRENT METHODS AND OF OCEANOGRAPHIC DATA 

As more data are collected in the ocean and the general oceano

graphic knowledge expands the restricted nature of the ITTC 

spectrum becomes increasingly obvious. As a result, work 

on spectral families representing ocean waves in certain 

locations more precisely is being done. In addition to 

this work, new types of platforms have been built and 

operated for a variety of purposes. These developments have 

brought about a need to know the oceans with more accuracy 

and 'also a need to be able to forecast what type of spectra 



4. 

- 175 -

might be encountered during the lifespan of a platform. 

Naval architects are now concerned about the availability 

of realistic types of spectra and the range of their parameters 

for platform designs. Such data are not always present for 

all regions of the oceans. 

In addition the method of superposition is constantly critisized. 

Naval architects are now interested in ... time .domain .. studies as 

well as in frequency domain studies. In time domain calculations 

a "severe wave", either recorded or calculated, is used to 

obtain the responses of the ship and the resulting dynamic 

quantities. The information available on such waves is 

limited, if not unavailable, for most navigated areas. 

An additional area of concern to naval architects is the range 

of application of information obtained exclusively from a 

point spectrum. Complementary information seems to be necessary 

for the calculation of sea loads on long ships. For example, 

a cross-spectrum of waves at different locations appears to 

be desirable in order to increase the accuracy of load 

calculations relevant to large structures (McCormick 1979). 

POSSIBLE FORMAT FOR OCEANOGRAPHIC DATA 

There are several methods for the presentation of oceanographic 

data. One method that is attractive is the development of 

an atlas of wave and wind environments by geographical areas 

and seasons. This atlas should provide environmental data 

for translating seakeeping performance requirements in specified 

operating areas and seasons into specific design criteria. 

The following oceanographic data for various locations would 

be appropriate: 

1. Wind speed and direction. 

2. Wave spectral data for multipled directions (15 

frequency bands and 12 directions seem to be the 

established standard (Lewis, 1979): 
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a. Significant height; 

b. Characteristic period(s), peak period and 

other parameters of the spectrum, if any; 

c. Primary and secondary directions; 

d. Spectral width, and the definition of spectrum 

"tail" regions; 

e. Angular spread. 

3. Statistical data on wave steepness and wave persistence 

and duration. 

4. The most severe wave, based on wave height and 

steepness as recorded . . 

5. Cross-spectrum, if possible. 

The ideal format within the present technology would be a 

printed atlas where the minimum number of statistical 

parameters listed above can be accessed by designers. A 

general family of spectra related to these statistical parameters, 

such as the ITTC spectrum presented earlier, would be most 

relevant. However, the remainder of the data for spectral 

definitions by frequency bands and the time domain description 

of a severe wave should be available in a format directly 

compatible with mainframe and/or desktop computers. A tape, 

cassette or diskette medium is suggested. As most of the 

calculations for ship motion or , loads can only be done 

efficiently with the help of a computer, this computer-compatible 

format would be the most efficient method and would reduce 

input-output errors while facilitating improvements and 

updating. Such a computer format would be equally useful 

in the generation of waves in a towing tank. As most modern 

wavemakers are controlled by computers, the extensive data 

referred to above can be easily coupled to these wavemakers. 

A naval architect with the above set of information available 

can generate an encounter spectrum, compute the dynamic response 

of a ship, and generate the relevant statistical quantities. 
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VISUAL INSPECTION OF THE SPECTRAL FITTING IN .. 
"WAVE SPECTRA IN CANADIAN WATERS" 

One hundred and twelve spectra analyzed for spectral fitting 

corresponding to six locations in Canada have been visually 

inspected from an application point of view. The following 

general comments can be made. The peak spectral values are 

seen to be best represented by JONSWAP formulations. The. 

correlation between the parametric representation and the 

observed spectra seem to increase with the significant wave 

height of the spectra. Spectra with low significant wave 

height seem to have oscillations or multiple peaks. Some 

spectra (spectra 101, 107 and others) are observed to contain 

energy at frequencies below the lower cut-off frequency of 

the parametric spectra. From an application standpoint 

multiple peaks and energy below the cut-off frequency are of 

interest, as they might change the response spectra of a 

ship · by a significant amount. 

One can conjecture that some of these irregularities are due 

to the transient nature of the records or to the noise in 

in the data. As the response of ships at each frequency is 

calculated for a steady state sinusoidal wave any presence 

of transient waves in a spectrum should be treated with 

additional care. As boats and ships are subject to low 

energy spectra most of the time, it is important to know 

if these deviations from the parametric definition of spectra 

have physical significance or if they are due to some 

experimental or numerical error. 

The spectra presented belong basically to five different location~ 

in Canada. Comments on each group of numerically computed 

spectral fittings and observed spectra are given below. In 

this visual inspection attention is given to the following 

features of the spectra: 
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1. The location of peak frequency. 

2. General distribution of energy in the frequency 

domain. 

3. Definition of the "tail" or high frequency end 

of the spectra. 

4. Discrepancies between observed and fitted spectra, 

such as multiple peaks, oscillations, etcetera .. 

5.1 Spectra for Station 60 (Lake Ontario) 

Spectra related to station 60 which have a significant wave 

height larger than 2.5 m, are well represented in the engineer

ing sense by the JONSWAP formula. Parametric representation 

such as this ' can be successfully used for ship motion and 

related dynamic calcuations. For fatigue related calculations 

the Pierson-Moskowitz spectrum (P.M.) on the other hand, seems 

to offer a conservative estimate for most of the spectra. 

The low frequency waves in spectrum 13 -are not represented 

by any parametric spectra. 

5.2 Spectra from Station 103 (Tofino) 

Parametric representations are successful where the significant 

wave height is larger than 5 meters. On the high frequency 

side of the spectrum JON SWAP underpredicts the energy in the 

observed spectra. Except for spectra 19 and 24, energy density 

values at frequencies higher than the peak frequencies remain 

below the values given by P.M. spectra. Spectra 24, 25 suggest 

that additional energy exists below the lower cut-off 

frequencies. Additionally multiple peaks and oscillations 

exists in some of the observed spectra. 

5.3 Spectra from Station 138 (Davis Strait) 

Probably the best representation by JON SWAP spectra is spectrum 

49 in this group. Multiple spikes in spectra 39, 42, 43, 60, 61 

are disturbing from an application point of view, as their 

physical meaning is not clear. In most cases P.M. spectra 

give a conservative estimate at the higher frequency ride. 

... 

• 
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5.4 Spectra from Station 140 (Hibernia) 

Spectrum 67 exhibits a relatively large peak at a frequency 

lower than peak frequency and the spectrum 66 shows a peak 

at higher frequencies. Probably the best fit in this group 

of spectra is spectrum 69, which has a significant wave 

height of 5.02m. Spectra 73, 76, 78, 83, 87 and others, on 

the other hand, show a poor fit and have multiple spikes,' 

even though they have a significant wave height higher than 

5m, which is contrary to the trend observed in the earlier 

spectral fittings. 

5.5 Spectra from Stations 201 and 202 (Beaufort Sea) 

6. 

Spectra 101 and 107 show energy at frequencies smaller than 

the lower cut-off frequency. These spectra have a relatively 

small significant wave height. The spectral fitting is 

observed to improve as the significant wave height of the 

spectrum increases. Again, as in the previous cases, the P.M. 

spectra better represents the tail end of the spectrum. 

CONCLUSIONS AND RECOMMENDATIONS 

In view of the above observations the effect of the application 

of curve fitted spectra for engineering purposes can be 

estimated as follows: 

1. Dynamic calculations 

For those calculations that in~lude dynamic stress and ship 

dynamic stability calculations the ~ajor contribution to the 

calculated dynamic quantities will corne from the peak energy 

frequency zone. The calculated JONSWAP spectra seem to offer 

a better definition of the sea in this range. It might be 

suggested, however, that such calculations be limited to spectra 

with significant wave height above a certain value. As observed 

previously, this value of significant wave height changes 

with the observation station. For most naval architecture 

applications, excluding small boats, a spectrum with relatively 

high significant wave height is of interest. Therefore, 

computed spectral parameters are' valuable for large ship 

applications in relatively large storms. 
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The energy that exists in the observed spectra but is not 

represented by the fitted spectral curves is of some concern 

because its effect might be significant for most applications, 

especially at lower frequencies. Some of these spectra were 

referred to earlier and seem not to be limited to one particular 

observation pOint. The dynamic response for some typical ships 

such as fishing vessels, supply vessels, tankers, etcetera, 

calculated separately in observed spectra and in fitted spectra, 

can give a quantitative comparison of their effect on 

engineering calculations. This is surely a better way of 

assessing the applicational impact of spectral fitting and 

is highly recommended. 

2. Higher frequency and fatigue calculations. 

The present spectral fitting does not seem to be adequate 

for high frequency calculations, mainly because of oscillations 

seen in the observed spectra. Also the JONSWAP spectra which 

seem to represent the peak energy region rather well under

estimate the energy in these higher frequencies. To use the 

available information, however, the P.M. spectra can be taken 

as an upper limit. In view of the error analysis given on 

page 36 of the main report, this might be a more reliable 

calculation than straightforward application of the observed 

spectra. Additional fundamental research and work are needed 

in the definition of this portion of spectrum. 

For reliable engineering applications of the observed and 

fi tted spec-tra the following additional studies are recommended: 

1. Explanation of the origin of oscillations on 

the observed spectra, and estimation of the transient 

component of the sea spectra. 

2. Spectral fittings with a larger number of spectral 

parameters, allowing for better definition of 

the tail section of the spectra. 

3. Application to standard, ships of the observed and 

fitted spectra in order to study the error in the 

dynamic spectra. 
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4. Correlation of the spectral parameters to meteoro

logical data. This is a very important step as 

waves and winds usually affect the ship together. 

Knowledge of storm duration is necessary for the 

proper calculation of dynamic quantities in the 

probabilistic sense. 

5. Improved parametric fittings for spectra with 

relatively low significant wave height. Such work 

will be very useful for dynamic studies relevant 

to small ships such as fishing vessels, supply ships 

and pleasure craft. The present spectral fitting 

does not seem to be successful for such applications. 
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DESIGN REQUIREMENTS OF WAVE 

DATA PRODUCTS 

BY 

MICHAEL ISAACSON, P. ENG. 

To propose improvements in the 'detail of wave data products 

available from instrument recordings in order to satisfy ' 

more closely offshore and coastal engineering design 

requirments. Emphasis is to be given to the structural 

design of offshore structures. 

To comment op the engineering implications of the spectral 

fitting described in the main report "Wave Spectra in 

Canadian Waters". 

INTRODUCTION 

Information on ocean wave characteristics is required for. 

a variety of offshore or coastal engineering design situations. 

Some of the categories of offshore structure include jacket 

platforms, gravity platforms, mobile drilling rigs including 

semi-submersible and jack-up platforms, compliant platforms 

including the tension leg platforms and the guyed tower, 

mooring systems, submarine pipelines, caissons, and various 

coastal structures including piles, breakwaters, seawalls 

and artifical islands. (Ships and ship-like marine vessels 

are considered in detail by Sander M. Calisal in this report.) 

Design criteria for offshore structures generally include 

survivial criteria, which may be set by regulatory 

authorities to whose requirements a rig is designed, and 

operational criteria, which may be set by a rig's owners 

or operators. The various criteria may relate to stresses 

in the structural members, tensions in the mooring system, 

the effects of environmental loads - including those due 

to wind, waves, currents, ice and earthquakes - on the 

integrity, foundations or motions of the structure. 
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The design procedure with respect to fluid loading may 

include some or all of the following components: 

static and dynamic analyses of the structure for 

extreme loading conditions, 

intact and damaged stability ~analysis, 

a motion response analysis for operational, survival 

and intermediate conditions, 

a fatigue analysis, 

a mooring analysis. 

In coastal engineering projects, other factors may assume 

particular importance. These may include the effects of 

breaking waves on a coastal structure, an assessment of 

short-or long-term sedimentation or erosion patterns, 

and the degree of wave protection provided by a harbour. 

In the most general sense, the offsnore platform design 

engine~r is :-requir~d .. to .consider two categories of 

hydrodynamic forces. The first relates to extreme condition 

forces associated with rare "design" storms which may 

result in immediate structural or foundation failure. A 

series of several "design" storms may need to be considered 

to establish the extreme condition forces. The second 

force category concerns nominal condition forces associated 

with commonly encountered storms many times during the 

structure's life-time. These affect the fatigue life of a 

structure or its down-time. 

There are two distinct approaches whereby one can follow the 

above procedures. One is a deterministic approach, which 

itself may be either pseudo-static or time-dependent, and 

the second is a stochastic approach. In the deterministic 

pseudo-static method, which is the simplest to use, maximum 
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loads are calculated and applied to a static analysis of 

the structure, whereas in the deterministic time-dependent 

method, a time record of the free surface elevation is 

used to calculate time-dependent loads, taking into account 

the dynamic response of the structure. The deterministic 

approach can generally take nonlinearities into account and 

is more appropriate for extreme loading conditions. The 

stochastic approach, in which the loading and response ar~ 

generally linearized is more appropriate for nominal conditions. 

In the stochastic approach the wave motion is treated as a 

random process and is described by its spectral density. 

A corresponding description of the loads on, and response of, 

the structure is obtained. Thus, in the stochastic approach 

all calculations are carried out in the frequency domain, 

whereas in the deterministic approach they are carried out 

in the time domain. The different approaches outlined above 

have been described by Bea and Lai (1978). An indication 

of the various concepts and procedures to be followed in . 

wave loading calculations is given by Sarpkaya and Isaacson 

(1981) . 

3. WAVE DATA REQUIREMENTS 

3.1 Importance of Existing Data Products 

In many cases design limitations may be due to the restricted 

amount of wave data available for a particular site rather 

than to the quality of the data or to its manner of 

presentation. Or they may be due to shortcomings in the 

state-of-the-art resulting in an inability to utilize more 

detailed wave data products. For example, in some situations 

only a one-dimensional wave spectrum may be used even though 

a directional wave spectrum is available. Consequently any 

improvements to the detail of wave data provided should 

be in addition to, rather than in place of, the more basic 

wave data products which are presently available. Thus in 

the above example a one-dimensional wave spectrum should 

always be provided even when a directional wave spectrum is 

also given. 
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3.2 Directional Wave Spectra 

The directional spreading of waves is often neglected in 

offshore design, either to simplify the design procedure, 

or because of one's inability to properly account for the 

spreading, or because of insufficient environmental data. 

In the uni-directional approach, all wave activity is 

considered to be concentrated in the most unfavorable 

direction and a conservative estimate of the structural 

loading or response is then obtained. 

Offshore design is now being extended to account for the 

effects of directional spreading (i.e. Sharma and Dean 1979, 

Huntington 1979), and information on directional spectra 

is increasingly required by the designer. At the same time, 

directional wave spectra obtained from instrumental measurements 

are becoming more widely available. 

A complete directional spectrum may be presented in a variety 

of tabular or graphical forms, some of which have been mentioned 

in the main report. One preferred format is a plot showing 

the directional spreading function G(f,9) vs. e for a series 

of frequencies f. However, such complete representations 

of a directional spectrum for each recording period become 

extremely unwieldy for general design use, and thus it 

is important that simple parametric fitting be applied to 

each available spectrum. The most appropriate parametric 

form appears to be the cosine-power representation in 

which G(f, 8)is writ tern as: 

2s -G ( f , e ) = C (s) co s [ , (e - 8 ) ] 

(adopted, for example, by Dean 1977), or 

C' (s)COS 2s (a-i) for a-i < n/2 

G(f,a) = o otherwise 



- 187 -

(adopted by Borgman 1969). e is the mean wave direction, s is 

a spreading parameter and the normalizing function C(s) or C' (s) 

may be expressed explicitly in terms of s. The parameter s 

depends on frequency f and its dependence on f may be tabulated. 

As a further simplification, the directional spreading 

function may be taken as independent of frequency and the 

frequency-independent value of s thereby provided. 

In this way it would be relatively straightforward to extend 

the existing one-dimensional spectrum tabulations for each 

recording period to include the mean wave direction e and 

the frequency-independent spreading parameter s. As a 

further extension, frequency dependent values of s may be 

provided in a separate tabulation. 

3.3 Mean Wave Direction 

The mean wave direction e has been mentioned above as being 

provided by a directional wave spectrum. The long-term 

variation of mean wave direction is particularly important 

in many engineering situations. Applications include wave 

transformation due to refraction, littoral drift estimation, 

wave diffraction into harbours, and structural loading or 

response which is sensitive to wave direction. 

In addition to the tabulation of e mentioned in Section 3.2 

above, e may also be presented in an analogous way to a 

scatter diagram or to a significant wave height vs. time plot. 

An extended scatter diagram showing the number of occurences 

of various combinations of significant wave height, peak 

period as well as mean wave direction has been suggested 

(i.e. Tickell 1979), and would be especially useful in improving 

structural design with respect to long-term wave loading. 
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regarding the reliability of the Pierson-Moskowitz spectrum 

in fatigue calculations. 

The low frequency range of the spectrum is generally important 

for compliant or large floating structures .with low natural 

frequencies or for the surge response of moored floating 

structures, (which have a low surge natural frequency). Of 

the three spectra examined, the Scott spectrum has a sharp 

low frequency cut-off and sometimes underpredicts the low 

frequency energy in a spectrum. However, this distinction 

is not consistent enough to provide any meaningful conclusion 

concerning the suitability of one or other spectrum with 

respect to low frequency response. 

In a motion response analysis of a floating structure, a series 

of design spectra covering a range of peak frequencies fo ' 

with appropriate significant wave heights for each f ,are 
o . 

generally applied. This procedure provides a curve (as in 

Figure 1) showing the maximum motion expected for different 
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Figure 1: Typical curves of mpximum response vs. peak 

frequency of design spectra based on different parametric 

spectra. 
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parameter Pierson Moskowitz spectrum (corresponding in form 

also to the Bretschneider, ITTC and ISSC spectra), the (two

parameter) Scott spectrum and the -(three-parameter) JONSWAP 

spectrum. The spectra are fitted by matching significant 

wave height, peak frequency, and in the case of the JONSWAP 

spectrum also the magnitude of the spectral peak. Because 

of the three parameter fitting, the JONSWAP spectrum provides 

the best fit to the measured spectra, although the peak 

enhancement factor y exhibits considerable scatter. As might 

be expected, the Pierson-Moskowitz spectrum generally 

underpredicts the magnitude of the spectral peak and 

overpreaicts the spectral density on either side of the peak. 

4.2 Implications for Offshore Design 

In the dynamic response of an offshore structure due to 

wave loading, any frequency range of the wave spectrum may 

assume particular importance, depending on the peak frequency 

in relation to the resonance characteristics of the structure. 

From the spectral fitting carried out, it appears that the 

Pierson-Moskowitz spectrum tends to overpredict the energy 

in the high frequency tail but to underpredict the magnitude 

of the spectral peak. Both the Scott and the JON SWAP spectra 

represent both these features reasonably well. 

In fatigue calculations, the high frequency tail of the spectra 

for more extreme storms, as well as the spectral peak 

for more common storms may become important. In other situations 

the tail of the spectrum for more nominal storms may be 

important. Fatigue damage or failure is due to the cumulative 

effect of a combination of storms comprising a greater number 

of less intense storms and fewer more extreme storms. 

Consequently the Pierson-Moskowitz spectrum may either under-

or overpredict fatigue damage in the general case and specific 

calculations are required to illustrate the effect for 

different test situations. No ~eneral conclusion may be reached 
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regarding the reliability of the Pierson-Moskowitz spectrum 

in fatigue calculations. 

The low frequency range of the spectrum is generally important 

for compliant or large floating ' structures ,with low natural 

frequencies or for the surge response of moored floating 

structures, (which have a low surge natural frequency). Of 

the three spectra examined, the Scott spectrum has a sharp 

low frequency cut-off and sometimes underpredicts the low 

frequency energy in a spectrum. However, this distinction 

is not consistent enough to provide any meaningful conclusion 

concerning the suitability of one or other spectrum with 

respect to low frequency response. 

In a motion response analysis of a floating structure, a series 

of design spectra covering a range of peak frequencies fo ' 

with appropriate significant wave heights for each f ,are o 
generally applied. This procedure provides a curve (as in 

Figure 1) showing the maximum motion expected for different 
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~igure 1: Typical curves of m~ximurn response vs. peak 

frequency of design spectra based on different parametric 

spectra. 
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possible design spectra characterised by fo ' and this in turn 

provides an estimate of the maximum possible motion. The 

Pierson-Moskowitz spectrum generally has a lower spectral 

peak and a greater band-width than do the Scott and JON SWAP 

spectra. This will typically result in differences as 

indicated in Figure 1. In such cases the Pierson-Moskowitz 

spectra will tend to underpredict maximum design motions. 

RECOMMENDATIONS 

The following recommendations can be made: 

1. It is important that any improvement to the 

detail of wave data provided does not replace 

the more basic data products which are presently 

available. 

2. A complete description of a directional wave 

spectrum for each recording period is likely to 

prove too unwieldy for general design use. 

Information on the spreading parameter, either 

as a frequency independent quantity or as a 

function of frequency is most suitable. 

3. Information on mean wave direction for each 

recording period is useful in many offshore or 

coastal engineering applications. This may be 

tabulated alongside one-dimensional spectra data. 

In addition, an extended scatter diagram (showing 

number of occurrences of different combinations of 

height, period and direction) is required. 

4. 

5. 

Further extensions to the detail of wave data provided 

should deal with a description of wave grouping 

or of coexisting currents. 

The spectral fitting carried out indicates that 

the Pierson-Moskowitz spectrum generally underpredicts 
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the spectral peak and has a relatively wide 

band-width. The effect of this on fatigue 
calculations is not presently understood and 

further studies are recommended to quantify 
any important differences in estimated fatigue 

life. 
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