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Sunu xrr_
T\o rx)dcls ar. l)rt\cntcd- \!nNl.tint rhc \uri\lir: oi r

licld ol lhcflnals 
'isiDg 

rnlo N Conlcctilc Boundrry L.rrcr.
'lhc sccold i\xthrccalinrcnsi('rl rnodel. drsignrd to rtcon
\lrurt the lcnrpem[rc. lenicrl !tlo!ir\. rnd rr.r rcht.d
slrtisric\ ol rn aird n( l-lighr tirrh lhtr)ugh lhc llekl

V.:^r'rr|,.1F i 1r1.1.. I r.. r\e.rr\crtiJLe Jr.,.._l
lllrd rcgion in South Ausrrrlir. undcr .onditrrNoldD,. shlll(N
eor)\teti(nr Problenrs ol an.l!sis dl iighl-cdllcrred d.rtr arc
'li-u Yd .rnrl rrrr r(\Ll'\ In,r' r\c I:(lJ \t rr,,(| r .,.
(onrp!red Bith rhe riodcl!.

l- lntrodurtion
Nhen ,ltN in rh( Phn.hr) Boundar) Llfcr is dollrjnrred

h! conleclivc rurbulen.c. the l.ryu is olien rclcrred lo r\ the
Con!.ctivc Doundary Llyer (CBL). Oler land. this cou\e.
rnD is oti.n drilen pnnra|il! ht thc su.lacc hcat ilur. rarhe.
rhrn rhc nn)inu'c I'l!\ Undcr rhese conditions (Bolven

Rrro > l). moisur. rcr\ rs r frssiv. sc.rhr, and wc havc
''l)ry Conlccrdr.'

'lransi.;r ol henr. rx)isrur. nnd nroll)cnlunr bet$.cn (he

surfirce xnd lhe olc.llirg CBt- i" accolrplished r(, lul3e
lrtcnt bl discrele coD\ecIi!c clcrrenls callcd thcrnrals.'
shich iornr orer surllces shr(h are consi(lcrrbl_,- wr ner
rlxn rhc ,trcrlftrq rr Thc nifirre of thcnrHl\ rs rr oiic
(li\cLr\\cd subj.cr. xn(l rr is.l.rr rhtrt rh.) lrlie nrant dil,irenl
shtrpcs rnd Lrr|s in rcll(). 'l h \ prper prL.renrs somc 1)l thc
fndiog\olrsr!d\ h! th('authorrnroth.tc(hrriqucsi,l rnrLr
\rr ind intct frdlti(Nr,ll llr!hr .oi['cled drn rs applic(iIo rli.
\thiecr ot dr\ rhcnnrl eonv.di,,n nr th. ( BL o\cr land.

N{cr$r0nr.rus wcr rakcn using an in\ln rcntcil r rc.rli.

'I he nn;n rims ol lhc slrd) $cre lo c\pl(r n.\ $r!s in
$hich ri{$rnc scn!)r daln (rn bc rerli\ri.rll) inlc reted
rnd conrplncJ wirh idealiry. Lind k) idc iJ,! rnd sLrggesr

n)luriuh to irnc ol the problcm! in\ollcd

2. Thr Ilodck

2.1 lbrtictl Shucture
'l\r, mrih.mriLrl ridrls rrc u'ed rn tlris \tud) Tht list

i\ !.nc dlncnsonl r)lodctdcri\td tr) N't nknr (1978), {hich
dcscribcs lhc {!,- if which thc ph)sicxl quLinliiiei r\r()ciatcd
sith r ldr!r thcrnrrlchangclN l trscends lhhu:h thc \'li\ed

tl

rnd rhr rc$Lts $cr. conrprrcd wiih l$o rathcrrrxtic!l
r)lodels \ ix r le'ics df slztistical |)arinrel!'r \ a sFrirliT.d
anrllti.rl rcchniques

I) ircilirtc ersy !(nnprrison with results ()i othcr studies.

Lhc llnding\ !re prrlcnrr'd a\ n(r n lrTed prohlc\, usin! sc lin!
!r.nnr.l.rs dictalcd bt ltli\.(l-l-4er Sirnil:rril-} rhe.l\. TIrr'
Nlixcd l.!)er is rhc l.rr'.r in rhe CBL. xbolc the Surlic. and

Frcc Convcction Lrycrs. whefc lhe strucfurc r)llhe tuhule cc

is go!. cdonl) b! thcphlsic l purrillcrch l{ (boLtndnr) lnrcr
(lcprh). Q.(surla.c hcal r'lur)- ar S.J0 

(huoJxn$ paranrct..l
(hr nLrd) tras mNinly conccrncd wrih rhis l.i).r. *hcr. rh.
sraling lclocitic\ rrc s" rind'1,. gircn by:

't*
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L!rr. Hed.rj!cs equnri(rrs ta nu\r nd Drrlltul unr hahncr
in\olring thc elle.rr ol bLroFn!) rnd cnlrrinDr.nt ol
.nrironr)rcntrlril. Nlunt(nr slxNcd lhnt. akhough rhe mjdcl
i\ \nrl.!hrl sntlpiil;cd. the prcdictcd prclild\ rl pr)duccs
roDrpx(, quit. liloul'Jhh *ilh ,lrNrl l\jaxed L:\er dau A
ulor rd\,rntrge of rhis nrodel is lhnr it pu idcs nnalvticll

$lutiors lo lhc goveming cqu.ttirnls
lh. ur4or lssunrflions oflhc nx)dcl re u{ li)llowi. lhc

llrrrnul\ url(rJLt Nrth lhLr er! rr',nnr(lll,n r Jrtl(,Ir!rruio
I consrllr lrcr Iincrion. This h!\ b.cn rhe obscnxrion ol
L'\ jr'\itr Jn-vJnr'! 'l'-.rff.*r. I t(Fr(:cnr1 r\l
\rlue li)r lhis ridction, ofA0 = 0.42. lhchcha!iorolrthernral
i\ detenllined prinurily hr locdl conditions. and s(' th.lol.rl
drri\rrnr\ rd.JI 

' 
nBr Urppro\indrLJ t^ lGalrJ\Ldion refln\

{s Aiar). Alv). it is:rssumed drat volrole is conscrved {so
drar tho verti.{l velocity a\craged ovcr the thcrrrl ard irs

cnvir) ren1, is zcro. l-asLly. dre.rnrl)rsk ignorcs {ll effects
ol background rurbulencc. and rmflicitl! assunrcs top hat '

froliles lirr all lhc \,:tri?bles
Thc rnulltical v)luti(ns to his flrodel equ.rli(ms. rc x\

li)ll.ws I1 $c definc lhc i,rtenncdirle lun.ti(D.

tr.dicrs(lh) thc llAr nr(dcl. onro th. horizontll plnne Ih.
crussiur prolil.s ncc(l n) bc stecp. rh)ugh. to nr.rinlair th!
lhemrls tLs well d.lincl phenonrcnr sith stccp graJienls lr
th. cdgc! The thrcc dirDensnmal !clocrry tr.lilc !scd $r\
s - $,r - *. - G{r.oxw, $..1

$h.rc (i is ihe (;!ussirn di(rihuri(trr lir ction

I I, I'
I l.l

,nd. is lhc rndius tionr thc c.nr.c, c:1 for norrriisrti,)n.
o is lhe sundard de!iluion (x nrcrsurc ol thc iit'rcss ol th.
diilributi('n), $ is rhc vcrti.al vek)rirl oulsidc lhc thcnnrl
rs prediclcd bI (lre iilsr nr)dcl. und w0 is ! nn.lcr0lin.r !cl()c
ir! shich cnsurcs lhar rhc ncl lcflicrl lcl(rir} ovcr rhc planr

It ctur be sh,\n lh0t thc rt,olc eqolti(n jor velo.il)

\Y -}!l+(c{r-o)ll +o,) a,)F{zrH)

$hcre4 tu0.72. SrnrilLr y,thcporenriiltcorpcmtureisgi\enbl,l
6 9- 'c',.o,'r o d \l / H' Ij \/ ll,HH-
ind rhc;hange ol sizc Nirh hcilht is gi'€n hr-l

o(7lH) = o,,.Ai7'H)
where A(z/H) = a/ ,, - F(zi H)"").

The nn)dcl$as conslNclcd rn sLrch r \!.il lhx(r uscrcoul.l
:nlrodLrcc r licld ofthcnnrls al gr\rn l()catid! on thc surlicc
otihr gr . !vi.hdilterirg s;as..rndp(rpagxrt'rhenrup!+rrds
into thc irotrndrry luycr. mcrstrr g I nunrbcr of starilticrl
qurnlilrc$ Ii)r lhe wholc iicld bt srmpling nl(rng th€ g.id
li.es Iinrntg ofdre nx,dcl was r.'cluircd lb.r y one sctol
rhernuls inhlxluccd b! rhc use. This Ms done lr} rdiustrng
the itlndard d.viarn s to)oflhc $crnrals, unrilrhc ()tal li.tc-
rional rrca occupicd by thcrmals rt 7/H:0.5. hecanr. .qtl.ll
lo lhe Ao = 0:12 suggc$ted b) Mirnl r.

l hcnrodelwas run using arandom ficld of50thcrmrls. each

with r rraxinrum de!iari()n oIo,., _ 0.05 {choscn h} tuni'r8
requircrrenb). Thcse wcrc propn8rtcd venically lhrough 50
heighls lo the top olrhe boundrry lr)cr. Tbe grid contained
50+50 dnta poinls. rnd lhcrnuls were dcliicd by a lhrcshold
01 0.5 slandard d!!i.rlions lbovc lhc nreaD.

Fa8urcs I ?nd2 arc conrour pl{'ls rnd hiddcn-line !i.r$\dl
de vertic:tl lelociry lickl ar fie hcight 7iH:0.5. The r.!ults
lrolnthis rnodelrlr willbeused in secl ion ,1 ro compar. wilh

3. Data. Techniqus a d Dcfinitio s
O Monday. Nray 26. 19116, d.tk $cre collcctcd in a \.ricr

ol runsovcrftcHinck s Conser\,r()n Park. on lyrc Peninsula,
\..,rrl \unrrlr.,. r,rrLi.:r.,'n.l.rr'1.,'l,lr). .hrll. $ (. n\e.rh,rr
'I hc air.nrR u\cd *ns rhc rc$'arch aircri li owned h! F. L A. i\l .S.
(l-lindcrs lnsrirute ofAln spheric nnd }tnriDc Scicnce)- lhc
crob Cl09B n rorglklcr, under rhc conrnrand ol Dr. Jor!
Hrcker. and assistod by ihc rurnor. Lrch fli8hl lcg $rs
rpprox imalcly .10 kDr long. lnd Lhcrc wcrc six 1l iShr lclcls. hom
ncar lhc surface ro zlHtuo7. Thc at€fugc llight \pccd *..r{
iround tlO knors. rnd lhe drh wcre santple(l rl ll H7.
eorrcsNndi!g to.r rough srmpling disrancc ol 2.3 nrctrcs pcr

samtlc lir north bound lcgs. rrn(l :1.8 nretrcs p(rr samtlc li)r

I hrrc qJ{xsln rtti't(nlhl rrIrt'(rrru!. int(''i, r pn scnr.

th.t'ascolwhich$ srrrhoutH 8.1(lnretres. AsNcirt.d$ilh

[". r lt, -,, ..n,.,r.]1tr/HJ-Lr r 
J

! t,rlt| . 4l - ,, ,t", nrtn, ,

qherc s is v.rticrllclocitl i side thcrn:rl\,8r L\ lhcdeli -
ti.n tionr thc o\'erull nrca ol lrotcntrrl tempcr ltlre insidr
ihcr als.aiscross \ccti(nalarea.ndislhec(xs sccliomlrrc.r
!t \, = {+. ud a! = w.r'w* at z-0.

Fnrn rhcse soluri(Jns. we see thal thennals lccel€r,rrc
thrNghoui lhc Mixed L.!er. The ternperalure ercess de-
cre.rsc$ with hcight dLre lo cntr ainnrent, rnd lbe pr)fi lc olcross-
secti('nul 0re! is cD0sincnt uilh the obscr\"lions ol\lhnrer
rn,l T(llord r11167r. Ir rhrr rhe 'rzc,'frhLnrul' rrri,s \er\
lnrlc !!irh heighr in rhe bulk olrhe Mixc'(l La.v_.r wi{h gross
changcs in siTe only occuring very ck)sc to the $trhcc.

2.2 Hodzontal Slrurture
Bj ars \cr-Y narurc. rhe dal,r obmined fro'r an airbomc

s. sln systcnr is not two dimen\ional. bur onci inrens n)nrl
'lhc rerord produccd $ill reprcscnt a one dinrtnsional .ul
thtuugh thc turbulenl llcld. Becausc oflhis. n ir ofien ask.d,
''hN reprcscnlatrve of fte o!'crall picture rrc our dxlll'
()\cr r l!,n! fli!hr prrh. n rinr \lr[\oL Jl qurnl ( r( \ rn:r] (\rn
ouf lo gire rrLrly rcprcsentari!c rcsulls. Howcrer, sonre
qua ri(ies nrq not. l'br cxanrple, bccnuse thc lligh( path will
seldofl) cut dircclly thr(reb lhc ccntre of a rhcr ral. thc
a\€agc lenEh oldEnnal sectjoos in $e reco will ale'!y:i
b€ 

'.s\rhan 
rhc avcnge diam.'ter ofthc thcnnals n($nthrouSh.

In !iew ofsuch qucnkrnl. a sccond modcl was constructed n)
si!nulatea (horizonlal) fl ightpath throrghathrec-dinrcnsrolr.rl

Sin(( rhe $rri.rl t!rirri,,n\ nf rh(mlal qurnrrri(\.een1
qune ucll describcd t! rhc firsl rodcl {to the rxknl ofour
nceds), wc inrr)duccd rhem i0to thc s.cord nr)dcl. rn(t
rpplied n$! iurctions Lo the m dcs( rib ing tlrc !.$i0lions iD lhc
horrzontal. Thrs $as done in rhc lbllowing $q.

Thrcc.diolensbn l Cau\sian !u rles wcrc usl'd tls smoorh-
ing iuncti(nrs. ro tftnslate th. strcngth ol thc thennrls. iis

iFatiNtcAr soAn/N6



i.\

it
t.,'f

Co.l.u. PLot oi Ve.t:c.l Velnc:r/ di z/H=0.5

for 50 the.nal study. Do..ted Irne3 are (0.0.
''North-E:st vr€". conlou. lnte.vel c/,r : 0.2.

Hidden-Iine vies of the ahove fleId.

17



lhe inlcrsion $rs r nutor ilrop in turbulc ce. irnit a shlrl
dccrcase in hunriditl Below this nrvcrsx)n. rhe al rosphere
supported lmo!tconstrnl prdiles of polential tcn rpcratu re and
spccitlc humidirj- Ihc nox proliles serecalculatcd lioll the

dalr. and the surl-acc iluxcs \!creestimated n) I'c 60 wrn] lbr
I .I rrlehe.'r.Jr. nu I lo he Jre' Lr.Jr. gi\inoJ

rtlcc Bowcn ratio of nbout 2.
.,,.1',,,.r'r'eer e.r\.,r inL. :r,lrn<,o,.:le\.r.,ri. n'.

lhe rinrc scric\ $ere high pa!! filtcrcd wirh a synnnenical
lrncTos {tuarc-lrpcr filter widr 1001 wcights and a cutoll'
hequenc) concspondrrg r,i s"delcngthof5 km. Toeliminatc
rhe elTects ol high lrequenc) noisc inrcrtcring wilh dre
.' !.i.r(., rl.|..l(\rn,.b)rletru!rJro..r\crrne.<, c.
$crc also low prss llhcrcd with r sinrilar liltcr, md a cutoff
ii.qucnc) corresponding to aboul80m. l he aullxtr nolcs that
in rnore rigor)us sludics, cspeci?lly close t{) lhc $lrlice, the
usc ot low pass filtcrs should be set undcr scrulint. as their
.1lc.r on the time lerics can olien bequile dcpcndtnt on small

chaDgcs hlhe cutofffrequcncy. Forlhe puryotc! ollhis siudy,

howelcr. lo\-pass lihering wrs ibund to be luflicicnt. and

li:ure I gilcs ar er(aorple of rts cllccts.
l']orcntirl tcmpemlure was uscd as the tmcer olthcnnals. in

preLrcncc 10 humidity (lvhich acts as a pa!!ivc \calrr in dry
con!c.tk)n) and vertical lclociLy (the lluctuatn)n! oi which.
borh within rDd ortsidethermals. ma)r be largerthan thcncrn
thcrmal updralt vclocity). Thennal cvcnts $erc identificd n)

th. .ocord, by requiring that 0 be grcllcr thrn or equal to r
tlnc\hold lalue, givcn bf half a slandard devialion abovc

lll'lc::,t?1i lllol,.'"ut :ro - (r/x-orsr)
;'oi iari:-pi oI 5hoJIric lHERHAL SEGhENT3

4. Res'rlts and CoDrparisons
\ve now present lomc ol the resLrlts obtain€d lrom tltc

comparisoD ol lhe model .esuhs $i1h thc lield datr
Figure I prcscnls the overall \landard dcvixtron of potcn

tial remperaturc rs measur ed ;n thc licld. and compa red $ ith
th. predictiont ol- thc l\to rnodels l hc licld dala conrparc
quitc Nell. we notc that the orodels predict v.r) srnilar pm
lilcs, which is plersing. since the rim in consrmcting the

second nndcl\ras nol so nruch to xrlproveon thc prcdictions
ol rhc firsr nodel. but rrthcr ro pro!;de prcdictiorrt lhal lhe
liht rrndel could no1.

lrigurc 5 comparet Lhc predicted alerrgc potcntirl
renrpcrilurc inside thern ls wilh the real datr. Again. the

comparison is quite good. rnd lhe models prcdict rlllrosr

Wc now come ro the strristics rlral couki be prcdiclcd tionl
rhe lccond model bul nol thc lirsl The mrit) ol drc standard

de!jarion ol tcmperatures in$idc thcrmals lo the overallsttn-
d.ird deviatn)n (rhcrrDal and enlironncoo is gilen in l'igurc
6. The nndel prcdicls an alnx\t conftnt ralio with hcighL
'fh. actual datr arc lery scattered, but clcarly lall mainl) Lo

thc lett of the cur !c. sho\riog that the annnurl of lariance ol'

rcnrp€raturc insidc thcrmals isactuall) lcss ftan predictedl'lhis
indicntes th:rt ihe typical "shape of thcnnals probably lie!
betwccn rhe top ha! shrpc of rhe firsl model rDd thc Gaussian

shaF ol the second. Morc complex shapes for thcrnnls cou ld

easily bc incorporated in!) thc second model. snnpl) br

..1

I Ilch5 PFFIi
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TICURE 3. Tr. effect5 of filrerir,q Lhe t arc ' tr'ne
.eriesr {ith cLt.ff !avel.ngth. 'I 1t anC aN r
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slandard deviation of potential iehpelalure
comPared wirh the 4odels,
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FIGURE 5.
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Average potentiat tenpe!ature
for seqnents above threshotd.
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Ratio of the slanda!d deviation
insi.ie rhernLals lo !he overall
srandard deviaticn.

1, D

c.:

t!

0.a

.tdiusting rhc functnm G(r,o). A thcrmal with sharper sidcs

and a flalter rop could bc used. iin cxanple, or cven a double

Figure 7 rrcscnts the r ario of the sLtndard de!iationoflincar-
:rer ofthermals (length orficrnlalsegmenb h thc record) to

tne jJrrpe ll e.^nrnbur.,'n.,r Ihenrull{ reprc'enr'rheeile\r
,,1 fl 

' 
r1e;hr' {rsn rnnd.ra, hord. nl rh. rmal' rlrhcr Ihan ' 

inl}

ccntres. It prcdicts an llmosr consttnl ratio with height: the

t,0

O,E

o.6

a.1

i-s ,.6 a30 .33 olol
oa

stand.trd deviation is 50 60% of rhc rverage segnrcnl lenglb

All ol the real dati points lie lo fic right of dri! drve, as

expectcd, and the dillcrences betwccn the data poinr\ rnd rh'
model curve represcnt the contribulions to the standard
deviatio!duetootberellccls {suchas realdifierences nrthcrmal
oiariel. r. dnd br.kgr"Lnd ruAuren.l r. lhe oal-] J . Jfdin
very scattcred. and no turther conclusions can re.llly be

nade on this point frcm thc present datr set.

H

Ratio of the standard deviation of linea._a:ea
of thernal seqnents to the average.

z
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Fig!rcs 8 and 9 dcticL thc t)roiiles oltrrcan \cgmcnt lenrih
r\ ptudicrcd hy thc nnxiel (Figurc 8) rnd rs nielsured in lhc
lield (Figurc 9) Ihe) do nor rppca. on rhe same g.aph
bccau\c LhL\ cln be conparc{l o l) nr shape. rrd nor in
nrxgDiLudc klue n) the arbilrr^ nrLue of dre nrodcl). aorh
ligurcs clearly sho$ rhc crplnsioD of rhermals is rhcy ri!e
irto lhe CBI- ard ertrain en\ironmental arr Thc hunrpi
ness oflhe modcl cur!c is due to edge clfccls on the !rid.
I his could pmbablt bc rcnnNcd by runlrnrg thc nn)dcl u1in8
.rr rJl d,I ere. r rdr.Jor.r dr\ril-Lri,{ .. Jn.l L ".Its rh. r.^p Ji<

'l'he realdata pkr (Figurc 9) was compurcd lromrhe hulndity
reco.d. rrthcr rhrn ihc 0 recoftl. Tbis is bccause it was found
lhal lhc lcnglh l arcr") rel.rted stalislics wcre best compLrlcd
liorr rhc humiditv record. Tosards the top of tlre CBL.
tem pe ralu re bccomcs . less relirblc I fuccr ol rhermals, sincc
e?rmer air tiorn thc Fnetmtjon lNcr m.l} nrix with rhe
ervircrunenl. crusing the lempemturc cxccss n) be reduced.

FIGURE 8.

Ihi\ ptr)blcm docs not occur in the hLrmiility rrrcc. sin.c dr.
.rir from abov. is dricr, rnd !) N)uld aclualll rceeolurle the
dillercnces bet\Leen therm.rl!and Lhcir cn\ ;onrrenls. Allhough
hunriditlcrnnotltrictiybeuscdlt\LbclraccrindN conrecrro .

its aclion rs a passile scalar' nrcrn\ $!1 it carr be used lo
l(x)k rt lcngth related sl.Iistics. l hi! seenrs lo be the reasm
$hy ir was ibund to bc usclul in lhis aspect (Ltlc scaucr).
sl,( r.,. rr cr.pl.\c,r, r.n,. .F ! JI-r rn.,l r,eorni r . .,r.\, ..

s. Conclusions
Tbis work wrs nol intended lo o1lcr an! nc\! connibLrtion

lo fic physi.s of the subjecl Pdlher, ii has been directed xr
crpl(ring the prospecr oi using a sinrple drree drmensionxl
rna l)tical model ir the reilisric irllcTretation ofairbornc scnstr
data by conpa.ison with (controlled) idealjty. Thc dcsign ol
thc (sc.ond) model rs such that many doors are leii opcn lbr
firlurc usc. StudiesoIthe ellbcti oi rr.,l,k.in. manvkinds 01'

Lverege L i ne ar-Are6 of

over eslocity thresho IC

lh€ rrd L segoan'.s

( 5 0- tho.ra i studY )
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FIGUR! 9. llean I !near-e.ea occu!ied bI

Specif ic HuriCity threshold.

segnents ebo ve

z
o.3

at

l.o

ot

)'t 63a
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o\€r cleared anil uncleared land on the Ey.e Penrrsula. and
inrerests in the tnke E)re and Coongie kkes regions of
North Eastern South Austntlia, prolide ample poremial for

thermar nelds lnlo fie model, and propagating bem in difcrcnt
\r'nys into the CBL. are nade easily possibly.

Ir isexpecred, intheiuture, thar rhe work in this rcport will
bc usefulin lhe study of the Con\ ectivc Boundlr) Laycr over
differentsurhcehealfi elds. The ongoing workof Fl.A.M.S.
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