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Baseline Study of Breaking Waves Period and Height
Conducted at Fongafale, Funafuti, Tuvalu
Analysis of the Daily Observations
Over a Three Year Period: 1985, 1986, & 1987
INTRODUCTION AND BACKGROUND

The sea and swell observations taken at the Funafuti
Airport is a cooperative effort. between the Government of Tuvalu,
the New Zealand Meteorological Office in Tuvalu, and CCOP/SOPAC.
It was begun in November 1984 and daily observations are still
being made. The first year of data was reported in CCOP/SOPAC
Technical Report No. 56 dated 24 February 1986. Three years of
data are now incorporated in this report"

Technical Report No. 56 contained the monthly tables of
the daily observations taken during 1984 and 1985. A discussion
of the methods used to measure the wave height and period are
given in that. report. The methods and thos~_~ata will not be
r·C'·pc·c'i'":!t.E:,(jhf.-?I'-f.~t n , Th(·:·~ d aiLv obS:iE"r·V,:1ti.Df1~', t.ak(·.?ndur .i. nq 1.986 <:'.rlel
1987 are given in the following report.

OBJECTIVES
The objective of this report is to update the previous

,.- ':.:.:.(.F·'!''''.:. a. n d p j" E,:~,:;(o:~n t, ':".n .::!. n c(1 y'3 i ~:; o·f 1:. hi,.:.) t h I'" E·:E:: yEo' <:t ,..•.s: C){ b r" E' <". k (~)1'''

observations. The data is expected to be used in the design of
shore structures located at this latitude in the South Pacific,
provide baseline date for planning marine acti.vities, and for
c.:c.i"njJ.:::\I·:i~:".Dn\,,1.1:.:1'1 thf'? out put; o·f \'·Ja.\/I::·)modE·l.~,;tha.t pr-E·)cl:i.cl::th(2 I,"I<3.V(-;?,

c: 1.j en·':~.t E; :i. n ·t ~"j ,~:.:~I ~, C) u, t·. h F' -:'::\C :i. f i. c II

PERSONNEL PARTICIPATING
The wave data analysis was made by the Ralf Carter, Marine

Scientist on the CCOP/SOPAC Staff; The breaker observations were
made under the supervision of Chris Rogers, OIC, Meteorological
Office in Tuvalu and various members of the staff. Support and
ass~stance was provided by Mr. Saufatu Sopoanga, Secretary
Ministry of Commerce and Natural Resources in Tuvalu.

METHODS AND EQUIPMENT
TI')F' in('?t.hudfCII'" bl'''ei:~k(~~lr'Ob·:':;E;t"·Vii:lt.i on "·Ji::l.S"J de::icrr' i bE.'di n d(2tai I

in Technical Report No. 56 and will not be repeated in this
,-f·:·!liUt....i:.:. :~3cijnl:? mCi(::!:i.·fic.:;lt:i.nnsi tel thE'!~:jClft.\-\j a r e h.::1'v·f~bl:::!f:!n miii(df.:~to
Facilitate the handling of the data and the graphical



presentation of the data; however, general method and formulas
;"'O:":·,nE'.in u.nchc:\nqE?d" The"!:i.905 <::Ii::\t"'''.t··~·:;.S ""€:;pl'''ucE:':;;:;(:2c1a.nd t.hf:~t.hi··F:~E~

years of dat~ were averaged su they weigh equally in the results
':~.:.~i. .\/ ('.7~n "

The locsti on ,::;+ tt'H:,,'o!::i~::;E~I'''vc:d::!.onst.:yl.:i.on(F'iq , :1) if:::cln 'U'lH

east side of the airstrip at Funafuti, so the wave exposure is
~rum the north through east and to the south. As the observer is
Ilear sea level it is difficult for him to determine the direction
0+ the waves. The occasional reported direction of southwest,
northwest and ever1 west indicate that a strong wind was from that
direction on t.hose days.

The eli::\.":i:\ :i.~::; +:i.J.eclon f Lop py disk by mont.h a.lie' ySi',\I'''"ThE'
.;;i.·I:t"".c:hf:?d tab !.I=:~S of de"::i"'.iii.f·f!~ i clE:'nt5.·f i f2d i::'.~': (·?:i. t.1·p"'I"d aiI y
observations or arranged data. Each month of daily observations
wore sorted on wave height and are listed in descending order in
t 1'''11:0' a.l' ..t·...3rlqi:.;cld':::'.t: i;;\ t.,;;,\b 1 i:'~<.:';" GomE: mon'tl''',·",h i3VE) 1':\ rn i \:",S;;:i. nq f"c)~'i01'" d av
of data. The percent < value is calculated on the actual number
of days for which observation are available" The averages are
elso calculated from tMe available davs of observations.

Thi;':' ;;).\If:.:I'-.':\'.:,:)(','; ::;)·f th,,'.' '...lr.!pf:::'I~ onf:,....·th:i.l'..d ~'iavE·hei.ghtf:' '::'~i::\.ch month
W2S used as a wave height parameter (not to be confused with t~e
1..:.':','..:.',':'.'1. ~"':!I'.Jn:i.·;::i.CdllL1/'.ii':\.\··C' h,,,,,:i(.Jhtf;:]I''' ,:'. g:i.ve:nv·l"'\\/''') c on ditton i , Thi:?
I'·'c:'p !')~:..t. ~·:·?d ;:·:t\/~·?r·a.q E" 1/,./-::)\/(::.:., t", f::' i. q ~it. ~"~a.~:~·(;11 ::~C) thE~ averw .:3.qE~ ob ~:~E:or'\/E'c! I."'~·:?-.\/c·:~

!',c'; (}"1 !:: .~: or ti 1at. me)"",t. !.; ,. 'T'hF'~::;f." ,:~ \lE!,!''' i::lg€'.": mur',t;hl Y va I u.e·:::; ~"ier'E' tl",(:.':n
:;,. ".1 ' ..,'1" ,,';,tj E,j f or t.!' E:' t. hv·f?!E:' yE:.:::\f·:;;,to q:i \!e a.1""! :i. n d :i. t>"t: i. on of th ';:) ~"Ji:~."'/E~

climate at Tuvalu. The maximum and minimum values were the
."-,;:;\ 't i..l_~:~:::;. !.)b ~;;(1f'\l F.'d d I.Jr'·:1.f") q t. hE·: mori t. h d.n d Lh ('?f!~:.('::' mori t;h 3.';/ \/ El.l Uf'::t~:.we:I'~E~

':::I·./f·"·..·.:,'.(]C·'ci\'CJ.".. thE:: t./", I'"'''''<.'; ve e..rss , ThE v'alui'2r-F.'pDt ..t.f.-~d ,,~~::.thr·? morit h I y
6. \" :.~!,.. ':·".C!0:',' up pel'" en I=?..·..t..h i. rd ',-it'•.\"f.~ !''',;.;~:i. q h t i:3.ppf~.::;.I''' !:'; t.o b ':''j i:'!.l:i(Jut.1" ::.:;q
tir(les tt'lP fnC)ntt"lly .~verage wave tlsightn A valLl8 o·F 1"5982 is
often used to estimate the significant wave height from the
average wave height of a given wave condition CU.S"Corp of
Ef-I~:}:Lr-;r2t:-:~Y~s) "

RESULTS

The daily observation listed by month and year for all of
1 (?H(., .:'!.ne'tlll'''OI..lqh NO·'..lf.-:·:mlJel'":i.n191]'7 c\I'''f?q iven in thE: 2:5 .:':).tti".chr:~d
tables. The December 1984 data was used to complete the 36
m(J!·lt.h~,; ov ::::;Y!~:<:!!'''f'';of i:1.\'f~l"'·c\q!:?dd,'::\ti:I1'''t::pC)I'''·tE:din th/,;:!+i.qur·E~f::;"Thf2
same data sorted according to wave height is also given in
!'ilc)('rt:.hly t''''(.bJ.E~'::;' f rom 1,'.JhJ.ch t:.h('·~ma.}(imu.m l'Jd.\/f'~ hf'2:i.qht,mini murn ~",av('''!
height, average wave height and period, and the average breaker
height indicated.

The three year averages of the average monthly wave height
.:::·r-:d IJE':''''':j uel ·:::'."·f" qi VEe'!"! (Fi ()" 2)" TtH" mi:t'·( i. mum i::\Vt-:!I'''·''<.l.:jf? ~·1·::".V£'! he i ght.
(')(J Lit' .. ,....E'd t !'l {~il.\ ~:J'..!.:::;-1:EII"H::! 'lJ" 0:) min i m u.m in J t:t 1''',u.i:ir v " The 'AIi::!V e IV2 i qh t; ~::;
D.·if:',· a.'Jed bC·~t.hIE\t-?n (l. 47 i:~nd :I., l::;~ mf?t:···E~~::.. Thf~ max I mum 2\iE)I'''.;:lt;'!e \"!,3.\'E!

~••l' \ ii1d;; :::>1,,:?':i"~ .;;:~;~·:~(::ur·)d:::; W~·:).::5 in .J(:\r·ll...i.~:\r~·~l; hC:j~~.JE.~""/E:~r~,t:~"lf:,:1 v.:::\lLlr:=~::} ·fC)F"

,.J i:~.n1.).,,\.,'" ';i , F='""b ,.-U.,':u' ''/ " a.n d 1'1,,1."" c h " 1 1 • ~?'7;. 1 '1. " 26," an d 11. 24 !3f~C Oil d ~', d :i. d
flcd. dif·ff::~t"· ~::;iqni+:;.c:a.!"d:.lyr.ThE~ ~'~vT,r"aqe mont h ly !ria\·'I"~:Jt-~r-iC)d \'J.:.;\f:';

tJf:·~·:':.l;·'JF:~{·::~I-!f3" r]r.;:' e.n d 1.1" ::~'7 ~:")f~c:c)r-!d~;:.:...



Th e- t.hr-E?lay'2<:\ 1'" max i mum \f-laVeperLod , lD.74 sE'c:onds DC:C:' ...I.rT·E~d

:i.I'·1 .J,~·,.rl!Ji:\r-Y1.98~.5. Thl2 thlr'f21?yl?i:U- av€·?r-'''.ql?max imum I'··!D.VE·~ p eriod ,
:!.~:!,,9:1. SE?cC:H'ld~_:;\f-l"~.~:;E:11,:50in ,J,::.\nl..lBY"y (Fiq .. :3), and thr:::~thr-f.:?!:,}YE!ar"
minimum wave period, 3.58 seconds was in January 1986. The three
year average minimum wave period, 5.63 seconds was in .June. The
mi~imum three year average maximum wave period was in September ..

The three year maximum wave height, 2.63 metres occurred
in July 1986, and the three year average maximum wave height,
2.02 W2S 21so in July (Fig. 4). The three year minimum wave
height, 0.05 metres was observed in January 1985 and November
:1.986. The three year average minimum wave height, 0.15 metres
I;\t ..~':~~::. i n ,J ~':'~.n u. E;\ ,:~ -";l ,.

DISCUSSION
In Technical Report No. 56 emphasis was made on the

:i. !"q;)OI·"t;:\['lCE~of h avi nq s:;E?vE:'r-,3lyr;?~.r"'::iD+ I,.Ji:1V f.;: clb~::.f=t"·v<:d:iC:H'1~; to
characterize the. W~VE climate for a given location.. While three
years of data are much better than one to smooth out the effect
of single events, three years is teo short a time period to
establish reliable baseline conditions. However, as would be
anticipated a certain amount of definition of the wave pattern is
no~ appearing. The maximum wave height shown in Figure 4 now
indicates that there may be only one period rather than two
periods of maximum wave height a~ seen in the 1985 year' of data.
Th ;'.:;": 1'·10 p ~,~E:ik p E~I-':i. od s; erf (li.:;,)< i mum \",I,::\\/ehEd.(]h t of 1"'li:1y .::l.nd flc;t.ob E'l'"

now appear as a single peak in'August. Dther smoothing trends
c :";:~.n b t·::, t:':' i< p E~C t. !~.:.~d "

The months of March and August were selected for
E!,e!:i i t. i on a,I c:ornp ,,:,>X' i s,;uP::.;.PH.lC!'J!: I.: \•.1<::\ S S,iE?I (:.~ct,,~d -:l!S em E? of th E? mOITI:.hs
i.:!,:::,·c: ':':\I,,!.',Sf.'"t.I')\'·'; 2Vr::,r' ·'::\9f.:':':E:lile!mi r',imum ',·laVE!h e i (Jht pe2\kf.':!d<':'>.t. th':;;'.tt imf;~"
<J! 'Id t.1-,,·:~;:1. \.' E'I'" i3.9f:? il"i,,:'Y :i. mum \·'Ji:l.\/f:c: hei qht, 1·.Jh i 1 (.?! in Ju.1.y!, i, ;:; C IOSE~ to
that time. The average three year maximum wave height was a
mi.n i n'H.'.in in /·1i;).I"ch"ThE: t.hl·(;::t~ yE"::'.lr';:;; o-f f.jb~:;E:~I'''Vi:....t::i.onS:if or: tl'-":":''';e! tl'~D
months w~yP averaged from the table of arranged values on a daily
b <iI,;:;;:i !':'!' a.i·;d t: I',c~,,·(::· d ,?d:..i;; ar:E~ ~;ilo\",1n-f 01-- P f.~P"C:(;,!i1 t of t :i. me <:l. i;J i ven v <11U.F-

is not exceeded for a given wave period and given wave height
(F:i.i::!" 1:', and Fl.,]" b)" Tl-I~~'~.:;J.OPE~ of thE:'c1<~.t:<3. -fCtI'- thi:'::'t.b!D mont h s

ar0 quite similar. The geometric mean value of the wave period
in March was about 11 seconds and in August it was abuut 9.5
seconds. These log-probability distribution curves indicate that
most of the wave periods will. fall between 6 and 18 seconds at
this location. The Geometric mean wave height for March was 0.52
metre and for August it was 1.12 metre. The wave height varies
ii!u.c.I·,'ne!'-!;,,: t,:h,::\f'l t.!'!(,,:., V~·:':\Vf,? IJf?r·:i.od , IYlo~"'tof "!:.he\A,IE:\\"e~3":'.ppl'''Oi::\chinq
th:i':,:,ddE:: D·f FLLi,~\fl..lti\"iou.J.d be: ~2~'1J,=~c:tf.?dt.o be bet.v~E.'t:~n"2 arid 2
nl~~·t2~S ir~ t,eig!'1'lr

_ ThE; i:::,\·'('.':I"" .:::;qc;I,'·!a.\/E' hc:iqht C)·of tl'lE:~upp er onf.·?....t.hi rood C)·f the
1T!CiI\t.h) Y IA·l·;.lVC' h ~:\j qh t.~; I"-li::\~; c:"i.1cul c!,t.ed arrd iE· P 1o t, t:. f.?c! t·"! it h tl-IE~
average monthly waVE period in Figure 7. This wave height
parameter like the average monthly wave height plots a much
smoother curve than the average maximum wave height shown in



r.;·'"lnIH·-p.., 4 Tho r",-!'-·:.'iTiE't'''''I~ r'l"~':""'<= dur i 'lg ~1'lg'lc::t·and i <::: ;:~~- :::, rn i n i mumI • ','.1 •••••.••• n 1"'" t.:'. (.;~ It.. •• t.. t. '1;.. <:; •• t·,.J ~ ow. .w'.. ,-1 _'. \ .•••• :2' t.. I _ • ..:> wOo ~_ '0_' ••• .1. 0_' f I

in January. There appears to be a more-or-Iess ~teady increase
in wave height between January and August then a similar decrease
in wave height from September to Janwary.

CONCLUSIONS

The conclusions reached in this report are based upon only
thl'''('2(~~Y("~i:~.1'-!:';o'f <::·(2i:7\ and !:;~~Jt,)llDb!5(~I'-'vation!:;at FuneFut i arid m<:\ybE~
modified as more data becomes available.

1. The program should be continued as the characteristics of
'!::,he ann 1...1a I lAlc:I,Vf2 c I :i. mc:l.tf.'-;!;;'ppea.rtel ~:.ho~"s:,iqn i·ficarrt chan qe
as more data becomes available.

2. The conclusion that a seasonal pattern of wave period and
1'1f.,', l' '-'1 1"\'I- ;;. ~,: 'j .;:;+- <: ':' '1- I:', 11'1;- ,f i d- 'i I'" 1=.\ ;::, ch "',d 'f t" n ('M '1- 1'1 (:,~ 1C" R ~::. v r:,: •• , N- "'f••••• ~ .,. _\::;~ •..• __ • ~ •••• , toO ••. ~ _..::\ .w ••.• ,., 'M' •••• _. ~,_ ._ II ~. ,.. , '1._ ..J 1 \.~~-;Al t. ••

data is still true; however, there are some shift in the
m(:)nth~;i",'!!H~n t.hr:7) (0):.(t. I'" f2iiH:e c orid it i on s occur ....

./:, Thr::,' I"j:·'\'€-, l::lpr'j fJf'{<:; (')b"~,f:."r'·IF"c1 <:'11(";·'1"-"'<:'1" t.h e t ~:;\"F']'I j "0:, 1"1"'(:::', l·.I;::V':::'
N' tI > M" •• ~.. ,_ •••• _, _. ..,1 ~_r _.. •••.• ~. "...... •••j. •.•• :J -.":11,::; _) ••• • c _ _r •• ~ •• '.. • _,. 'N I .... . . ~.t . ~..

that is being observed, and that swell is generally
p~esent and masks local sea conditions.

4. The wave period is typically between 6 and 15 seconds, and
·3ViE;:r",:tqe:!Ei ':::ir-ou,ncl 1m :::(;?o::::ond:;'i.. ThE~ ~"a,VE) hei(jht. :i~::, t.yp:i,c;;;illy
between .2 and .9 metre in March and .6 to 2 metres in
(.~tJ t,:;' tJt:~::-t: '..
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1. The views expressed in this report are those of the Author
and do not necessarily reflect those of the United
!\Ia.t i ern <::;.

2. Mention of any firm or licenses process does not imply
endorsement by the United Nations.
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