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ABSTRACT  --

Some selected wave profiles recorded using a ship borne wave recorder
are analysed to study the effect of attenuation corection on the disrtribution
of the surface amplitudes. A new spectral wiith parameter is defined to account

. -for wide band and multipeaked spectra. The unattenuated surface profiles when
computed from the attenvation corrected variance spectra and the unchanged
phase spectra follow the Gauss an distribution evea in very wide band cases for
which the recorded profiles do not follow the Gaussian Jaw. A narrow band
case does not show much changes in the amplitude distribution. The computed,
surface wave profile shows large changes depending upon the spectral width.
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INTRODUCTION

R V Gaveshani and O R V Sagar Kanya, the two research ships managed
by the National Institute of Oceanography, Irdia, are equipped with ship borne
wave recorders (Institute of Oceanographic Sciences, U. K.). Large number of
records are collected on a routine basis during the different cruises of these
ships. Some of the wave data pertaining to various cruises were processed and
published (Gopinathan, Sathe and Rama Raju, 1979; Sathe, Somayajulu and.
Gapalakrishnay 1979; Fernandss, Gouveia, Sathe and Nagarajan, 1981; Sathe and
Gouveia, 1982; Vethamony, Gopalakrishna and Varkey, 1984). But no work is
carried out to study the effect of attenuation correction of the variance spectrum
on the back-computed surface wave profile. Hence an attempt is ‘made here to
study the changes brought about in the surface amplitude profﬂpst computed
from the attenuation correcied variance spectrum with no phase spectral change.

DATA AND ANALYSIS

The wave data were recorded using a ship borne wave recorder .(Institute
of Oceanographic Sciences, U.K.) installed on board the research  vessel
Gaveshani. The sensors are fixed at a depth of 2.1m below the mean water level
and the data were recorded for 15 minutes durat’ons at two stations whose depths
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were 250 and 500m off the east coast of India at about 16.5°N from 241k
September to 4th October 1980 (Vethamony, Gopalakrishna and Varkey, 1982).
These records were digitised at 1 sec intervals and the resulting time series” were
used for the present study. -

Eventhough wave records were available for 15 minutes’ durations, stabi-
lised portions of the records only were digitised giving always less than 900 digi-
tused values at 1 sec intervals. The data series’ thus obtained were analysed for
their variance and phase spectra using published programs using FFT (IEE,
1979). These programs would work only with specific number (N) of samnples
equal to 2™ In the present case only 512 (2°) values could be used due to
this limitation. Eventhough N could be adjusted to 1024 (2'9) by adding zeros,
this method was not adopted since it requires variance adjustments after the
computations and since N = 512 was found suitable for the present study. The
spectral densities (after removing noise) were corrected for the attenuation effect
due to the submersion of the sensors by 2.1m using a correction formula [0 S.,
1980).

The attenuation corrected variance spectra and the phase spectra: wera
smoothed by a running average method with 11 points resulting in about 22
degrees of freedom.

The attenuation corrected and smoothed variance spectrum within  ths
valid sensor frequency range (0.05 Hz to 0.33 Hz) was used along with unsmoo-
thed raw phase spectrum to back-compute by inverse transform, using published
programs (IEEE, 1979), the surface wave profiles (two samples are shown in
Fig. ). Spectral densities outside the valid frequency range were assigned an
insignificant base value (0.00001) for obtaining the full frequency range from
0 10 0.5 (Nyquist level for 1 sec sampling interval).
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Fig. 1. Recorded (Rec) and computed (Comp) surfuce wave profiles for a narrow.
band swell (WAPDO1) and a wide bend multipeaked sea state

(WAPDIT7).
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The computed surface amplitudes were grouped into classes of 0.15 about
the mean water level. Gaussian probability law was fittéd to the grouped data
and the %2 values were computed. These. computations wete ¢arried out for five
selected wave records whose variance spectra showed a wide range of spectral
widths and the resuits are shown in Fig. 2. Normal fits to the five observed wave
prchles are shown in Fig. 3.

RESULTS AND DISCUSSION

A casual look at Table [ shows that the conventional spectral width para-
meter € (=1-m, 2/mgm,)%6 does not represent the true spectral width both
in multipeaked cases (WAPD16 and WAPD17) and in narrow band cases
(WAPD 01) with a very low level background sea. Even when normalised spect-
ral densities are used (Oohi. 1982), € is strictly applicable for narrow band
swell systems only. Hence another spectral width parameter ( ) which is inded
pendent of the frequency is defined as below 1o represent the true multipeaked
wide band nature of the spectra (Varkey, 1986). This is found to be very relia«
ble (see Table I and Fig. 5 also) and is discussed later in relation to  other
parameters. '

r=(rotry(ElE)+r (E,/ E) +.... S - )
~where, »
rp= half energy band width of the highest spectral peak -
rys r,= half energy band widths oof other spectral peé_ks
B, = highest spectral peak value, E,, E, ... = other spectral peak
values, and f,, f, = highest and lowest frequencies in the valid spectral range
(0.33 and 0.05).

Figure 1 shows two recorded and computed wave profiles (WAPDO1 and
WAPD17); one a narrow band swell spectrum and the other a wide band multi-
peaked spectrum. The computed profiles show large changes. It is scen that the
‘modulated observed profile: (WAPDIL7) is changed " to a demoduldted one.
Here, it should be mentioned that even the computed profile does not include
waves with periods less than 3 sec. Befow 3 sec. it is found that application of
the attenuation correction results in very. unrealistic estimates of specratl densi-
" ties (Varkey and Gopinathan 1984). . ' ,

Figure 2 shows Normal fits to the computed wave profiles obtained from
" the attenuation corrected variance spectra. In Fig. 2 from ’2’ to ‘e’ the spectral
~ width parameter.'( r) increases regularly. Comparing Figs. 2 and 3, it could
bz seen that the two wide band sea states (WAPD16 and WAPD17) whose
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Fig. 2. Normal fits to computed surface wave profiles of some seiected records.

recorded amplitudes do not fit into Normal law, after attenuation correction,
provide surface amplitude profiles which agree well with the Normal distribution.
~ Eventhough, this effect is not so conspicuous for narrow band spectra the com-
puted profiles do show small x* values. Fig. 4 shows the dependence of the 2
values on the effective spectral width parameter ( » ). The ¥* values show an
ncreasing trend (AB) with 7 for the recorded profiles. This is so becauss as r
increases and as the number of peaks increase more of the high frequency range
. is covered by the spectrum and the attenuation correction affects the spectral
area more and more (see Fig. 5 also) since the correction factor increases
exponentially towards high frequency. The computed profiles show a decreasing
trend (CD) due to the large effects of attenuation correction on the computed
profilles (see Fig, 1 also) bettering the %* levels even compared to the narrow
- band cases. The two lincs AB and CD join over the narrow band range of r
showing the null effect of attenuation correction for narrow band cases. Lino
EF (Fig. 4) shows the percentagc reduction y? values for the different spectra.
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The line steeply nses as r increases since the percentage change of y* is directly
related to the relative energy content over the high frequency range.
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Fig. 3. Normal fits to recorded surface wave profiles of some selected records.
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Table I presents various parameters derived from the spectra and  the
Normal fits. Comparing ¢_and p and the different spectra in Fig. 5§ it is clearly seen
that the effective spectral width parameter ( r ) represents truly the real nature
of the spectra r also idealy varies from 0 to 1. For narrow band swells (cg.
WAPDO1) r would be very small (eg. 0.089) and for multipeaked sea states
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Fig. 4. A plot of effective spectral width ( r ) versus XY2and its percentage
reduction.
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Fig. 5. Attenuation corrected and smoothed (running average of 11 points)
variance spectra for the selected set of records; dashed profiles are of
uncorrected spectra (segment average of 11 points).

(eg. WAPD17) r is found to be large (eg. 0.444). r is also independent of
the frequency ranges over which the spectral peaks occur. In naturaly occuring
nornial sea states f"could be expected to vary from 0.01 to  0.5. A close look
at the variations in the 2-nd 3-rd and 4-th central moments (varisnce, skswness
and kurtosis) reveals some interesting feaiures. The first moment (mean) is
always adjusted to zero. The two swell dominated records (WAPD(Q1) and
WAPD14)} improved their 3-rd moments (horizontal asymmetry between crest
and trough) but the 4-th moments (vertical asymmery of crest and trough)
showed increased variations from Normal probability law. In the case of the
two multipeaked spectra (WAPD16 and WAPDI17), the variances showed
almost same amount of increase (v 17G%). For WAPD16 skewness becomes
bad but the kurtosis becomes better. For WAPD17 the skewness improves with
the kurtosis remaining almost the same. With almost the same type of spectra
for both WAPDI16 and WAPDI17, the reason for the different trends in skew-
ness and kurtosis is not clear. For WAPDO7 which showed 346% increase in
variance with attenwation correction, there is no change in kurtosis but ‘the
skewness increased by 0.06 (insignificant). The reasons for the differences obser-
ved between WAPDY7, WAPDI16 and WAPDI17 are not clear.
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