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LONG-TERM WAVE CHARACTERISTICS OFF
TRIVANDRUM
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ABSTRACT

The available atlases of averaged visual wave statistics of the Arabian Sea provide
wave information which differ from one another. A comparative study of the long-term
distributions of significant wave height obtained from these atlases is made for an area
off Trivandrum. The long-term distributions of significant wave height are tested with
Weibull, Gumbel, Rayleigh, Exponential and Log-normal models. The best it is obtained
for Weibull probability density function. Over estimates of peak percentage frequency
of occurrence of wave heights amount to less than 11% and under estimates less than
13%. The return period of the maximum significant wave height (75 m) obtained from
N.P.O.L. atlas is 2.27 years and that from N.LO. atlas (5.0 m} is 1.71 years. Average
maximum significant wave heights to occur in a 5 year period are computed using
Weibull model for combined sea and swell statistics separately. Nearly 95 % waves lic in
the height range 0 - 3.25 m. The most frequently occurring wave heights for overall and
monsoon data are 0.75 and 1.00 m (grid 17), 1.33 and 1.75 m (grid ) respectively.

Key-words : Wave statistics, long-term wave data, wave climatology.

INTRODUCTION

Wind waves provide the major dynamic forces causing changes in physiog-
raphy of the nearshore regions. Increased marine activities like offshore mineral
and oil exploration, utilisation of wave energy, construction of marine structures
and harbours, shipping and naval activities require accurate information on wave
climatology. Visual observations of wave heights form a good source of statistical
information available for the prediction of extreme wave conditions.

Ship based visual observations reported by the India Meteorological Depart-
ment in the Daily Weather Reports for 0830 and 1730 IST were used in the wave
atlases prepared by the Naval Physical and Oceanographic Laboratory (N.P.O.L.)
using data for the periods 1960-1969 (Anonymous, 1978) and by the National
Institute of Oceanography (N.I1.O.) for the period 1968-1973 (Anonymous, 1982).
The N.P.O.L. wave atlas includes both sea and swell statistics while the N.1.O. atlas
provides swell information only. The wave parameters provided in these atlases
are height, period and direction. Long-term distributions of wave height and

* Department of Mathematics and Statistics, Cochin University of Science and Technology,
Cochin - 682 022.
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direction, obtained from grid 17 (5°-9°N, 73°-77°E) of the N.P.O.L. atlas and grid 1
(5°-10°N, 75°- 80°E) of the N.1.O. atlas were compared by Muraleedharan, Nair and
Kurup (1990) . The present paper tries to study the monthly variations of long-term
wave height (Hs) distributions and the return periods of the maximum significant
wave height off the Trivandrum coast.

MATERIAL AND METHODS

Long-term wave statistics obtained from grid 17 (N.P.O.L) and grid I (N.1.O)
enclosing the area off the Trivandrum coast are considered in this work (Fig.1). The
monthly observed long-term wave height (Hs) distributions are examined and
compared with the available theoretical models. Weibull, Gumbel, log-normal and
exponential distributions are generally used for this purpose. Rayleigh distribution
has also been suggested as a useful model for long-term distributions (Dattatri,
Raman and Jothi Sankar, 1979; Baba, 1985) . In this paper emphasis is placed on
fitting the Weibull curve for all data, the motivation being that wherever the data
follow exponential or Rayleigh exactly, the Weibull also does so and moreover fits

15 .
) MANGALORE
N GRID NO.17
GRID NO. T
10}
5. L] n‘ ©
70 75 80

Fig. 1. Map showing grid 17 of N.P.O.L. atlas and grid 1 of
N.I.C?, atlas used in present study.

Table 1. Monthly percentage frequency of occurrence of waves in the height range 0-3.25 m
Sea/Swell Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Swell

Visual 97.5 100.0 100.0 100.0 955 885 935 935 985 100.0 100.0 965
Weibull 955 100.0 100.0 100.0 975 860 97.0 96.0 99.5 100.0 100.0 985
Sea & Swell

Visual 98.0 98.0 100.0 99.0 975 985 985 960 96.0 985 985 995
Weibull 985 99.0 100.0 100.0 99.0 990 990 950 96.0 99.0 99.0 995
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reasonably well for observations that follow other positively skewed distributions
such as gamma, log-normal, extreme value etc.

In the present investigation, the long-term distributions of wave height (Hs)
obtained from grid 17 (N.P.O.L.) and grid 1 (N..O.) are tested with Weibull,
Gumbel, log-normal, exponential and Rayleigh models . The method of maximum
likelihood has been used in estimating the parameters and the goodness of fit is
ascertained using X2-test at 0.05 level of significance. A comparative study of the
observed percentage frequency of occurrence of wave heights with the theoretical
curves is made (Fig. 2). Monthly percentage frequency of occurrence of waves in
the height range 0-3.25 m is estimated for the visual and theoretical (Weibull) curves
for the above grids (Table I).

In view of the fact that of all the models, the Weibull distribution provided the
closest fit for Hs in majority of cases in both deep and shallow water conditions,
there is a strong case for using it as the basic model for wave heights (Hs). With this
point of view, several wave parameters of interest are derived using this particular
model. Accordingly, the chances of average maximum significant wave heights to
occur in a period of 5 years are computed for both the grids with respect to annual
and monsoon seasonal data using the relation,

Hs (max) = oflogt /") 1/*
where {=5 years, n=1 month and 6 and A, parameters of the Weibull distribution
specified by the density function,

f (h; 6, M)=(A/0) (h/0)* expl-(h/0)*], h>0

Apart from likely maximum heights, represented by Hs (max) it is of interest
to calculate the probabilities of such wave heights to re-occur in designated periods
of time. This is provided by the formula

g=m xe ™ [Hs(max)/o}*
where m is the periods of time proposed for a re-occurrence. The derivation of the
expressions is given in the appendix.

RESULTS AND DISCUSSION

In respect of the swell statistics (Anonymous, 1982), the Weibull model fits in
50% of the cases followed by Gumbel in 41.5% and Rayleigh in 8.5% of the cases.
On the other hand, for the N.P.O.L data (Anonymous, 1978), adequate fit could be
realised only in 58.5% of the total cases. Of these, 25% each accounts for the Weibull
and Gumbel models and 8.5% for the Rayleigh. Even in data where the Weibull fit
was rejected, it was due to the presence of one or two abnormal observations, rather
than the incomparability of the model with the whole data set. Such discordant



10 MURALEEDHARAN et al.

values may be the result of bias in visual observations. The overall analysis suggests
that the Weibull distribution offers a uniformly good fit.

A comparison of the visual wave height distributions with the theoretical
distributions as shown in Fig. 2a-f indicates that the Weibull model effectively
explains the different sea states. For both the sea and swell dominated conditions,
Weibull conforms to the wave patterns observed in February, April, June, July,
September and November and of swell prevailed sea conditions, in January, March
to August, October and November. At the same time, the Gumbel distribution
provides a better explanation than the other curves for the rest of the monthly wave
height informations in both cases.

From Fig. 2, it is seen that Weibull overestimates and underestimates the peak
percentage frequencies (difference in observed and theoretical peak percentage
frequencies) of wave heights to a maximum of 10.5% and 12.5% respectively. The
respective figures values for Gumbel and Rayleigh are 20.5% and 10.0%, 8.0% and
14.0%. While the Gumbel distribution estimates the peak frequency with a higher
kurtosis, Rayleigh curves underestimate the peak frequencies.

It could be observed that the distribution of the reported percentage frequency
of occurrence of wave heights show a broad band of wave heights for swell
dominated conditions than that for sea and swell combined sea state. A change to
broad band is observed during southwest monsoon season. (grid 17, Fig. 2). The
Weibull model explains the varying wave patterns (N.P.O.L., N.1.O. atlases). The
values obtained from this model for the monthly percentage frequency of occur-
rence of wave heights less than 3.25 m are in accordance with that obtained from
the atlases (Table I). Nearly 95% of waves have heights less than 3.25 m for both
combined swell and sea, and swell data.

The maximum wave height reported for the sea and swell combined conditions
as given in N.P.O.L. data is 7.5 m and the return period is found to be 2.27 years .
For the swell dominated sea state as presented in N.1.O. atlas, a maximum wave
height of 5.0 m is observed and its re-occurrence is given as 1.71 years. The
probability of a 7.5 m wave (N.P.O.L.) to occur within one year is 44% and a wave
of height 5 m (N.1.O.) will return within a year with 59% probability. The averaged
maximum significant wave heights to occur in a period of 5 years calculated from
Weibull model for sea and swell (N.P.O.L.) statistics (grid 17) for annual and
monsoon seasonal data (June-September) are 9.60 m and 9.63 m respectively. The
respective values are 6.19 m and 6.00 m for swell information (N.1.O.) (grid I).
Grouping of data into annual or monsoonal does not show significant variation in
these results. Dattatri (1981) arrived at similar results using recorded wave data
off Mangalore harbour. The most frequently occurring wave heights for the annual
and monsoon data are obtained as 0.75 m and 1.00 m respectively from the
combined sea and swell statistics. For the swell statistics they are 1.33 m and 1.75
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m respectively. Wave power off Trivandrum estimated using recorded data
(Thomas, Baba and Ramesh Kumar, 1986) showed better agreement with that
derived from swell data than from the combined sea and swell data
(Muraleedharan, Nair and Kurup, 1990). Visually observed wave information can
thus be effectively used in wave climatological studies provided that the wave
parameters are statistically treated and theoretically obtained wave statistics are
checked with those obtained from recorded wave information.
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APPENDIX

Analysis of return periods:

The largest significant wave height (Hs)L that appears in a period of time will
follow the distribution specified by

Gih) = expunioie? [1- 2xp 1;:)"\]

The probability that a specified value (Hs)max is exceeded is therefore

~Ci-2xp(- Hgle
Pl(Hs)L >(Hs)max]=1—C[(Hs)max]—§EﬁP=nﬁﬂa)ﬂ:l/:ﬂ)l]

In a series of observations the probability that the nth observation is the first
value that exceed (Hs)max satisfies the geometric law,

(1-G)"'xG, n=123u ..

The mean of this dlstnbunon is 2 ny”
= Vi-6)= {\—[l-np-x ) ] }
m=1s= <

Thus on the average the number of observations included between two ad-

jacent values that exceed (Hs)max is ,(-G.) { D_ll‘)_w’/r)’)]h}‘l
t [(Hs)max, A, 0] = (S

This function ¢ can be interpreted as a period representing a re-occurrence of
the maximum wave height (Hs) max . This is the fundamental relation connecting
a prescribed maximum wave height (Hs)max and its return period.

Given a period of time ¢, then the probability of realising a height larger than
(Hs)max in the first m consecutive years is given by

m
g=1-(1-G) = - (1-yy"

Note thatt increases if (Hs)max increases. Hence when wave heights anticipated
are larger and larger, the return periods also become larger, i.e., unusually large
wave heights are realised only over longer periods of time. Since t is larger than 1,
binomial expansion is valid and as a first approximation,

q=1-(1-m/t)
g = meseenpnttHomen] = . pxP[_h (19 max

——————

—
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Long-term wave statistics from grid 9 (NPOL Atlas)
and grid XI11 (N1O Atlas) ofT Goa were examined and
compared with recorded wave information. Wave
directions and average monthly frequency of waves in
the period § to 8 sec (zero-crossing period) from grid
X111 were comparable.with recorded information at
Goa. The theoretical and calkulated valuves of sig-
nificant wave heights were in agreement for grid 9.
The wave power averaged from swell statistics (grid
XIII) was found to be much higher than that averaged
from sea and swell statistics (grid 9).

A knowledge of wave chimate is important from the
strategic. economic and commercial points of view. Diffe-
rent workers' < have pointed out that visual obsenanons
suggest o reasonable representation for wine chmatologs-
cal studies. Here an attempt was made 1o study the wave
climatology for an arca off Goa by utilizing the available
wave atlases and recorded informanion.

Visual wanve parameters obtained from gnd 9 (13-
17°N. 73 -74.7°E) (NPOL Atlas. 197%) and gnd XHI
137220 N0 707747 Ey (NTO Atlas, 1982) were utilized in
the nresent work ** (Figure 1) These gnids overlap over
an area oft Gou. Wane direction. wave power and per-
centage frequency of occurrence of wanes i the period
range 5 10 K osec zero-cronsngs penods trom these gnds
were examined in the hebr ot recorded mtormaton ot
Goa . Zero-crossing penod s the inerage ot zere up
crosaing period (the ume ditterence between two con
secutive points at which the wanve crosses the mean sea
level in the upward directions and zero down-crossung
period tthe ume ditterence between o consecutive
points at which the wave crosses the mean sea level e
the downward direction). Wave power was calculated
uning the relation

P = 055 HET,. o

where P iy the power available on a random sea”. H_ the
significant wave height and 7 the zero-crossing penod.
computed from the relation”

Tg = 1.3T,- 25. 2

where Tg s the significant wave penod. The wave heighis

793
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and wave periods published in the atlases may be con-
sidered as H_and T_ respectively. In two recent anicles "%,
it has been confirmed by empirical evidence that the
long-term frequency of wave heights follows a Weibull
distribution function

Fiv = 1 - exp(-H/o)" 3)

where O is the scale parameter and A the shape parameter
of the model. Accordingly. with the Weibull distribution
tor wave heights. the significant wave height (H) and
one-tenth the highest wave height (H, ) were computed
trom the model and compared with values obtained from

— Compued (H,) A,

id XIll (NIO

L ol M, il Gnid Xl (NIO)
. e Computed (o)
T Theoescal (Hyyp)/

Figure 2 Munthly vanatwom of computed and theoreixal values of H.b
and th wave heights 1m)
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Table 1. Companson of menthly predominant wave direction off Goa

Gnd 9 Gnd X111 Recorded
Month  «NPOL Atlav)  INIO Atla). _ _information
Januan N W and M) W)
(N and NNE)
Februan I INNW) IMINNW S ONW)
March N I NNW) S INW)
Apnl W0 (WNW) W0 (WNW) AUSINW)
May W0 WNWY 270 (W) JISONW)
June 27000W 240 and 270 270¢W)
\ WSW and W)
July 2400 WSW) 24 (WSW) 2700W)
Augusl 700N 230 (WSW 2700w
September TN 240 and 270 S INW)
(WSW and W
(% toher IUNNW 240, 2700 and 30 270N
(WSW. Wand NNW)
N ember 80N 36 (N) 23W)
December N W INNE) 9 Ey

Table 2. Companison of the average monthly percentage trequeny of
wares in the period range S-8 woeonds.

Averaged ‘& of occurmence of waves

Daa Nov-May June-Out
Sea and Swell Atlas 770 750
Swell Atlas k6.0 L
Revorded 9.0 -

reported wave information (Figure 2).

The monthly wave directions published in the NPOL
Atlas (grid 9) and NIO Atlas (grid XIII). and the direc-
tions obtained from recorded information" off Goa are
given in Table 1. The directions of wave approach from
both the atlases and the recorded information are in
agreement during different seasons.

A comparison of the average monthly percentage fre-
quency of waves in the range 5 to 8 sec (zero-crossing
period) is given in Table 2. The values obtained from
grid XIII are found to be closerto the recorded informa-
tion *.

The monthly distribution of the computed and predicted
values of H,, and H,,, are given in Figure 2. The wave
heights obtained from sea and swell statistics (grnid 9)
provlde much lower values compared to those obtained
trom swell statistics alone (gnd XIII). It is interesting to
note that the theoretical wave heights were always greater
than the computed values. The theoretical values deviate
much from the computed values during the southwest
monsoon. This deviation is greater for H, , than for H, ..

Figure 3 gives the distribution of monthly average
wave power for two gnids. The sea and swell statistics
(grid 9) give an annual variation of wave power ranging
from a minimum of 1.41 kW m ' in December t0 a max-
imum of 14.55 kW m ' in July. The s%ell statistics (gnd
XI1ii) give a vanation ranging from a minimum of 3.15
kW m ' in March to 2 maximum of 4698 kW m ' in
July. Table 3 gives a comparison of average wave power
for annual, fair-weather (November to, April) and rough-
weather (May to October) seasons. The swell statistics

CURRENT SCIENCE. VOL. 59. NO 16, 25 AUGUST 1990
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Figure 3. Distribution of monthly average wave power.

Table 3. Comparison of wave power for annual. fair-w cather and rough-
weather seasons

Wave power AW m'!)

Data Annua! Fair-weathr Rough-weather
Sea and swell 1.6 22 1.1
Swell 131 4.6 216

provide much higher values of wave power than the com-
bined sea and swell statistics. The low values obtained
from sea and swell statistics mayv be attributed te the fact
that rough sea~ are avoided by ships and the information
i< theretore absent in the data.
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