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Statistical analyses for longterm distribution of significant wave heights were performed using
Lognormal, Weibull, Gumbel and Fretchet distributions for waves measured off Kakinada from June
1983 to May 1984. Fretchet distribution showed large scattering in the plot resulting in the estimat-
ed extreme wave height on much higher side. The extreme wave height estimated based on Lognor-
mal distribution was also relatively higher, while the Weibull distribution gave relatively lower values.
Gumbel distribution appears to estimate the extreme wave height reasonably well and gives a realistic
value for the study region. The extreme wave estimated based only on the monsoon wave data devi-
ated significantly from the estimate based on 1 y wave data as expected.

Extreme statistical analysis requires a large wave
data base for a longer period. Nevertheless the
available wave data are often only for a limited
duration, and it becomes inevitable to arrive at an
estimate based on such limited database. Kakina-
da is a minor port town along the central east
coast of India. Wave climate over this region is
dominated by southwest and northeast monsoons.
Severe wave conditions are common during the
cyclones, which are quite frequent along the east
coast. In the present study wave heights have
been analysed for obtaining longterm distributions
and extreme value statistics for this area.

Longterm wave statisticc—Longterm wave sta-
tistics describes seasonal or annual wave condi-
tion, often by the cumulative distribution of wave
heights. Assuming that the wave frequency spec-
trum consists of a relatively narrow band of fre-
quencies and that the ocean waves are the result
of the superposition of many sinusoidal compo-
nents with a narrow band of frequencies, but of
- random phase, it is shown that the probability dis-
tribution of wave heights must follow a Rayleigh
distribution’. Several longterm wave statistical dis-
tributions have been used!. The following are the
4 common types of longterm distribution sugges-
ted for describing the characteristics of wave
parameters:

Lognormal:
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Weibull:

P(H)=1-exp[— H;E)a] 2)
Gumbel:

P(H)= exp [—exp - (I%*Em )
Fretchet: P(H) = exp [- (fo-f)] @
where, P(H) = prob [H(

ulative proba-
bility function, a“shape paramns 0= scale
parameter and ¢ = location parameter.

The difficulty lies in determining how good or
bad the adopted type of distribution would be at
a probability level beyond the range of the curve
fitting since this can only be obtained by extrapo-
lation. It is a common practice to express the
probability of occurrence of extreme events in
terms of statistical return periods. The extreme
wave is the largest wave expected to occur in a
return period, generally corresponding to the life
of a structure. The return period (R,) is expressed

as,

R,= A1~ P(H)] ... (5)

where, Ar=time interval between consecutive
wave observations expressed in years.
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Datawell wave rider buoy was installed at 90 m
water depth off Kakinada (long. 82°28'E; lat.
16°42'N), and the waves were recorded for 20
min duration for every 3 h from June 1983 to
May 1984. From the analog records of waves,
significant wave heights were estimated using the

Tucker’s method?. Significant wave heights. were

grouped at 0.5 m interval and the cumulative
probability values were estimated. A computer

programme was developed to fit the probability

of occurrence of wave heights in Lognormal, Wei-
bull, Gumbel and Fretchet distributions (Eqs 1-4).
The extreme wave heights for various return peri-
ods were estimated using Eq. 5. As the waves
were recorded in 3 h interval, Az in Eq. 5 was
taken as 3 h.

Various distributions for 1y wave data are
shown in Fig. 1. The line of best fit obtained by
the method of least squares shows considerable
scattering of data in Fretchet and Lognormal dis-
tributions. Weibull distribution shows a reason-
ably close fit except in the lowest range. Gumbel
distribution however shows relatively close fit
over a wide range of observed values. Ochi® has
reported that Weibull distribution does not satis-
factorily represent distribution for the lower range
of significant wave heights, and the lognormal dis-
tribution for the higher range. The measured ly
wave data show variation of significant wave

heights within a narrow range of 0.5 to 3 m. Se- -

vere storms or cyclones did not occur during the
year under study. :

Extreme wave heights based on different. dis-
tributions for return periods of 10, 25, 50, 75 and
100 y are presented in Table 1. Fretchet distribu-
tion shows unusually high extreme values (11.66-
2341 m) as compared to other distributions.
These usually high values and the presence of
large scattering of data in Fig. 1 indicate doubtful
applicability of Fretchet distribution to the data
under study. Larres* observed that as an approxi-
mation, the extreme wave height of 10 y return
period would be about 1.39 times the highest an-
nual wave height and that of 100 y return period
would be about 1.78 times the highest annual
wave height. As per this thumb rule, for the high-
est annual significant wave height of 2.6 m, re-
corded during the study period, 10 and .100 y ex-
treme wave heights would be 3.6 and 4.6 m re-
spectively. Weibull distribution is very steep line
of best fit (Fig. 1), and the extreme wave heights
for 10-100 y return periods vary within 3.1 to 3.4
m. Estimated extreme wave heights as per Log-
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Fig. 1—Various longterm distributions for 1 y wave data

Table 1—Extreme wave heights (in) based on 1y wave data
Return Period Lognormal Weibull ~ Gumbel  Fretchet

(y)

10 497 3.10 3.68 11.66

25 6.54 322 3.94 15.37

50 732 331 4.15 19.01

75 7.58 3.35 426 21.36
100 7.72 3.39 434 23.41

normat. distribution are 4.97 and 7.72 m-for re-
turn periods 10 and 100 y respectively. Gumbel
distribution gives wave heights of 3.68 and
4.34 m for return periods of 10 and 106 y which
confirms fairly well with the relationship reported
by Larres*. Based on the present limited study, it
appears that Gumbel distribution is more realistic
for extreme value analysis for waves observed in
the Bay of Bengal.
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o o Tablé 2—Extreme wave heights (m) based on seasonwise
o.9ss] © Fair weather wave data using Gumbel distribution
& SW Monsoon Season Return period in years .
O NE Monsoon a
0995+ .10 25 50 75 100
. o 9 Fairweather ~ 3.99 429 452 464 474
0.99- (Feb.-May) ’
i y | SWmonsoon 381 404 423 433 441
gese- - ian S‘éiémer {June-Sept.)
B - NE monsoon 3.35 3.64 3.79 3.89 3.97
§Q95_ A SW Monsoon {Oct.~Jan.)
fa
= 0.9+
3 A fair weather (February-May) and analysed inde-
£ o6 pendently by Gumbel distribution. ‘
o Longterm distribution of these wave h_elghts fqr
2 3 seasons as obtained by Gumbel distribution is
3 presented in Fig. 2. Extreme wave heights for re-
E %97 turn periods of 10, 25, 50, 75 and 100 y are pre-
© ~ sented in Table 2. It is observed that the design
a2~ , - wave heights arrived at, based on fair weather pe-
0.1 4 riod waves and southwest monsoon waves, are
. : higher by about 1.09 and 1.02 times than that es-
ol timated based on 1y data. The extreme wave
0.001 ey height for northeast monsoon wave data is low
05 ! ts 2 25 3 and is about 0.91 times that estimated based on
Significant wave height (m) 1 y data.
Fig. 2_——Gumbel distribution for seasonwiSe wave data Authors are thankful to the Director for the en-
couragement.
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