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Statistical Wave Parameters Offshore Jeddah Coast
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ABSTRACT. Waves offshore Jeddah were measured by a pressure-type
gauge deployed 7 km off the coast. Narrow banded wave records were con-
sidered and analyzed by two different methods; individual wave and
Tucker-Drapper methods. Simila'r results are obtained by both methods.
Statistical representative wave parameters show significant wave height
around 1.2 m with significant period 6.7 sec, root mean square wave height
of 0.80 m, mean height of 0.70 m and an average wave length of 128 m.

The observed representative wave parameters are correlated and com-
pared favorably with those predicted by the theoretical formulation.
Further analysis including the relative frequency of occurrence and the
probability density function of wave heights and periods provides confirma-
tion of the applicability of the Rayleigh distribution to describe well the ran-
dom waves offshore Jeddah coast.

Introduction

Water waves are considered the primary force for most coastal changes and near-
shore processes. Waves with period that varies from 1-30sec are considered the most
energetic band among waves (Kinsman, 1965). These wind waves and their energy
flux are responsible for generating longshore currents and sediment transport which
affect the stability of the coastal zone (Thorton and Abdelrahman, 1991). Under-
estimating the wave parameters may lead to severe coastal problems and, therefore,
any successful design for the coastal works depends basically on our understanding of
the prevailing wave conditions.

A preliminary literature survey shows that there is only limited wave information
offshore Jeddah. General wave information for the Red Sea are described in the
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FIG. 1. A map showing the location of the wave gauge offshore Jeddah.

For each record of 10-minute, mean sea level was first drawn by visual adjustment
(Goda, 1985) then individual waves were identified by applying zero-up crossing
method. Individual wave period T* and height H* were determined and tabulated
for each record. Wave periods were scaled by appropriate scale while the actual wave
heights (H) were transfelTed according to the following relationship, (Earle and
Bishop, 1984).

H*H = n'S cosh kh (1)

wheren is a constant when applying the linear wave theory (1.2 as suggested by
Horikawa and Isobe, 1980),S is a sensitivity coefficient given in the instrument man-
ual, k is the wave number and h is the water depth. The wave length and then the
wavenumber were calculated from the dispersion relationship following the explicit
solution suggested by Wuand Thornton (1986). Each record is then written in a tabu-
iar form containing the observed individual heights, periods and wave lengths.

It is assumed that the 10-minute~ record represent adequate length for statistical
analysis. Narrow banded records with sufficient well developed waves are consi-
dered for detailed statistical analysis while records dominated by low frequency os-
cillations (broad banded) are excluded. The idea of the analysis is to express the
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can be constructed to demonstrate the observed frequency of occurrence and their
distribution. It is common to normalize the wave height by a representative waveheight such as Hrms or II and the wave period by t. .

The wave height distribution was studied by Longuet-Higgins (1952) and shown to
give Rayleigh distribution provided that the frequency band is relatively narrow. The
wave height probability density function P, for a n.ormalized wave height (H/B}, is
given as:

-'lTH 'lTH2P(H/H) = -=- EXP [- -( -=) ]
2 H2 4 H

which is entirely &pecified by H. If the wave height is normalized by Hrrns then,

, H .._(~)2]

(4)

P(H/Hrrns) = 2 ~ EXP l (5)
H;ms Hnns

and for the wave period distribution of a fully developed sea is;

P(P/T) = 2.7 ¥ EXP [O.675{ ¥)4] (6)

where P(T IT) is the wave period density distribution function and the period is
scaled by T.

Ill. Results and Discussion

Observed narrow banded 25 records, that are dominated by gravity waves, were
selected for the analysis.. Computer programs were developed to calculate the statis-
tical wave parameters by the two adopted methods; individual wave and Tucker-
Drapper method. Wave parameters; Hs' l:!nns' H, j and Hmax are computed by both
methods while significant wave period T s ' Land H1O are only calculated by individual
wave method. The maximum wave height by Tucker-Drapper method represents
the maximum height'over the time interval between records; i.e. two hours, while it
is merely the maximum recorded heigl"t in the other method.

Summary of the statistics of the representative wave parameters is given in Table 1
that includes; mean, median, minimum, maximum, variance, standard deviation
and the standard error. Both methods of analysis are expected to give the same mean
zero-up crossing period; j = 9.26 sec. Significant wave period T s is calculated 6.65
sec by Individual method as shown in Table 1. In general, the mean zero-up crossing
wave period is expected. to be of longer period since the measurements were taken
during summer (Swell type). However, significant wave period is commonly com-
parable to the peak spectral period (SPM, 1984) where the most energetic band is lo-
cated. It is. also added that the range of the observed wave heights and periods lie
within the ones obtained by hindcasting in Abdelrahman (1993).
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FIG. 2. Measured significant wave height Hs by individual wave method (I), plotted against Tucker-

Drapper (T) statistic Hs. The best fit regression line ( ) agrees well with the 450 line (-).

Statistical based wave height parameters obtained by the individual wave method
(observed data) are plotted against each other to verify the applicability of the
Rayleigh distribution. Fig. 3 shows the best line fit toRs against Rrrns .The resulting
equation is comparable with the theoretical equation(equatio~ 3). The intercepts of
the best fit lines are small and can be neglected (order. of 2 cm). Linear aggression
and the resulting equations between representative parameters are given in Table 2.
The good agreement between the observed and theoretical relationships are found in

Table 2.
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Further analysis is carried out to examine the tendency of the observed data to fol-
low the Rayleigh density function. Wave heights and periods are scaled with the as-
sociated parameters II, Hnns ' T for each record. Then, histograms including all the
scaled recorded waves (1678 waves) are constructed, superposed on them the prob-
ability density function of Rayleigh distribution given. by equations 4 and 5. Fair ag-
reement between the observed and theoretical distributions are shown in Fig. 4, 5
and 6 and the validity of Rayleigh distribution is confirmed. The Rayleigh distribu-
tion appears to describe qualitatively the measured wave height that is why the cent-
ral moments such as II and Hnns are predicted well by theoretical function. The appli-
cation ofa linear model (Rayleigh distribution) seems to be reasonable since typical
wave steepness in this data s~t, based on mean values, are less than 1 %. Part of the
reason of the deficit in P(T IT) is because of the shortness of the records' length (10
min) and the dependence of the distribution on T which seems to be biased in this
data towards longer period when compared with the significant wave period.

It is worth-mentioning that despite the fact that the sensor was bottom mounted in
relatively shallow water area where waves are partially subjected to shoaling and re-
flection effects, the obtained pattern agrees with the suggested Rayleigh distribu-
tion. This is to say that the wave height distribution appear to follow Rayleigh under
a much wider range of conditions than the strict assumptions of deep water and
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FIG. 4. Empirical probability density function (histogram) plotted against Rayleigh probability density

function..for wave heights normalized by average wave height.
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Gaussian (linear) process would imply. Thornton and Guza (1983) obtained a nearly
Rayleigh distribution even within the surf zone.

IV. Conclusion

Waves are measured offshore Jeddah by a pressure type gauge. Main findings can

be summarized as follow:

1. Tucker- Drapper method gives reliable wave results despite the fact that it takes
less time and effort compared with individual wave method. This may suggest the use
ofTucker-Drapper method to efficiently analyze wave records in the central part of

the Red Sea.
2. Analysis of narrow banded records show the following features during the re-

cording period:
a. Significant wave period varies from 5.1 second to 9.8 second with a mean

period of 6.7 second. Longer period of 9.3 second is obtained as mean zero-up
crossing by the two methods. However. significant wave period may corres-

pond to the spectral peak band.
b. An average wave length of 128 m is obtained by the use of an explicit solution

for each recorded wave.
c. Mean values for different wave height give H = 0.70 m, Hrrns = 0.80 m, Hs =

1.15 m and short terms variation in Hmax ranges from 3.91 m (max. recorded) to

4.5 m (max. calculated for two hour intervals).
d. Relationship between observed representative wave heights are highly corre-

lated with the associated theoretical relationships derived from the Rayleigh

distribution as given by Longuet-Higgins (1952).
e. Further analysis that includes empirical and theoretical probability density

function provides a confirmation to the applicability of the Rayleigh distribu-

tion.
A final conclusion can be drawn that the observed waves offshore Jeddah coast are

reasonably well described by Rayleigh distribution. This results improves our know-
ledge of the wave characteristics in the central part of the Red Sea. Moreover, it pro-
vides a reliable wave statistics based on measured data which may help in future

studies.
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