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ABSTRACf 

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 fit is obtained 
for Weibull probability density function. Over estimates of peak percentage freqtfency 
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 (7.5 m) obtained from 
N.r.O.L. atlas is 2.27 years and that from N.l.O. atlas (5.0 m) is 1.71 years. Average 
maximum significant wave heights to occur in a 5 year period are computed u~ing 
Weibull model for combined sea and swell statistics separately. Nearly 95 % waves lie 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),133 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 infonnation on wave 
climatology. Visual observations of wave heights fonn a good source of statistical 
infonnation 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 1ST 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.I.O.) for the period 1968-1973 (Anonymous, 1982). 
The N.P.O.L. wave atlas includes both sea and swell statistics while the N.l.O. atlas 
provides swell information only. The wave parameters provided in these atlases 
are height, period and direction. Long-tenn 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°_~, 73°_~) of the N.P.D.L atlas and grid 1 
(50_IO~, 75°· SOoE) of the N.l.o. atlas wereoompared by Muraleedharan, Nair and 
Kurup (1990) . The present paper hies to study the monthly variations of long-term 
wave height (Hs) distributions and the return periods of the maximum significant 
wave height 0(( the Trivandrum coast. 

MATERIAL AND METIlODS 

Long-tenn wave statistics obtained from grid 17 (N.P.O.L) and grid I (N.I.O) 
endosing the area off theTrivandrum coast are considered in this work (Fig.1}. The 
monthly observed long-tenn wave height (Hs) distributions aTe 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 (Oattatri, 
Raman and Jothi Sankar, 1979; Baba, 1985). In this paper emphasis is placed on 
Jilting the Weibull curve (or all data, the motivation bein'g that wherever the data 
foll ow exponential or Rayleigh exactly, the Weibull also does so and moreover fits 

1~,----.-"r-------~ 

~ GRID /«1.17 o GllIO 1-«).1 

Fig. 1. M a'p showing grid 17 o f N.r .O.L. atlas and grid 1 of 
N.l.O. atlas uSea in present study. 

Table I. Monthly percentage frequency of occurrence of waves in the height' range (}.3.25 m 

Sea/Swell Joo Feb M .. Af" May .'m J,I "'. Sep 0c1 No, Dee 

Swen 
Visual 97.5 100.0 100.0 100.0 95.S 88.S 93.5 99.S 98.5 100.0 100,0 96.5 
Weibull 99.5 100.0 100.0 100.0 97.5 88.0 97.0 96.0 99.S 100.0 100.0 98.5 

Sea & Swell 
Visual 98.0 98,0 100.0 99.0 97.S 98.S 98.S 96.0 " .0 98.S 98.S 99.S 
Weibull 98.S 99.0 100.0 100.0 99.0 99.0 99.0 95.0 96.0 99.0 99.0 99.S 
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r'=!asonably 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.I.O.) are tested with Weibull, 
Gumbel, log-normal, expone:ltial and Rayleigh models. The method of maximum 
likelihood has bet?n 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 CHs>. 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) = a( log 1 l/n) I/A 
where 1=5 years, n=l month and a and A, parameters of the Weibull distribution 
sP':cified by the density function, 

f (h; a, A)=(Ala) (hla)A.l.exp[-(hlah, h>O 

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

q = m x e -n [Hs(max)/a]A 
where m is the periods of time proposed for a re-occurrence. The derivation of the 
expressions is given in the appendix. 

RESUL T5 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 cou!d be 
realised only in 58.5% of the total cases. Of these, 25% each accounts for the WeibllJl 
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 
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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 confonns to the wave patterns observed in February, April, June, July, 
September and November and of swell prevailed sea condihons, 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 
WeibuIl model explains the varying wave patterns (N.P.O.L., N.I.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.l.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.I.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 
WeibuIl 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.I.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 



WAVE CHARACTERISTICS OFF TRlV ANDRUM 11 

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 dimatological 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 (Hsk that appears in a period of time will 
follow the distribution specified by 

G(h)z .. p """sf G-RXp~):\Jn 
The probability that a specified value (Hs)max is exceeded is therefore ~ T\ 

,-[ '-Sllp(- "Sl~)l] 
P[(Hsk >(Hs)max]=l-C[(Hs)max]=~h."LS] 

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

0-C)"-1 xC, n=l,2,3 ..................... . 

The mean of this distribution is { ~" ) 'It "l\] -I = ',f\-6i)=l'-['-QX~ ~ J 
m = fi:b ex., n l£Uslnw /§.l 0 

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

jacent values that exceed (Hs)max is ¥. r r I l"jl )1) ]l"l}-I 
IA-I-G.) = (1- L\ -.R.X P - -10. 

I [(Hs)max, A., 0] = lite = e~-{~~6J 

This function I can be interpreted as a period representing a rc-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 I, then the probability of realising a height larger than 
(Hs)max in the first m consecutive years is given by 

m 
q = 1-(1-G) = 1- (1-1II;m 

Note that t increase:; 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 I, 
binomial expansion is valid and as a first approximation, 

q = 1-0-m/0 

q ~ .... , """'"' "W~".,l ~ ID . Rtp [: n l ~ "'at J ? 
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LonlZ-lerm "a\e slalistics from arid 9 (NPOL Allasl 
and ",id XIII (!"IiIO Atlasl oI'f (;oa were namined and 
compared "'ilh nrorded "ne information. Wa\e 
directions and a\erage monthly frequency of "'ans in 
the period S 11) 8 sec (zero-cros.~na period I from grid 
XIII ,,'ere t:umparable. "'ilh recorded information at 
(ioa. The theoretical and cakulaled "alues of sig­
nifICant ,,'a\'e heiJhts "'en in agreement for grid 9. 
The "an po,,'er a\eraged from sw'ell statistics (arid 
XliiI "as found to be much hiaher than that a\eraged 
from sea and swell statistics (arid 91. 

A ~no" kdgl." of "a\ I.' dim;l1c i~ important from Ihe 
'Ir.llq!I~, cnmomi,' and ,'omma,'ial pOilll' llf \ie", Dirk­
rl."nl "or~cr' I: ha\c pointed oul Ihal \i,ual ob,cnallon, 
'U~~"'I ;I r,',I"lnahk rcpre,,'nl;l1ion for \\;I\\.' dimaloh''::I' 
,';d 'Iud"',, Her,' an all,'mpt "a' mad., 10 'Iud~ Ihc ",1\ l' 

l'limatlllllf~ for an ar,';1 off GO;I b~ ulili/in~ the a\ ailJhk 
"J\l' alia'," and rccorded inhlmlation, 

\'I'ual \\;1\1.' parameter, obtained fHlm !!rid' ~ IH­
I"', 7,' -"7-1TEI (~POL Alia" 1471\1 and !!rid XIII 
11:' -:::!o " 70'-74'EI ,'10 Alia" 19)'121 "ere ulill/ed In 

th,' ~rc'l'nt "m~ , , IFI~ur,' 11, Th,',,' !!rld, \l\crl.Jp O\l."r 
an arc;1 lift Goa, "'a\l' dlrl."dlon, ";1\'1.' ptm,'r ;.md pt'r­

l','nt",::,' Irc4ul."n,'~ of o,',:urr,'Il,'c "I ";1\ ," ill Ih,' p.'rll1d 
r"Il'::, ~ hI )oi ,,', 1I,'r,",.-r""IIl':: p,'n\,dl tr\11l1 th,"" ~rI'!' 

"~r,' C\;lIllln,'d In the: It,.:hl Pt r,',llr,kd Intpmlatl<'Tl ptl 
(i,';1 " Z,'r,'-~'n",inf: pt'nod I' till' ,1\ ,'rJ'::" ot Il'rp ur 
cn"'lnf period Uh,' urn,' ditll'rcn~,' hl."t"cen I"" ,',11i 

'e,utl\ c pom" al \\ hil'h Ih" ";1\,' l'f\'"e' Ih,' mean 'C,I 
Ic\d in thc up"ard dlrclU"nl and lenl do"n-,'ro"lll,:: 
pcri"d Ithe time dilkrcn,l' ho..'t",'en t"\\ l'on,e,uti\,' 
point, at \\hich the ",1\1." ChI",', thl." mean 'ea Ie,d 111 

thl' do" n" ard dircl'lion 1 W,I\ ~ Pll" t'r "a' l';lkuIJt,'" 
u,inf the rdation 

II1 

"here P i~ the: JIO"er a\ ailahk un a random ),,',(, H Ih,' 
~ignift('ant "a\'e height and 7 thl' Il."fIl-l'H'"m!! p.'n,'t! 
l'omputl'd fmm the relallon-

7S = I.3Tz.- 2,5, 
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.and .... all( pn'iod~ publi~ in the alla~~ may bt con­
,id(rt"d OI~ H, .. nd T. rc~';li\·el:'t . In '\0100 rcttnl anides •. ~. 
11 ha.. ~n confirmtd b~ cmpiril"al t\ idtnce thal the 
l'lOf!-lcrm f~uenc:'t of \/Io;JH height, (allow). a Weibu1l 
I,h",ihuli,'n '"uf'l('lion 

(3) 

.... hert' 0 i .. the '>4: ate poI'amel(r and ). lhe :.hape paratTleler 

.,f the model . Al·cordintl~ . "'lIn Ihe WeibtJlI dil>lribulion 
lilT \Ioa\( h.!i~hl~ . 1h1:! :.i}!nili.:ant ..... i\e!' h('i~ht (H.I and 
MC' -tenth lhe hi~he~1 ..... ,;\'(' hei{!:hl (H, ",I ..... ('It: computed 
from lhe model :md compared .... ilh ,'alues oblained (rom 

Grid XII1 (NIO) 

r .. rt 1. ,", •• uht) un:o,,,,,,, of (\lI"r"'«' ~n" '",")~I.; .. I .. ,.h ... , of H'tJ 
MId Hy. .. ,."C hrl,hI , ,m ! 

(j"d ~ Ond XIII R~""dtJ 
\I ,>n,h "f'OL A'I~'I ,"';10 Acla" ,nf,,",,,, ,, ," . .. _-- ----- - - _._- - - - _. -
J~nll~~ .w.-.; , .'NI ~ .'It) ..... ,[, 

,N .. nd S~EI 
Itt-N~ .\.'I(I'S~'" I .'.\O,SSW, ~1~ ,:\\1.", 

"J"h .W I ,S, .\~IISS·o\" l .\I~ ,sw, 
"'1',,1 . "'1,,,,,",,,. :'tiIlIWSW, ~I~ 's ...... 
\,~~ .\rV1,v.,,,,. 210'''' 1 ~'~IS""· , 
),~ ~1u ( V.· . !-41) ¥od !1(J 210,\10 , 

"A SW ""dW , 
Ju l ~ ~ .. n,ws"", !~)I"\iS"" ) ! 1u ,W, 
"'u~u,' !~O , ..... !~I I WS"", !~( " """ 
Sql1(mhr r ~7" ,v. I :In,,,,d :70 _\ I.~ ,S ..... ' 

IWS ...... iIn6 .... I 
I \, :. >t>c-, .1111, ,";,\\\ I :-411. nil ~nJ \ .'0 :~I' , ..... , 

I ...... SW. W;arn!;'\SWI 

""<"mM .1.t>() , ;<\ I JhlIcS, :~U ' ...... 1 
........ ·(mhrr . 'HI" I .''(It;<\;<\E, "" , E • 

T.bIt 1. C\lfTlp;.IrI<,("IfI U( IhI: ~' ... r"-#t monlhl ~ J'<" ~ ... nl~l=-t Irt'lue",-! "I' 
..... 't~ ,n 11\( pc-riod ranlr ~_K ...:,,~, _ 

Sr~ ond S ... tU All~, 
S ... tlIAI~ 
R",·mkd 

",tnlN (; of OI:CIII'ft1K't Ilf ... ~'t, 
s.". -~~! Junc:~1 

11.11 ,~.O 

Kn.1I 
OJ().U 

~poned .... ·avt inr('ll1T\alion tFi~u~ 2t. 
lllt monthly .... ave dir«tions puhli~hcd in Ihe NPOL 

Atlas (,rid 9) and NIO Atlas (grid XIII). and the dirt( ­

lions obtained from ~cordcd inronnalion ltl ofT Goa are 
~i\'en in Table: I. The dir«tion~ or ""aye approach rrom 
both the atlases and the: recorded inrormation are in 
agrttmc:nt durin~ diffe~nI sU.'iOn'. 

A comparison or the avera~e monthly pc:rcenla~e rre: ­
quency of .... ·aves in the: range 5 to 8 sec (ztro-cros!>ini! 
~riod) is ~iven in Table: 2. The: \lalurs obtained from 
grid XIII are: found to be: closrr 10 th~ rttordc:d informa · 
tion ' . 

The: monthly distribution of Ihc: computed and prt'diCled 

values or H"" and H",o are: ,iven in Fi,urc: 2. Tbc: wa\·e 
hc:ighLS obIainc:d from sea and s"'-ell Slal;stics (grid .9 ) 

pro\'l<k much lower "'alues compared 10 rho~ oblaiA(' d 
from swell SI31isli("\ alone (,:rid XlIII. h is inlere ~lin~ 10 

note: that lhe: theoretical wa\·e he:ighb .... ere: al .... · a)"~ greatl' T 
Ihan Iht computed values. The: lheortllcal values «,·jalC: 
much from ~ computed values durin,: ~ sooulh .... e)I 
momGOn. This dtviatton is ,realtr for H 1, 111 than for H , ,. 

Figure: 3 ,:ives the: distribution of monthly avera,e 
wave po'Wer for two pick. 1lIc: sea and swell ~atistics 

(,:rid 9) ,ive an annwl v';ation of wave po""'~r nmging 
from a minimum of 1.41 kW m I in Dt-ttmber 10 a mall · 
imum of 14.55 kW m · I in July. llte )'\fell Slatislics (,:rid 

XIII) live a variation ran,in, from a minimum of _' . I~ 
kW m I in March 10 a muimum of 46.98 kW m ' in 
July. Table: 3 Jives a comparison or J,vc:ra,e ..... ave power 
for aMual. fair-weather (Novm1btr 10. April) and rough · 
we.uhtr (May 10 O:u:Jtxr) ~a).Qn~ . The: swell slali"lic~ 

C\JJ.RENT S<"IENf"E. VOL. :Wo NO 16. 25 AL-'Gl'ST IWI 
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FiJUI"f 3. Dislribulion of monthly averagt' wavt' power. 

Tablt _~. lompan,on of" 3\ e po .... er for annual. fa'r- .... r31her and rou~h· 

"'eal~r sea~on' 

W,)\t' po .... er tl W m·'j 
Annua! Fair-wralhr Roullh-wealhrr 

Su 311d ~"ell 
S .... rll 

.,., 
4.(> 

7.1 
21.(> 

provide much higher \alue~ of wave power than the com­
bined ~ea and swell statistics. The 10\\ \·alue~ obtained 
fT0m sea and s\\ell stati<;tic~ may be attrihuted tQ the fact 
that rou~h ~t:a, are 3\oided hy ship~ and the information 
i~ theretof<: ah~enl In the d:!tJ. 
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