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Accurat e manne foreca s ting IS central to 

the s u ccess of our e ndeavours at sea. 

Improv e d forecasts are se t to flow from 

the Southern Ocean Wave s Experiment, 

writes Bryony Bennett. 

Ocean wavt"' may oc quiet rippll'' lappin~ 
the "and~ ot bay•ide beaches, or rearing 
monstl'r' that turn ocean )'acht race<> into 

outsized ~urf rl'p;.llta~. Either way, they 
graphical!) rcfll.'cl the ,~rl'v.liling atmo~pheric 
conditions. 

As~e~'ing wave height• at the lvc<~ l beach 
may help ll' decidl• whd hcr N not it's ~afe to 
la u nch the ~urfboard, ca tama ra n or dinghy. 
Ma rine prcdicticms made by meteorologis ts and 
oceanographer,, howcVl'l', c.lll b~ vi tal to the 
safety and cffici,•ncy of A1"tra lia', marine 
industry, c'tim.lh.•d to bc worth S.l6 billion 
annually. 

More accu1 flt~ m,1rinc foreca~t i ng, 
particular!) in rl.'l.111<1n to 'tonn conditions, i~ o,et 
to flow from f•l'ltl oh'''" ,\loon' performed two 
ycaf'i ng(' off Tthm,lnltl', ... ()uth-\vt:'t coa ... t. Thl•o..c 
were part of the Stluthern ()ccan Wave'> 
Experiment (S<JWCX). ,, joint project between 
CSIRO, the Univl'r~ity of Nl'\\' South \Va le~ and 
the Na tion .ll A,•ronJu li •· ~ .1nd Sp.u'(' 
Administra tion (Ni\~A) of tlw United State,. 

Ana ly~ i s o f th,• d .ll.l cn lll.'c lt:d d uring the 
o.lxp erimcnl h~' hdpc•d 'ci,·nti'h to under,t<:lnd 
in detoil how the wind genN.ltc' •urface wave'. 
T his re-as~c~~mcnt or the wind / wave 
relationship (r<'pre,l!nll'd ,,, ,, numerical formu la 
in ccunputc-r nukit~l, ..... ~..·d in •n~lrine foreca-.,hng) 
rdntcs not only I<>"''"'"· but lt• the pre-diction of 
near-surface curr,•nh, .llcurding tu Or Chri' 
Fandry from the C~IKO IJi,· i~ion of 
Oceanograph}. 

' \l'h• know th.1t there'-. a <,trung correlation 
b<'hH't'n the '"nd and the ocl!an curr('nb 
(e~pec1.1llv near the surface), but the c~.1ct 
procc" by which winds drive current- '' ,IIIJ 
unccrt.-lin/ Fandry ..,ay~. 

' it'' prob,lbly ~ n~'ult of breaking "'"""'· A' 
wave .... .,rp,·pt-n ilnd break, the t..'nl~rgy 1 ... 
lrcln~f~r.•rn•d lo the..• water column, t:,1u .... in~ 
curr<·nh . Th~: phy:. ic:. of thc:.c proc~:"c' i' very 
ct>mplicil tcd, but we need to underqt,lnd them '11 

Lhcl l we Ctln derive the rna then-.aliClll ""\"lll •llion-,. 
which arc thl' b.:~~ i ~ or wave and currc:nt 
prt•diction model-.' 

I he new information collected in thi'> project 
i< c'pcctcd to 'ignificantly improve regional 
m.uine forecasts and high sc.h \\' Mning~ 
provided bv private companic., .1nd nrg,ln· 
i-.Hion' 'uch a~ the Austraii.Hl Bun•.Ju of 
!lhHt•oml<)gy. Thc'c regular force,,,._ .ue rcl11:d 
upon b\' ~h•pping, fishing and off,horc oil and 
m1ninA andu~l rico., .. and by recreational '-rlllor .... 
'urfa:or' ~·uld an~ler;_ 

Untkr-.t.lllding the acrt1dyn.lmk dr.1g tlf the 
'-l'll "urf.tc:t..• '' of pdmnry ilnpvrtancc in clim.ttc 
.uHI mnrinc fo rcc~•ti ng and in coa,tnl 
<'llgim•,•ri"A· yet ih rcl~linn~hip to tho: "iml '' 
,t ,Jinnl Wl•ll undcr,tood, Fandrv ,ay-.. 

1\to,l pcople know of aero.dy,;amic dr.lg '" 
the colltl'\1 of car de<>ign. The ccmccpl " '""''M 
ovt•r tlw ,,.,, . Tht• wind will be '>lvwed down 
whl'll the: ,e,, " rouAh .. , he diUercncc betwccn 
car' .md the 'ea, though, i• that the wind actu.11lv 
crcatl'' tht• roughness at the se,, surface. ._, 
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Gas platform breezes through Cyclone Orson 

I n 1989 Ausrraliis srrongesr recorded cyclone p:u.sed directly 
over Woodside l'ecroleum's North Ranki n gas producrion 

platform. T he platform stmainc·cl no major damage; ir was 
des igned m safely wirhsmnd the ' l 00-ycnr rcrurn peri od 
storm', and Cyclone Orson c:1 mc do"' tO this evem. 

In destb'l>tng rhe pbrform, Woodside's engineers had taken 
rnto account predicrions of rhe srrongt•<r cydone ever li kely to 
<><-Cut in the Norrh-We.r Shelf region. Scicnri<ts had advised 
that the pbrform should he built to withstand the comhined 
force caused by surf:1cc: currents of about rwo mcrrcs a .second, 
.1nd rhe J()Q .. yca r maxim um single wave heigh 1. These 
prc:JicteJ ~.:onditiom. comprise \\•h:u i.s known as rhe 'de.;ign 
\'.llu~·. 

The currents gcncr.11ed by Cyclone Orson 's 280-kilomctre
.Ul-hour winds and 1 7-m~rre wJvc..o;-. however. were measured 11r 

le"-' than the dc.lign value rhor projeeted for Norrh Ran kin. 
Dc•ign value... rc.\ult from predicrions ha>ecl on knowledge 

or p;~St dimatic CVCOLS j 11 the 3fc:t; of intC1"3Crl01lS: berwecn lhC 

Jtmospherc and se.o: .md of rhc fnret•s gencrnred hy rhcsc 
int~r.at.tion~. T heir level of J.ccuracy is unccrrain, and a.s ~• 
r~•ult, o!T.Iwr. platform• arc designed ro wirhStand forces 
btrongcr than du:y wiii encounter. 

The totl.l force exerted on a stnJcrure in the ocean is n 
comhinJtiu n of the wa\'c: .and s rorm · c urrenr loadings. 
A~,;corUingly .. my work rhat improves storm c;u rrcnr ~rim:ues 
will lessen the cosr of mnnne srrucmrcs. 

Simulation of currents forced by 
, , 12oooeot83 Tropical Cyclone Jane, 1983 
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A technique called hindcasling is used to predict the 
severity of waves and currents caused by cyclones. 
Historical records and climatic and oceanographic 
models are used to predict the biggest storm likely 

to happen. (ms = metres per second) 
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Woodslde Petroleum's North Rankln gas production platform: designed to safely 
withstand the '100·year return period storm·. 

Most ex i ~ting models assume 
that t here b a simple relationship 
betwel'n sud~cc (up to 10 mctrl's) 
wind ~peed a nd wind fo rce, which 
is a major factor driving lhe ocean 
currenls. But this does not account 
for thl' existlmcc of <urfa<"c rough
ness (or waves). 

Fandry says the reliabi lity of sea 
state forecasts and s urface current 
prediclions, par licularly for very 
s trong w ind forcing a nd high ~ea 
states, wil l s ign ificantly improve 
when the portioning of wind energy 
transmitted to the waves .md the 
s urface currents is better known. 

Information abou t wave and 
curn:nt behaviour during l'vcnts 
such as tropica l cyclones is central to 
the efficient design of offshore oil 
and gas production platforms. 

' We develop models hert! thal 
predict the currents associated with 
cyclone~ in diffl!rcnt parts o f the 
world.' Fandry says. 'it's the storm
driven curren ls and waves thal the 
design engineers are most interested 
in because !hey produc-e lhe biggesl 
currents nnd wave'{.' 

An offshore platform designed 
to last at least 50 years must be 
strong e no ugh to withstand any 

storm that's likely to occur in al least 
t·hat time-frame. For example, the 
design of the new Woodsid<! 
Offshore J>etrolcum platform at the 
Goodwyn location recenUy sited off 
Australia's North-West Shelf is 
cril icnlly dependent on knowkdgc 
of ocean waves ~nd currents that arc 
like ly to be caused by tropical 
cyclones. 

The scien tists employ a 
techn i,que called hindcas li ng to 
make the necessary pred ict rons. 
l listoric<ll records of atmospheric 
condi tion,; in the region arc used to 
estimate the biggest s torm likely to 
happen. Thi~ information is 
combilll'd wit h what is known of the 
physical relationships between sea· 
state, wi nds and currents to predict 
their behaviour in a 'worst case 
sce.na rio'. 

ll i' ~ uspected, however·, lhat 
these predictions often lead to 
unccrt., inly about the sever ity of 
likely waves and near-surface 
currents (see box story). This can 
lead l<> engineering ·overdesign', at 
grcill cost to the petroleum 
company. 

'What (the predictive models) 
they' r·e using at the moment is by no 



nle(UlS acCLuatc/ Fa_ndry SCl}'S. '\"lhcn we 

fin is h ana lysing and unders tand the 
SOW EX air I ~ea interactior, p ro jec t 
res ults, we' 11 see a dramatic improve
ment in the forecasting of near-~urface 
currenb.' 

Petroleum com panies a re not t he 
sole beneficiaries of improved wave and 
current pred ic tio ns. T he for·ecasls w ill 
improve genera l ocean weather 
forecasting m e thods a nd a re also 
n~ce;;sar·y to chart the safes t and most 
fucl-cffici<•nt course for s h ips (se<' box 
s tory); to safely rescue boats and people; 
to make o il-<pi ll trajectory <lud ies; and 
to enhance prediction~ of g lobal climate 
variabili ty. 

Storms in the ocean 
Central to the s uccess of the Southern 
Ocean Waves Experiment has been the 
cl1oice o f the Southern Ocean as a base 
for the fi e ld measurements. 

Scientists often cal l the Southern 
Ocean a ' natu ra l laboratory'. Much o f it 
is covered by big waves (the b iggest in 
the world) drive n by westerly winds 
cal led the ' roaring forties' and ' furio us 
fifties'. S to rm,. MC a l,.o C<) mnll)n. 
£xpcrimcntin~ in these cond itions is the 
next best thing to laking meteorologica l 
Jnca.surcm('nt'.;:; in tropica l cycloncco. 

CS I RO's Fokke r F-27 r esea rc h 
ai rcra(t, s pecia ll y in ~trumcn t ed to 
aneasure w inds, \Vave.s and ahnospheric 
condit io n,, fl ew e ig ht mi~~ions fro m 
l loba rr airport to selected locations off 
r.,smania's west COiiSl. Each flight leg 
w ,J> up to I 00 k ilometres long to 
rniiHmise the ri sk of statist ica l 
uncertainty. While ~ome rtights were a l 
200 m and 800 rn, n r>u mbcr o f low-lt!vel 

Wave models in action 

Wave ;uu.l currc:nt prediction~ art the basis of hig businc$5 for inrem:uion:ll marine wearher 
forecasting company Ocean routes and ir.s- Ausrrali:m consuhing :arm Sreedman Science and 

Enginecrins. 
Oct"Wt<lut«S, from it.> ollicc~ in Europe. rhc Uni recl Sr:ne,. Asia. Ausrmlia and rhe Middle Enst, 

pro"iJes about 1200 route rccornrncmlations a rnonrh to mnre rhan 700 shipping firm< worldwide. 
The term ·,hip-routing' Jescribcs the tcchni~uc of planning and guiding vessels on transocean 

voy:rgcs tr.>ing the principles of mc<eorology. occanogr.~phy. naval archirecnrre. <hipping. economics 
and navig.uion. 

Oceanroutc5 provides d1e ship's master with :1 rm1rc recommend::nion supponed by a wearher 
forecast before departure. The recommt:nd:uion aims ro provide du! mosr economic and safe 
pJSsagc for <he ship in light of weather and sea cond itions and is reviewed and modified as 
net:t.'.!.Sary throughout 1hc voyagt:. 

The ..:nvirunmental fuctor;s u.St'd in preparing a ruurc rt:commcndnrion include atmospheric 
pressure paucrns :and storm p:uhs: wi nds. sea. ~'"\veil :md currenrs~ hurricanes. uopical storms and 
typ hoons; localised and 5casonal wea rher; sea lee, icehergs ancJ -;rrucrurnl ice; :1nd ~ir/sca 
tcmpernrure. Derail,; of the vcssd nnd irs cargo and nre al.o comidcred. 

Weather forcca.<rs m:rdc by Oc.,nroure.< for ship rouring are hased on models for forecasting 
winds and waves around the globe. Derailed. local forecasts for offshore oil operations are :rlso 
prepare.! hy the company. These arc hascJ on widespread mereorologi01l ob«·rvations, satellite 
imagery. glohal numerical model informa<ion (i ncluding wave models). upper atmospheric levd 
amtlysis and prognosis chart.~ !Tom various so1,uce.~. 

Srcedman Science and Engi neering spccinlises in rhe serring of extreme storm d~ign cri(crhl. 
This information is used rhc offshore oil and gos indusrry ro design ofl'<hore srrucnrrr.'S and marine 
pipdin~s. Steed mans also unclerrnkcs mcrcorologictl nnd occ..~nogmphic measurement services. 

Managing d irector of Sreedmans. Richard T imms. ~ay< ocean circu lar ion models from 
CSJRO's Division of' Oceanogr.~phy have been used o n abo ur 20 oil and gas dt.'vcloprncnr projects 
on tlr~ Norrh Wcsr Shelf of Ausrralia in rhc pa.<r I U years. 1-l:t• .says CSI RO involvement :tlso helped 
the company to win an intcmationally-comcsrcd conrrnct for nn oc.,nogrophic snrdy of rhe South 
China Sea. 

runs were made at a ltitudes below 60 m, 
dQpending on ~ea ~tal~. 

it is difficult and dangerous lo take 
measurements during s torm conditions, 
Fand ry says. People have de~igned 
experime n ts to gel measu rements in 
tropicn l cyc lone co 11 dit io ns, but have 
me t w ith equipment fai lure. 13ut t hi s 
tirn~- altlwug lr the Southern O ct•a n 
performed true to character - all w ent 
well for the scientists. 

'We flew as low as 20 rn over 10 m 
wave.~; Fandry say<. it was like driv ing 
~ ca r in fir s t gcn r . The p lane was 
shaking and roaring like hel l!' 

Or Ed Wa l-;h frorn NASA was in 
cha rge of t he sop histica ted, re mote
sens ing equipment on the aircraft. This 
vvas w~cd to n1t:a~urc .,udac~ roughncso.;. 
1-le loo was impressed w ith the 
performance of the Southern Ocean. 

' We found the b iggest waves I've 
ever seen in my ti le,' l>\1alsh says. ' L 
cn m c here hoping to find ~ix metn• 

Wind, wave and atmospheric monitoring 
Instruments are filled to CSIRO's Fokker F-27 
research aircraft In readiness tor the 
Southern Ocean Waves Experiment. 

waves and I got eight metre waves, and 
I got them on two occasion-;, I hoped for 
30 or 40 knot wind~ and I got 50 knot 
winds.' 

Wals h and Fand r·y ag ree that the 
range of ocean cond itio ns during the 
c~ perime rnl was idea l. This enhanced 
the quality and amount of data 
col lecte d . l~csu l ls o f t h <: initial d a ta 
ana lysis have confirmed their belief th at 
unders tanding the influence of surface 
waves is c ritical in d etermining how the 
wind d ri ves the currents. 

More about winds and waves 

13owdcn KF (198.1) £1/ry,:icn/ Occnrrogrnplr_v of 
Constat Water.<. F.llis llorwoocl Ltd, 
ChichC"ter. 
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