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INIRODUCTTON
1 hc atmosph.rl. bound! ry layer and th. prn .ss.s which

conLrol its s!ructurc havc lccn one of th! hrjor f(lds oi
rcscarch int.rcst at thc nindcrs lnstiture Id Atnrotphcri.
andM.rincS.i.n..s(f.l.A iV.S.)sin.eitsI rnd.llonin1972
N!moous thcor.ti..l.rnd obserlatn)nal slull.\ havc b(n
carricd out in this Ijcld, witl fi.ld crpc.im.nts bcjng con-
du.t'd in scvc.alr.c.,s, mainly wiihin Sout| A!* lia,..g.
Lyons nnd a_hwc licglr (1975), RauFch (197(,), Coppin
(1977), lJ.nncy (19E1) and Chen (1987). 1]r|(rn]n(c fnrn
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lhesestL,dies shoN.rl ittobchighlydesi.abbn, obtainacccss
to an airborncobscwational platfonn whi.h corld cxplo.ea
largcr rcgion, as wcll as thc natur€ of spc.ifi. sitcs R'ilhin
thcm in a relatively short timc.

I hrough the gcn.n,us dona tions of th c la lc Dr I)onS.huliz
of Clcn Osmond, S.A,. futir.d indusirialin who tollowcd
rcscar.h d.vclopmNis at F.l.A.M.s. with htcrcst, during
19&]-i984, thc Institutc was cncouragcd to fonnulatc plans
to fur(ha ! a nd cquif a rcscar.h aircraft for ! sc in bound ary
laycr r.scarclr prcjc.ts.



"I}IE AIRCRAFT
Typical plamcd rcscarch ft'jc.ts inchd.d th., dully of

lhc.vaporatn,n froh ditiircnt vegetrt.d surli., \ ,ir rronr

Lidal flitsand bcrchcs,.s w.llas lhc atudy ot rhc 
'tn,.turcol

th(: Ihcrmal convr{tion pittcrns (rcurrinil oYcr ihc hot in
land region5 ol Austi2lia. Th.run)tu, it hts nc.!!5d:y nr

select an ai..raft hrving f..jliti.s fd safc oP..rtnrn s'ithnl
.onfincd areas, whilcin sll,F,low lev.l llidrr L,!l on. rlhi. h

at thc sann tim., would be .aPablc of b.m8 of.r'rt.,j rr
scvde t!rbulencc as.o!ld b. aniicjPatcd drrii,l btr l.rll
niehis oler th. hoi AulIrJlran iftLriot

ad.mrn,nrlmr..-Lunonrl" l'.li'.1'lt1(.'ir""r'': I

itsinstlumentation$ercth.:Iinan.ial caPabilittcsolF l A M 5

to cover noi only thc caPitai .osr, but its slbsequent haint.-
rrr.-, p,d crldrlr .r. ir *r' .o r''r''t rcn!\'f rl'' l'"
nn,,-eLqJ yprrd-v.lnPm.rlP .d' rtl-dinFtn''dl trvJf
the firstauthor) would necd b.ely totally on PrivategencP

Ii was decidcd that a Crob C-i098 motorglider would
tulfi]l all cssential oPcrational requircmcnts and still l.avc
sutfic'ent funds to allow for thc installation of.omPrchen
sive s.icn ti fi. instruhentation.Thc Cl-l09Bwasdelivercd to

the filst author jn May 1984in alermany, and the Fmiindd
o{ 1984 was used to insiall and nrst its basic set ofmctcoro
lurrcl ir.rrure...'r! r 'n ,w. 1 1/ run hrrh rl'' DfVIll
(uermdn A ru 'pd ' A;r'r't ' ( OD rpf"fl' nhor'r r! t

Mun.ii(:n. In Novcmbcr 1984, tlic C l09B was shiPpcd rl)

Australia, whcrc it ariivcd in Ni.rch l9E5

|' ':rnia ,! 'Jp._rofl- ' rr\'

Theaircraft canopcrak'underVFIt/VMC during.lay ahd

night ev€rlvhs c in Austr.lia. lrs flying charr.hYisti.s at
not atf€.tcd by rain, ilthough not dll of ri. \c,,\xs.nr thcn

r'l , rlrrr'.iurJl l\'' \'' rbl.'d' o"'..
safcty asp..rs, as th. (;11)9ll i! !.!iEn.d t() 

'tand 
hi6h..

loads lhr. normal \ingl{rlntin!d nirrrilt. Iir b..rrle to rlv
c! drin tus!ir.n.li5ions (kJrnr'trrrr' ),. i tt,lrr,rtnighlor
lo&.rthan 50{l fcct.h'!( g,.u,,,r L, \, lr ,, , !:, .'J or sPLr.i!i
pr.nrits lnvc t,ccn (,!)[imri t.!rr i] i' L L r" ' \"ir-

rClL\|l,,' ' _l'.j
As mcnrioncd al.{,r!, tlr nrri.ri,.i ,,-,r!l: rnhr:Lr

tnc i ,r-ura.1r .r '' '.r '"
ing lnvestigation oi thc tl.ncury boLrtul.,'-t Lrl.r rnd thc

ptyiical proccsses controllin{ itj str!du,e lbr this reason,

it was req! ir.d 1o be ablc tc !r'a tutu th! b, si. meterclogi.al
paramet('rs, su.h as .ir tcm Pc.aturc, hunl it)', atmosPh.ric
pressure and wind with r hiSl d.6Rt of a.curacy lo
monitor vciical enc.gy llulcs using rhe.ddy'con.lation
method, s.nus with a fast.espo.sc llm. had tobe *l.ctcd
1o yield thc desircd r.solrrtion For lhc tirsl LhrF of tn'l
abovc nentlon.{ Paramct.rs, !t.t. ot_th. lrt instn)m.nts
with a proven dcsi8n tr'.r. scl(al,d, induding two l'U00
(platinum wire b,rsc.l) l,ri,P'Yiturc ! nnrr {onc mtuntl iD

a rrlerse flow housing and a s..on,l 1)n! molnicd in a

housing optimiz(:d fo.falt rl\Ponn'],. l.yman alpha hu

midbmeter combjncd with a dPw Poini systen an.j a

Roscnurnl In.. Pr.s{ne trannln..r.
'fo measurc thc thrcL_dimcnsioril (ind ve.tor fron an

aircraft, the wind ve.td r.lativc to th. rn.raft, th. ai..raft's
attitud. (i.e. itsori$lntion in sfa.c), ii'l jG positionrlativt
to t|ccarth trrustb. kno\!n rt.ny tiltr. flc slatc ol-lho ult
mcthod {or obtaining this iniorrrli(,. i. kr ulc a comhi.a
tion oI s.nsoF mersuring tNr rtr sP..d, th. incidcnt can,slc

of thc wind rcLative k, the a,r.rift iir.l r lrscrgyn) briC
inertiai referenc. ai.l,/or navi8uli.n qt!l|n (1liq/l].J!) Af

t.rcvaludtion o{varnrus(,ltn)n(, ii ii!,l.crd.d toIt.r fivc

holc pruLre for n,.astrng thc inoJ.n.! angl.s irr rrr.lvind
and it' spccd. lhe n*in rcason ft,. this.hoi.e Lay ii thL:

rugg.dncss of lhis svst.m, ils Prcv.n Pototman.c antl its

availabillty. As thc.rsl of la{r-tyri bas.d llts/lNS wasin
.x..ss of A$120,000,.n attitudcanJ h.,rding rcl(rtn.€ sys

tcm (AHIIS) using (ahnolog)' r!r5.hos.n
inst.ad. AlthouBh thi. ,^H Il5 mcarnrcs th. attit"r" "''l tlir
body accclcrati{ )n oI rli. aircratu urdr hie\ rc.ara.y, it isnor
accurat. cn{ju81r to dd.rmnr. Lh. in.dial nnrv(rm nr oI lhr:

aircraft byint.Sratbn ofits acccl.utions for tongo. thar.P
prcrlnan lylminutL's* ithoutcardnal!Pdailrs lorno\!
rr.ntsin thcvoli.iil, rn algorithr LL'i.gPrcssur.r dltitLrdcrs
ad.l,tionil nrlor.rrion..anb.u${l ivith sllin n'!r.i,r{1racr.
To!pdatcb!.i/tnrtrl mo\tm(1lri,ltowa!.r, morr nr{l.f .nLl

cnt ini,rm.iti.!, (P()srion niing) is Ntr:ul.
Irositior l,r!: i.hi.v.Ll b) vimil naviga,n). Lsing l.nd

n.rks, such rs rilh..y inr, s, towxs,ctc.:irc{'lkJr t@ in.(tr
rlite or in som. ,r\.i, rv.ll ir.p()ttibl.. For t:\dnPlc, i'r th(

n.nrt.r ov.r s,,t... Also. in A!,slulii somc ra{ln) .r'' i,,1s

rl,.ithcr nor .\'aihtlc (tor.ranPle LORAN C) or thcir
( o!.LLg. i.. Irn,rL{, .spc.iallv (r nignls al loq'.l1ilud.

lJ.rr.J u th.!r, onsni.rations, i! was d!.nl.d thrl ih.r in
sr.ili,tnn, 'i ir (j\lll(;,\ r 'itain)n syst.nr ilrs thr, oIJr'
fe.isiblc,i'i.n.iltlnrtirn. Ih.e\fLYitn.(r$iihrf.,f'till.Ll

l

I

Th airLraft.an bc fittcd $ith a v,rilctv ol .ontiincrs for

n.Jn(,.r]o r "r ooLchrb lo nr'r'ls r"^

.h.. i r :. '. ic. l

w, n g ar.l an additional tu.l tank u inl.r ihr ritr i h.) J\rrE
'tt ,,"aaait;unat frrct trnl can b. .\.hnngr, r' lr r f'J n)r

L,. b\.,t u r( r.- _r'_l

-. , ..,,rJliL,.-rrin 
" P'.., ' '-
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syst.n has shown that th. inlorhati.Jn lrom it is n{)l only
usabl. with.crtain limitations foieind.omp!tarjons, buiis
jnvaluablc as an arca navigation system for s.i.ntiIi. his
sions and reiry ilighis.

To improvc thcac.uracy ofthc navigation,ln scptcmbcr
l9SSaCPSnavitationrcc.ivcrGatcllite based Clobal Irosi
tioningSystcm)hasbccn installcd.Thepositionfixesbased
on this systcm givc a thr.c dimensional .csoluttun ofabo!l
20m i'hich improv($ thc ancraft's capabilitics to nreasurc
the horizontal r{ind dramati.alty. Although th. space ve-
hicles rcquilcd for this syst.m arc only availablc during 8
hours pcr day at the moment, 24 hour covcre.l it'ill be
availairlc by about 1991.

Two additiona 1 parametcrs ofparamo!ni imporianccfor
mcasurcmcnts in thc ahnospheric boundary lavcr aie the
surfacc tcmpcnturc of thc land or watcr bclow and thc exact
rlying height above the ground. A ompa.t radar altimeter
yields the latter. Sin.e nost radiometers for measring the
suira.e temperature are ralher bulky ald hcavy, a novcl
relativcly small unit (Heimann) was prelcrred which has
prcven to be both .eliable and sufficjently ac.rrale for all

for som. applications it is important to have an a.curare
r..ord ofcithcr thc w.athcr conditions or th€ spp.arance of
lhearca being ovdtlown. For this purpo{, a vidco camda
can be installcd ai any of scvcral locations on ih. aircraft,
either on top of lhe cockpit with a vicwing licld straight
ah.ad, or ononcotthe wingtips, or i. a specially dcsigncd
pod localcd undcrncath thc right hand wing with the ca mera
looking for$ ard or dos'n.

Finally, it should be nentioned thatoneoftheadvaniages
of theaircraft is that special measurement requncnlcnls can
bea..ommodatedbyin(alling1h{: ncccssary instrumcnta-
tion in a separate wing pod fitted toonc of the iwo cxisting

The sensors and scientific subsystems fitted to the aircrafi
and a sunmaiy of th. accuracy, the rcsolution and the
esLimalsl rcsponse timc for thc basic mcasurcd paramctcrs
arc listcd in Tablcs 2 and 3,rcsp(tiv.ly.

As thc data-]o8gcr whi.h was used du.jngihetcst flights
in Cemany was not r.tain.d, a new data acquisirnrn and
lo8ging systcm wa! dcsigncd and built at F.l.A.M.S. and
cspccially tailorcd to Sivc a $ ide range of u sers of thc aircraft
a rcliablc, casy to usc and por{erful means to samplc, prc
ptuccss, display and lo8 the measured paranctos in flight
and on thc ground. This system enables thc pilot and/or
rission sci.ntist to proc.ss and view the sanpled par.nc-
terson lineon a T Eraphics monitor in thc aircraft and, lhus,
decide aheady dunnE thc night ifccrtain alterations of the
flight proccdures are required.
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RIiSFARCH ACTTVITIES

ThL.firsr measurcmunts madc on a rcSularbasis wer thc
cdrly norning tcnpoaturo surndings during tlro Nationai
Gliding Chnmpbnships iit Cawicr in January 1986. They
pr(^dl to tx' rn exccll$l test for more s.icnt ically onen
tatfd Righls/ ds numclous problems wiih the nrstrumenta
tnn.oul.l ba rc.tificd.

'1hc fi.st scicntifi. flights fouowed durinS li'bruary and
iUrr.h 19tl{; tor thi, Co-opontive Sca-brs. Prujr{t ovcr
 (l.laidc in which thc Itegional Officc ol the IJurcau of
Nlci.orol('gy and the S.A. Dcpi. of Environmcnt and I'lan-
ninB panjcipnicd. The study *'as aimcd at a bcttcr under-
sta nd ing of thc sqa br@zc cir.ulation in the Adclaide .egion.
As the mcasuromcnts (!uir€d nights crossing the approa.h
prthinto Adlliid. Anpoi(and flights lowq ihan normally
parmiticd ovcr thc citt spccjal proccdures and djspensa-
tions {€rc nagotiated with thc Rcgional Offi.eof thc Dcpt. of
Avi.rtiory without whosc very fricndly coopcration many of
thc fdlowing research projects would not havd bocn pos-
sibk,. For thc$ fl ighK thc instrum.nlation ol thc aircr.rft was
still vdy "{ragile" and encoutcr€d many breakdowns,
some valuablo fi.st rcsults werc achi€vc{.

thc nelt ficld prcie.l wasa pilot study ror planncd maid
rcscar.h work jn the Uppcl Spencq Gulf rcgion in South
Au$tralia. Spcncer Culf has no source of frcsh wrier ai its
head, and strong cuporation at thc large tidal naN and
bca.hes thcro has tobcbalanced by an inflos ol sca water
tlrough thc mouih of thc Culf, lcading it to be dpily dc-
s ibcd as an "inv.!v: .srurrry." To establish a saltand water
b0lnn.. oI tho Cult evapo.ation nclds 10 bc accurately
Gtimat d, a difficult pioblem with kadilio.al mcthods.
Thcrcfore, an nltcnlpt lvas made to mcaslrc thc vcrti..l
anrrgv flur{s jnd ding (vaporation of typi.ai arcns of thc
(lull watcs, tidal flats, berchcs and thc surrcunding coasi
using thcaircraft and its "mobile" .ddy<orclation instru-
mcntation. The fliBhts .nd 8rcund-bas.d mcaslremcnts
wcrcmad.in March 1986 showcd ihatbyfarthclnrlicstralca
ofcvaporainr occurcd ovcrthctidal flais and bcach arcas
wilh r€.y low evapor.tbn frcm thc c@lcr Culf watcrs
thcffs.llG and ddMsins valus toward thc dry inl,and
wh€rc scnsiblc hat flures bccan1e dominant. Dctailed rc-
sulisotthispil(nstudyatuSivcn jn Hdckorctal. (198$.Bared
on thN rlsults, a serics ,)f tuithcr licld expcriDcntr was
carricd out in l987and l98A (s{- belo$ ).

For scv..al ycarr F.l.A.M.S. researche.s had rnaintain.d
an intcrest in th. mi.ro'.limatologi.al and mic(rhetcoro-
logical (,ns.qu.n.!s ofthc clearing of nativebush dlring
thc conversion oI E!,re l'joninsula in $uth Austr.l:a ink' a

8r.at Erain pRtir.'ng iogn'n, n pru8ra'n or r.:Sionnl m.as-
uMnents (9:hsudtfcgcr/ 1e86). With thc av, i l.rbilily of thc
ainitft, morc intcnsc shrdics bccamc ftasible. Firsl, a pilot
stud v of bcii I co rvNtivc tI cnomena !{as carri.d oui in o.ly
Ap ril 1986 ( Willtfts, 1987, 19\39).'lhcr first rcsu lls hcrc the
itirtinc point of a scri, s ('i fi.ld .\p.ri'nents in tn! arca
s hi.h attractod thc roop$ahon and inloh'em.ft ol s.vqal
Djvisbn\ oll)rc CSII<O. lhL, iistl.rllol a mijor Jr)jnt siLldy
took plac in FcbMry.nd N,larch l9$8; thc sond onc is
planned for ihc sunmcr I9tA/89.

A most dcmanding rlsrarch p l(rt was cmbalk.d !pon
in April and May 1986, bcing th,: study of thc cvriF ation
t om thc Coral Sea in thc vi.inily ofJohn Brcw{y Rttf.l0nm
northasr ofTownsvillc in Qu@nsla nd . Thc study was a toint
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prciyr wirh thc Dcpt. of coEraphy of the ljnivcrsiry of
Tasmania in Hobari and had som. logistic support (rrm

Jamcs Cook Univcrrity in Townsville. Thc mdin aim of thc
study rvos to.strblish thc ruplcscntaijvity of cvapo.ntion
me)surcmcnts osnrSbulkae)dynamicmethodtbasal uPon
data ob!.ined on a moor.d platform within lohn Br.w.r
Ref lagoon, ot rhc whole area aruund thc rccf. Thc study
took plaN in.ognizan.eof thc ovorall ajns of thc wo.ldwid!
TOCA orp{riEtent (Iropi.ar Oceans and Clobat AtFos-
phse) of whi.h oncsub€xperiment dcals wjlh thc cvapora'

tion froh the tropicaloccan.

This study was a dcmanding tL\t for the small rcscarch
team. The air..aft, its $phisticatcd instrumcntation, and
requircd Sround cquiPment wcrc oF'rated rcmotely f.om
theback up facilitics lo.ated in Adolaidc.Ir had ro be flown
under quite hzardous .onditions 1o w ovcr thc ocean and up
to 40nm off sho.c. Thi! rcquircd a nothcr sct oI spc.ial pro.e-
dures and dispensations frcm thc Dcpt. of Aviation, for
instance/ thc carrying of a Iifc-ra fl, which wa s madc availa blc
hon the Royal Autsiralian Air lr$ce- Thc bwt€vel flights,
downtoS0lt. (15m) undet high sind condiijons (up to 30kt)
over thc open rean, ovcn parti.rlly aftu ted by *a sprav,
were a scvcr€ test for the tu88cdnss of thc scn$B. thc
aircraft itsclf had to bc thororghly hosed down after each
flight to rcmove thc salt crust frun thc wings and ihc

Thc flying itplf was highly cxcitin& as thc typi.al mission
rcquinrd a take off from Townsvjlle at first light in th!
moming,withloivlevolcloud ovltr thcoccan over whn'h thc
sun was rising. After a flighi ofabout twcnty minutes, the
ref appcarc{ dmugh thc holes in thc cloud . The.onl rd:fs
in the lurquoi* watq offcrcd d fantasti. vicw frcm thc
aircraft and wcrc a worthwhilc r:ward forthccffort prt into
ihc pleparations for the.xpcnmcni.

Although all inskumols and systcms had workcd trrr-
tu tly d uring the expcriment, Ihe scl back L: m€ a wek laror
ba.k homc jn Adclaide, when tlr(l h.d dck ofthegRrund
systcm lailed duiing trans.rh(i(nr rcsuiling in thc lds of
about 80% of thc uique data. Un f(,rr!nat.ly, lack of fund s a i
thc lim€ had madc il'mpossibkr to back up. Howercr, thc
rcmaining 20% gave sonevaludble insight into lheeffcctsof
thc reef on cvaporation and showcd .lcarly lhc usetulncss o I

theaircraftas a research tool lor lhis kind ol invostigation. A
eput study was conrplcted succcssfDU), in 1987.

ln Scptemberand Ortobd 1986. r hc fi.st pnrt ofth. Austri-
lianMons@nExp$iment (AMIX) r{bkFlacc inand around
Weipa on Cape York f'cninsuln in |a. North Oronsland.
Theaim rvas to study thc drvclopmcnt nrd thclilicy.lc of
Nodh Au$tmlian cloudlines whi(t form in th.drv {ison
ovcrCdpc York P.ninsuln and n('v. wcstu3rds a.rors tho
Culf of C0rpcniaria. 'l hc plann.d task for Flind.r{ air(rll
was io inter.cpt thc .volving cloudlin.s ovr the casloh
pansofthcl'oinsula and tra(! thdnduring lhdr ir.stwnrd
travel,butoutoith{-'blucbu.clu(inictroublchittln op!'.L
tions and thc aircra f vis Eronn(lcd ind(iiinitcly - in onr rf
'h.mr.,ft mo,H. o,n( .ul l.. i.'lnr .,,. llr. f^,, ., .i\r..
fr'.thisworenev.r crltd,butw'c.lcnrlyconne.t.d\!ilh
the unu$ual .lassihcnttun oi tho (i l{)96 ar n moto.Al .r.
Withonly a temlx)l.try "field" hl.phonc av.iliblc, ncsolir
tions with Canbcna wcrc painfullv dil1j.!lt and 12 (hvs
elaps€d beibrc rhe ni.craft sas p.rn,iLtrd bncl< inr() thr.iir.
Thisdid, how.a.r, not hclp much, ns !iur to rhc ract thJl r ltc
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aircraft and esprially its inboard insrtumcntation had sat
unpturcctcd in hot, humjd .onditions for so 10n6, thc su.
ccssful .orre.tion of tlc at krdant problcms .oin.id ed with
the end of thc organizcd cxperiment. Back in Adctaidc, all
prcblcms wcrc qri.kly rcsolved and sincc rhcr, n.,ither
bureau.rati. nor tc.hnical problem, hav. oc.u.rcd during
any of the followin8 operations.

Based on thc cncouraSing rcsults fiom Lhc first parrofthc
Co'opciative Sea brccz. l,rojecl ovc! Adelaid. carly in 1 986,
a se.ond part was schedulcd for thesunmer t9u6l87. Sev-
cral flighls iook pl.r.e ovcr thc .ity and off shore ov.r the
Clulf ofSt. Vinccnt and intensc ground bascd obsenations
wcre made by thc Sureau of Meteorology. A pubti.alion
covqingboth parts of the study is in prepararion. Of paiticu,
larintcrcst was thediscovcry that occasionally a vcry shal
lowlaycrofonly a fcw tcns ofmctcls depth cvotvcsoverthc
Cult whjch decouplcs thc rather strong sea brcczc infl uencc
trom thc wind ju st abov. the ser surface. Ihis porcntialy de,
.eiving phcnomenon canlcad to forcrasts ofstrung Finds at
the slrface with rcports from boats rev.iting ndarly calm

1n January 1982 the World Gliding Championships and
thc 20th osTlvconfcren.e t(Dk place at Bcnaltain vi.tona.
Thc Cl-1098 and ils hstrumentation was, aparr from being
lsed ior thc eady honing tehpe.atur€ soundi ngs, dcmon-
stratcd to a large intemational com munity of scientists deal
ing s'ith airborne ncteorological research. 9ome results
tJom carlic! studics wcrc pr.sented during the Confcrcn.e

Th. lirst full lnvolvcmcnt of the flindcrs rcso.rch tcam
rvirh a norchydrologjcally orientaied studycamo in F.bru
a.y 1982 when the group joined .esea.chcE from rhc CSIROT
Diviion of Wat-"r Itcsources (Adelaidcand Peith) io invcs-
tigate evaporation from arcas cove.ed bydiffcrcnt iypcs of
vcgatalion in the Mrnay-Darling Basin ncar Wcntworrh,
NSW. The ground-b.1scd n€sur.ments w.rc nr.dc lsing
vcntilated chambcre and.hcnical, piczomelric and isotopic
tc.hniques. A publication dcscibing rheiesutis olthc study

A s.cond ficld phaseolihc UpperSpencerCutf studywas
canicd out in April 1987, and r third, and for ihe mom.nt,
Ilnal ficld phasein Fcbruary I988, undcrmu.h hore favor-
ablc wcather conditions. llL'sults ftom borh li€ld phascs
.onlirm thc preliminary findings of the pilot stldy in I986,
but haveyi.ldcd mu.h morc dctail.

South Australia is oftcn .cfcrrcd to as the "d.icst state in
thediiest contincn{'and so thc investigaiion of aU possibte
sources ot iresh ivatcr should bc of parahount importance
hcrc. It is, thcrcforc, su.prising thafthe se.ond largcst sur
fa.c ivater rcsourc. in th. starc, thc Coope. Crcck and the
Coongie Lakcs systcm in Lhc far nodh, has bccn barety
investigatcd in thc 140 years sinc. its discovcry. With the
: n! rw .. .pport,,ic.'r.o. JrJ I t,,!d Avi.,. o..,,rapcnrc.
ivhi.h madc their lacilitics at Moornba availablc, rhc Flindcrs
r.scnr.h team was abl. to exphrc thc m.t6dogical and
hyd.ological p.c!liaritics arou nd the Coongic La kcs. In M ay
and in Dcccmbd 1987, $!o one week pilot studics w..e
cani.d out in prcpar.tion For more intcns. invcstiSatbns
planncd ior 1988 90. It.strlts from the May srudy havc al
r.adyled Loa fubli.ationdes.rjbingintcrcstingphetr(!ncna
(llackcr, 19116). Anothcroxpeditnrn to thisarca sas madc in
.l" .urmHr.flopc 8r v.lJ rbrun.wrntr.1!1.v. '.

Th. mostexciting projc.i inth. sumner of1987/88 was,
atleart from the operaiional side, a siudy of the ,cu lly s,ing,
whi.lisa wcllknown vitorous, no.rurnaldorrn slopcwind
on thc western side of Lhc Adclaide Hills. The projeci was
alothcr study.alncd out iq co,opcration w h rhc Resional
Offi.c of the Aureau of M.teorology, whj.h coniributcd
6round'bascdobseNattuns. Missions wcrc fl own cvcry th@
hours throughout thc whole night across the Adelaidc Hills
giving spe.tacular views to ihc pjlot and observer ot Lhe C-
1098. Early rcsults supporicd a ihcorctjcal hypothesis and
thc findings of a n merical siudy of thc gencration and
structurc of the Cully wind'.

During December1988 t., F.'brudy 1989, numerous t!av-
crscs w.rc flown through strong sca breues in the Coorong
drpd u'5(]-lh Au5rr, iJ.l nF+,ligl-,.. inirkl, q b) - \ i,i.inB
sci€ntist ftom Ccrmany (Prof. Helmut Kraus/ Univcrsityof
Bonn), l€d to erciting ncw vicws of s{ondary .n.ulaiions
within sca brezc fionts never bcforc masured by ai.borne
methods. A thoroughcvaluation ofth€sedaia is in pro8rcss.

Photographs of the in strumentatior! and someexamples
of rcsults from thevarious rc'scarch projccts are given ]n ihe

CONCLUSION
Alihough thc small rcscarh team which operaicsthcC-

1 09B ai F.l. A.M.S. had to ovd.ome many financial, krhnical,
operatjonal/ bureaucnti. obsta.les and set ba.ks d uring thc
last fouryeaf, thcrcscarch sNn as a wholehas proven tobc
ycrv valuablcand, nr thc mcmbcrcofthcSroup, mostolrhe
timc quitc cnjoyable. The rcsca rch tcam has provcn that it is
possible to a.hicvc high quality data sets and s.jenaific
findlngs with a very modcrarc lcvcl offunding. The ai..raft
, .. tI l, ., pru\.n o ocd \ Fl nl db .anoL\trum, .\ ! \ onomi
calv.hicl.and iK smallsiTehas onlyinavcry fcwcascsbcen
a soio us restriction. The jn drumcntaiion has prov.n its h igh
quality by .ompa.ing th(: measurcmcnh wit| indcpcndent
obscNations, as wcll as lts tuggedness und.. hazardous
.onditbns lilc low flying over the open ocean undc high
wind .ond itions o. undcr vcry dusty and hot .ond itions in
Australia's interior in summci.

Thc Crob has bsome an ind ispensablc rcscarch tool for
meteorologists at F.LA.M.S. and demonsttated its value and
reliability by yiclding resulc which under mosi circum-
stances .ould not reasonably have bcen obtaincd in any
othcr way, particulady jn extending the range and ratc of
mori urints in rmrr., ir.i\c.*iblp ard nor un,', rm enq-
ronmcnts- Thcre is no other way in which a sophisticat.{
instiunent-package.anbetransportedwhile frnlyasscnblcd
and "ready io go," togcth€rwith its scientific opcrators and
utilizcd immcdiatcly on arrival at an area proposcd lor in-
vcslitation. Thc aircraft constitutes theldeal brid ge between
lo.aland rcmotc scnsin8and offers many, othe isccarlh-
bound meleorclogists to scn{ physi.ally (and pe$onally)
atmosphcric variations in space and time.
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APPENDIX
I I'hotographs ofth. ancraft and its instruentation.

lnsirument panel of the C 1098. The basic flying in-
strumentsare located on theleft-hand half of the panel
(left to right, top row: a speed indicator, radio magretic
nrdicator, artificial horizon, turn and bank indicator;
bc'ltom row: cngine RPM indicator, variometer, altim
ctcr, radar altimeter). The disptay of the Omcga/VLF
navigaiion systcm is located at the top of the center
pancl with thc two communications transceivers and
ihc VOR receiver underneath. The graphics screen for

3A

displalng ihe scjontific data on-linc is locakd in thc

right-hand sidc of thepanel. A t the far riSht-hand side,
the ADFreceiverand thc transponderare mounted Thc
row of small indicators along ihe bottom of the right-
hand sidc are engine control instruments

------.-E:: 
=:- b

Instrumcnt container mounted on the left hand wing
The reverse flow housingof thc temPerature sunsorcan

be secu under the bottom of thc pod

Luggage bay of the C 109B. Units from left to riSht: Data
acquisitionsystcm, cmcrgency locatorbeacon, receiver/
proccssor unit of the Omega/VLF navigation systcm,
attitude and heading reference systcm.

2. Someeramples of t'?ial results from the field cxPcn

/t

FIGURE 1. Traverses through a sea breezc fiont on 13

lanuary 1989 at two altiiudes: 35m ACL (lcft), 350m
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ACL (righr. Thc sc.ics sho(,n from botom to top arel
Topo$aphy ns mcasured from the air.ra{i, specific
humidityj potcnti.t tcmp€ra hrre, vertical !vind w, wind
compononts pcrpendicular (v) and parallel to thc front
(u);horirontal windvector. Thccoastisat0km,thefront
is movint lron lcft to right.

) [lr-

ie

FIGUIIE 2. Cross-sccti ons through a shallow sea breeze
on 24 january 1989 showing thc fields of porcndal
temperature (top) and spccific humidity (bottom). The
dotted ljnes in thclowcrdiagam indicate the individual
aircra ft tra verses. For further details, see tcxt. Not€ that
the abscissa is different from the one in Figure 1.

FIGUnli 3. As Fiture 2, but for ihe wind components.
Top: vc ical component and component perpendicular
to the f.ont bottom: horizontal components. The dots
show tho re$lar grid onto which the original data was
intcrpolatcd. For further details, see text.

IIGURE4. Veriical cross-scction ofthe latent heat flux
dunng the moming of 2 D€cember 1988 ovcr l-ake
Toontoowaranie. The two scries at the bottom show the
surface tempcrahrre and topoSraphy of the underlying
surface as measured from the aircraft. For furthc.
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FIGLTRE 5. As Figure 4, but for midday of 1 December
1988.
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