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WAVE OBSERVATIONS IN THE MAHANADI BASIN (BAY OF BENGAL)
DURING SEPTEMBER 1980
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ABSTRACT

The sea state at the location 20°2I'N, 87°10°E (40 m depth) is
described for the periods Sept. 7-11, 1980 (calm) and Sept. 16-1%, 1980
(stormy) from the results of spectral analysis and wave by wave analysis
of hourly wave records obtained with a shipborne wave recorder on board
RV Gaveshani. Wavye paramcters compnted from the two methods are
compared.

Spectra for the period Sept. 7-11, 1980 reveal two peaks at periods
around 16 sec and 8 sec, both owing to ‘swell’, while the spectra for the
period Sept. 16-18, 1980 show a single peak ata period around 8 sec
(slowly moving towards lower frequency). owing to ‘sea’. The significant
wave height, Hy,, and the zerocrossing period T, :,; computed from spectral
analysis overestimates Hy 3 by 8% and underestimates T, by about 209
respectively.

INTRODUCTION

On her 78th cruise RV Gaveshani was anchored in the Mahanadi Basin ar
20°21'N. 87°10'E from the 7th to lith Septembezr, 1980. During this period the wind.
which never rose beyond 10 knots, was mainly due to the land-sea breeze systen:-
About a week later RV Gaveshani was again anchored at the same location ftor a
peried of 48 hours (16th-18th Scpiember, [980). The wind during this period was
fairly high. at times excceding 30 knots. duc to a moving tropical storm- The posi-
tion of RV Gaveshani as well as the path ol 1the ¢ye of the storm are shown in
Fig- 1.

Earlicr studies on waves cofl the east coast of India fall into wwo  caicgories:
(z) Studies based on visual observattons (Srivastava, Vijayavajan and Joscph. 1970:
Vavadarajulu and Krishna, 1979 and Varma and Srivestava. 1981) and (b) Studies
based cn instrumental veccids (Darkavivaj and Savkar, 1978 and Sathe, Somayajulu
and Gopalakrishna, 1979). Whereas studies reported in the latier category employ the
Diaper’s technique of wave analysis, the curient state of the art demands that
wave ieccrds be subjected 10 spectro} analysis and wave by wave analysis.

This paper piresents a description of the sca state during the two peviods  of
observations through spectral and wave by wave analyses of the wave dala collected:
An inter—comparison of parametcrs, e-g-- significant wave height, derived front the afcie-
said techniques as well as from the Tuckei’s analysis of waves is also piresented-



85 90"

rY -
22] 22
N

o 21
204 l2o)

T ;
.- 7-9.
&. *06001IST) I7-9-80

ST
I . \- 2330(1ST156-9-00 Lis
\oqaousms»sw
w,
18] \‘Nqésousnm-s 80 Lie
as" 86° 87" 88’ g9t ' o
Fig.]. Map showing 10cati6n of R.V. Gaveshani

and progress of storm.

FERNANDES, GOUVEIA, SATHE AND NAGARAJAN

MATERIAL AND METHODS

Hourly observations of wav-
es and wind were made durving
the two peviods of observations.
Fiftcen minute {cng analeg ve-
cords in the scale (1 cm= 10 sec
and 1cm=1.5 m) were obtained
with a shipborne wave recorder
(SBWR) (10S, Mecdel 5254, In-
stituie of Oceanographic Scien-
ces, U.K.). In addition, a few
digital vecerds, with 2 sampling
interval of 0-43866 scc were
made using a datalogger (Fluke.
Model 2240 B) interfaced with
the shipborne wave secorder-
Wind speed was measured with
an anemometer placed at a
standard height of 10 m above
sea level- Wmd duection was
neted against a gyrotompass.

The number of analog records collected weve : 93 durving the period 7-11
September and 49 during the period 16-18 September, 1980- Frem these, 28 wecords
were chosen for a detailed study- Four of thesc records were from the former
period representing calm conditions and the vemaining from the later period sepre-
senting conditions prior to, during the growth of. at the climax of. and dusing the

slow decay of sterm-

Each of these records was digitised ‘by cye’ with & sampl-

ing interval ot 1 sec- The digitised records were then subjected to spectral analysis,

wave by wave analysis and Tuckei’s analysis.

The tiue response of 4 1
SBWR which can be determined P
by comparison with wave rvider S
bucy (whose response is assumed
asunity in the range 0.051t0 1.0
Hz-Draper, Humphery and Pitt,
1974) is at best approximated
by the (ibeoretical) iesponse
function (see Fig. 2), formulated
by the manufactuiers (10S. U-K-)
for the range 0.05 10 0.20 Hz. ‘
The approximation is not at all
valid outside the aferesald range

RESPONSE FUNCTION

--=-=~ Theoreticol Response
. Assumed Responsy
e—a—t Van Aken 8 Bouws {1974)

as has been reperted from actual °:
compariscn runs with wave sider

buoys. Based on the results of [fjp 2,

0l oz 03

FREQUENCY (Hz)

Response function for shipborne wave recorder.
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Van Aken and Bouws (1974) and Darbyshive (1961) (Cross reference: Van Aken and
Bouws, 1974). thc prescnt authors have consiructed thz (assumed) response function
for the SBWR installed on board RV Gaveshani (Fig- 2)- The (assumed) response
function is displaced (downwards) from the response function of Van Aken and Bouws
(1974) because of the difference in the depth of installation of the sensorsin the two
cases (2.1 m in 1he former and 1.5m in the latter)

Spectral analysis was done by the FFT method (Bendat and Pierscl. 1971)-
Table I piesents the specifications of the technique used-  Windowing in time do-
main as suggested by Leblanc, Middleten and Milligan {1975) was incerpeiated- The
power spectral densities (PSDs} were scaled up to compensate for rteduction in
variance of the tapered data relative to coriginal data.  Noise removal was eflected by
deducting the mean PSD in the range 0.4 Hz (which is the cut-off frequency of the
SBWR) 10 0.5 Hz (which is the Nyquist frequency fer 2anpalog records) from each
PSD- The PSDs weie then scaled up to vompensate {or attenuation by making use
of the (zssumed) response function (see Fig- 2) for SBWR. The diflerent moments
(m,, mi. my, and my) weie calculated from the PSDs in the rvange 0.04 1o 0.40 Hz
and uscd te compute the following pavameters:

Significant wave height, Hme=44/m,

Zevo cressing periods,  Tmpr=my/my; Toge = (myim )iz
Crest period, Ty = (My/m,)1/2

Spectral width parameters, Es=[1—my¥/(mgm,)] 12

r=[mpmg/mP—1]12; vy = [1—my¥/(mg-m,) ]I

(==

Peakedness parameter. Qp=(2,-m03) (_)[' S#(f)df

(where S(f) is the PSD)

Wave by wave analysis was done using the zero upcercssing method. Each
wave was cosvected for attenuation using the (assumed) response fuaction shown in
Fig- 2. Waves having stcepness gecaler than 1/7 were ignoied-  The following para-
meters were calculated:

Significant wave height, Hu;

Mean wave height. Hmean

Zero ciossing period. Ty

Significant wave peiiod, Ts

Crest period, T,

Spectral width parameter, Er= [1-(T /T )2]V*

Mean stecpness., Smean

Characteristic Steepness, Sa= H,/(gT.//27); Sz= H/(eT:4/27)

Tucker's analysis was done using the method of Draper (1966) and various
parameters including significant wave height, H,, were caiculated.
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RESULTS AND DISCUSSION

Gaussian Dismribution: The confidence intervals ascribed to estimates of PSD
{See Table 1), arc based on an assumpticn that the PSDs fellow the Chi-squaie
(X¥ distribution- This assumption is valid only when the sucface elevation
follows the Gaussian distribution (Borgman, 1972). Fig.- 3 presents histogram of the
normalised suiface elevation (uncoivected) and the thecretical normal  distribution-
The X° test of goodness of fit yielded a value 15.55 which is Jess than the value
of X%q, with 20 (since no- of intervals=21) degices of fieedom indicating that
there exisls no evidence to reject the hypothesis that the surface elevation follows a
Gaussian distribution.

Rayleigh Distribution: Theovy (Longuet-Higgins, [952) vequives that normali-
sed wave heights follow a Rayleigh distribution. Fig- 4 presents a histogram of
normalised wave heights c¢btained from wave by wave analysis and the theovetical
Rayleigh curve- The fit is reasonably good and the shape of the histogram, in
essence, is s'milar to the on= obtained by Longuet-Higgins (1973).

In th> piesent study the ratio Hig/Hmean has a mean value 146 with a
standard deviation of 0.04, the mean value showing a depaituie ol less than 9¢,
from the theoretical value, 1.60 (Longuet-Higgins, 19525

Speciral analysis and wave by wave analysis: Fig. 5 presents computed spectia
and scatter diagrams obtained from wave by wave analysis of waves observed
on (@) 10-9-1980 at 1200 hvs representing fair weather conditions and () 17-9--1980
at 0900 hrs vepresenting rough weather conditions. It is seen that the results of
the two methods of analysis are 1n agrce--

ment- While the spectia give an idea of — No- of waves
the peak frequency and the vorresponding 104 =2814
energy at the peak, the scatter diagrams 1
give an idea of the most frequently occui-
ring periods and the stecpness associated 0-84 N -
with the corresponding waves. T N
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Table I, Specification of spectral analysis techniques.

Type of Digitization Data Logger By eye
No. of points in each ensemble 512 256
No. of ensembles 4 3
Sampling interval (scc) 0-43866 1-0
Total record length analysed (min) 14.97 12-8
No. of frequencies averaged 3 3
Type of window used Cosine taper Cosine taper
Frequency resolution (Hz) 0-013491 0-011836
90% confidence limits (of PSD) (0-66 PSD, (0+62PSD,
1-73 PSD) 1-92 PSD)
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September, 1980 represents fair weather conditions is seen from the typical wave
spectra presented in. Fig. 6 for the period. The spectra show peaks at periods
around 16 sec (i-e. 0-0625 Hz) and at 8 sec (i-e- 0-125 Hz). Both peaks arise from
swells because wind speed in the locality never rose beyond 10 knots during this

period, and, as such, wind waves are expected to be absent except at high frequen-
cies {above 0-25 Hz)-

During the period 16-18 September. 1980 wind speed at times exceeded, 30
knots duc to a moving tropical storm (Fig- |)- The spectra presented in Fig- 6 foi
this period 1¢present wave conditions prior to, during the growth of, at the
climax of, and during the decay of the storm- It is observed that the swell peaks
have vanished and a wind wave peak at a peried of 8 sec has formed. At the
height of the storm a salient feature in the spectra was a peak at a period of appio-
ximately one minute. Very likely it is an artifact awing to slow drift oscillations
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Fig. 6. Typical wave spectra.
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of RV Gaveshani avising out of its mooring (Gaul and Brown, 1967; Naess and
Borrensen, 1977)- If such is the casc 1the peak could be ignored as it is well sepa-
rated from the gravity spectrumi- However, this one minute oscillation, might
improbably, be a faithfuily representation of the actual sca staie, which might have
arisen becausc of nonlinear interactions between sea waves and swell (Munk, 1962),
in which vase it is an infragravity oscillation. Ou and Tang (1974) report an infra-
gravity oscillation in the Straits of Taiwan.

Hisrory of stormi: The history of the growth and decay of the wave speci-
rum as the storm moved past the area of study is depicted by the frequency-time
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Table II. Relationships between various parameters.
Y=a+bx; r?=Coecflicient of regression

Y x a b »2
I-lmc) H1_/3 0‘09 1'08 0.98
H. Hy/, 0-24 1-00 0-86:
Tm?(')l TZ 0'38 0' 81 0'3(3)
Thigae Tz 1-11 0-67 0-
Tmioz Tc 0-90 0-92 0-89
Ties Te 2.04 0-49 0-88

1/8 T e —0-03 4-92 0-93
52 Smcan . '—0'0023 t- 29 0‘94
S3 Smcan —'0'0026 l M 26 0~ 87

plot of PSDs piesented in Fig. 7 modelled on a suggestion by Draper (1976). The
increase in spectral densities and the shift of energy in gravily waves towards lower
frequencies is clearly seen as the storm progressed- The subsequent slow decay is
very conspicuous.  Alse observed is the rise in energy at very low frequency at the
peak of the storm-

AL around 0400 hrs on 17-9-80. when the eve of the storm was nearest to
RV Gaveshani, (Fig- 1), Hus and Q attain peak values while E; falls to a mini—
mum, as cxpecled (Fig. 8). Secondary peaks in H,,, arc not significant. E. (not
presented) generally increases slowly from 0-38 at 2000 hrs on 16-9-80 to 0-66 at
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1400 hrs on 18-9-80- The parameters v and » also nct presented, shew conspicuous
minima at 0300 hrs cn 17-9-80- It may be remarked that with the availability of
Jarge and fast computers, the wave speclrum can be easily determined where from
the half value bandwidth, RB (Houmb and Overvik, 1977), can easily be computed,
if desired, thereby making the controvevsial classical concept of spectral width
parameter (E;, E,. v and ¥1) obsolete-

Relationships:  Table Il picsents lincar relaticnships (obtained by the method
of least squares) between coriesponding parameters computed by different methods
(spectral analysis, wave by wave analysis and Tucker’s analysis)- [t shows tha
Twm:01 underestimates T, by about 20%, which is in agreement with Goda (1974)
It alsc shews that Hme cverestimates Hys by 8% in contrast tc 129 underesti~
mation reported by Chakiabaiti and Cooley (1980) from an analysis of waves ob-
served with a SBWR during a storm in the North Atlantic.: Houmb and Overvik
(1977) (from a study cf wave rider observaticns in the Nerwegian Shelf) and Goda
(1974) (using capacitance piobes in Nagoya port) repert that Hmg overestimates
Hyis by 5%, and 67, respectively- This is in accord with the present work: Theo-
retically Hyss is four times the standard deviation in surface elevation (07¢). It is
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Fig. 9. Wave spectra using different windows for 17-9-80, 1930 hrs.
(No. of degrees of freedom =36).
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Table III- Properties of various windows. (T is the record length.)

Main lobe width % increase in width %% main lobe to side
Type at 1/2 power of main lobe lobe ratio
points ‘Leakage’

Rectangular 0.88/T 0 22
Cosine taper 1-03/T 17 5
Hamming 1-33/T 51 0.7
Hanning (Tukey) 1-44/T 64 2.
Blackman 1-64/T 86 0-12

obvious from the table that ncen-application of attenuation coriection would result
in about 25% underestimation in H,’'sz.

Effect of windowing: The changes in the form of the spectium as a result of
varying spectral band width duc to the use cof different windows (sec Table IID) is
shown in Fig- 9- Frequency resclution is highest for rectangular window and least
for Blackman windcw. This vesults in higher and narrower peaks in cvase of rect—
angular window, and in lower and wider peaks in case of Blackman window. As is
seen from Table 1II the choice of cosine tapered window is a compromise between
frequency resolution and leakage- It is cbserved that except in cvase of Hmpand Qp
which change masginally, the remaining parameters (of which only a few ayz shown
in Fig. 9) vemain almost invariant under usage of different windows.

SUMMARY

Surface elevation follows the Gaussian distribution:

Wave heights follcw the Rayleigh distribution-

Of all the spectral width parameters, E. is the least reliable.

Hmp overestimates Hi/g by 8%-

Twat underestimaies T, by about 20%-

H; overestimates H,ys3 by about 0.25 m-

Windowing has only marginal effect on the wave pavamciess computed from
spectral analysis.

ACKNOWLEDGEMENTS

The authors ave most grateful 1o Dy S Z. Qasim and to Dg- V.V.R. Varada-
chari for their keen interest. Sincere thanks are due to Di- 1.S. Sastry and 1o
Shri L.V. Gangadhara Rao for their guidance and constant encouragement. The
authors are indeed indebted to Di. B.U. Nayak and Shri M-J. Varkey for their
valuable comments and helpful discussions. They are thankful to Di- R. Sen Gupta.
Shri P-M.A. Bhattathiii and other colleagues on board R-V. Gaveshani for their
invaluable assistance in the systematic coliection of data. The authors thank Oil
India Limited for the financial input.

REFERENCES

Bendat, J.S. and A.G. Piersol, 1971, Random Data: Analysis and Measurement
Procedures. John Wiley and Sons, New York, 322-330.
Borgman, L.E, 1972. Confidence intervals for ocean wave spectra. Proceedings of

13th Conference of Coastal Engineering, Published by American Society of Civil
Enginecers, New York, 1: 237-250.



WAVE OBSERVATIONS IN MAHANADI BASIN 249

Chakrabarti, SK and R.P. Cooley, 1980. Ocecan wave statistics for 196! North

;\Ot(lianltlsc stl%rin (closure). Journal of Waterways, Port, Coastal and Ocean Division,
: l— .

Darkaviraj, S.K. and S.K. Sackar, 1978. Design wave hecight and wave period of
waves at Digha.  Indian Journal of Meteorology and Geophysics, 29: 541-546.

Draper, L., 1966. The analysis and presentation of wave data-A plea for uniformiry.
Proceedings of 10th Conference of Coastal Engineering, Published by American
Society of Civil Engineers, Tokyo, Japan, 1: 1-11.

Draper, L., 1976  Revisions in wave data presentation. Proceedings of 15th Conference
of Coastal Engineering, Published by American Society of Civil Ellgineers,
Honolulu, Hawaii, 1; 3-9.

Draper, L., J.D- Humphrey and E-G. Pitt, 1974. The large-height response of two
wave recorders.  Proceedings of the I4th Conference of Coastal Engineering,
Published by American Society of Civil Engineers, Copenhagen, Denmark, 1:
184-189.

Gaul, R.D. and N.L. Brown, 1967. A comparison of waye measurements from a free-
floating wavemeter and the monster buoy-  Transactions of 2nd International
Buoy Technology Symposium, Published by Marine Technology Society, Washing-
ton, D.C., 473-494.

Goda, Y., 1974. Estimation of wave statistics from spectral information. Proceedings
of Internotional  Symposium on Ocean Wave Measurement and Analysis,
Published by Offshore Technology Conference, New Orleans, 1: 320-337.

Houmb, O.G and T. Overvik, 1977. On the statistical properties of [15 wave records
trom the Norwegian Shelf. Technical Report, Division of Port and Ocean
Engincering, The University of Trondheim, Norway, 35 pp.

LeBlane, L.R., F-H. Middleton and S.D. Milligan, 1975. Analysis and interpretation
of wave spectral data. Proceedings of 7th Annual Offshore Technology Conference,
published by Offshore Technology Conference, Houston, Texas, 3: §19-823.

Longuet-Higgins. M.S., 1952 On the statistical distribution of the height of sea waves.
Journal of Marine Rescarch, 9: 245-266.

Longuet-Higgins, M.S | 1975  On the joint distribution of the periods and amplitudes
of sea waves. Journal of Geophysical Research, 80: 2688-2694.

Munk, W., 1962. Long Ocean Waves. In: fle Sea, Vol. 1, edited by M N. Hill, John
Willey and Sons, New York, 647-663.

Naess, A. and R. Borrensen, 1977. On experimental prediction of low-frequency
oscillations of moored offshore structures.  Proceedings of 9th Annual Offshore
Technology Conference, Published by Offshore Technology Conference, Houston,
Texas, 3:7-11.

Ou, §.H. and F.L W. Tang, 1974. Wave characteristics in Taiwan straits. Proceedings
of International Symposium on Ocean Wave Measurement and Analysis, Publi-
shed by Offshore Technology Conference, New Orleans, 2: 139-15§.

Sathe, P.V., Y K. Somayajulu and V.V. Gopalakrishna, 1979. Wave characteristics in
the western and northwestern Bay of Bengal during the southwest monsoon of
1978. Indian Journal of Marine Sciences, 8+ 263--265.

Srivastava, P.S.. P.K. Vijayarajan and M.X. Joseph, 1970 Monthly wave characteristics
of Bay of Bengal. Indian Journal of Meteorology and Geophysics, 21: 111-114.

Van Aken, H.M. and E. Bouws, 1974, Frequency response of the shipborne wave
recorder. Proceedings of International Symposivum on Ocean Wave Measurement
and Analysis, Published by Offshore Technology Conference, New Orleans, 1:
281-300.

Varadarajulu, R- and M. Hari Krislina, 1979. Wave characteristics off Paradip port.
Indian Journal of Marine Sciences, 8: 68-72.

Varma, K.K. and P-S- Srivastava, 198]- Swells off Paradip during southwest monsoon,
1980. [Indian Journal of Marine Sciences, 10: 180-182.



