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ABSTRACT
Con.liticinalsampliiBis u*cl tolocatenixedlaycilhermals

J ,o .Lr..., 1.,\"-t lJ .; .,. icl. ,-Un irdnwnw,',Jn,o\int
conr pnnions ' dolndr.lis in.largedatasctobianred i.om
flights byanlEtrurente.l otorglide.inconvcciivebomd
arv l.rvers ovrr Eyrc Perhsul.r, South A6halia. The high
resoluticlr an.l exccllcnispatitrl covehge of the data pcrmiis
a.lcinile.l studv of irltenal struchLrc. A conlpositing te.h,
njque is usd io conslfuci aveLage inte$ectids tluough
thermals an.i pluNs fr.,n ri,ci rlt Nns .rf givcrl h.iBh ts lnd
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dircciiois. Croups .rf conposites nre then coDrbin..l tu fo nl
horizontal dnd vertical cross-*.in s, rcveaLhg ihe floq, pat
tems nnd disrribuiion of physica I variablcs wiihin ',typiaal"
ther als and plumcs and their env;rotunent. Surface liyer
p.mp. r,c turd ro 1.,\. tront Ll",dl r o. pr rpn, ir.
whidl air froDr the horizontalplale channels arould ihe sides
and tlBl ir behjn.l the nnc.ofront prcseni at the upstrcam
eclge. Mired tayer dtmal iowers have a rclaiively snnple
form, co[sisting prima.ily of largc colunns .,f warn, up-
war.ls Dlolxlg iurbulentair, {hi.h miv o..nsicnrnlLy b. n1a
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state of slow clockwisc rotation. FinalL, the results ol ihis
studvare.ombined inro d rLhcmrn!, ompo.itedepicting lhe
highiy compler inreracnons bcrsen rhe'mnvec-ti;e pl;m..
of the surfac€ layer and the themal toweis of the mixed layor.

1. INTRODUCTION
Doring cl€6r-sky days over land, solar illumiiation of tho

earth's surfac€ caus warming of the lowcst layers of the
atmosphere. The subsequent motion of convective eddies
€aus€s ihe brealdown of the shallow nochrmal boundary
la ver, wh ich F then repla.ed bv a ra pid l) growinS, in ver>ion-
capped convective boundary layer (CBL), which may reach
h€ights of up !o 2-3 km. Wiihin this highly iLrrbulmr region
can be idcndfied lwo layor . wl th d i\n nd ly d ifferenr cha racter
is.ic,r ln the lowe+ ten r l^ ur the CBL, i: rhc .u fia.e layer (SL 

',which is characrerized bt a superadiabatic lapse rate and
strong wind shear associated with closeness to the ground.
fto(€s€€s with in ttu< laverJrcdominarcd bv rheprcyimiry of
rhe qurfdc€ and its as;ciarm dogree ur 

"iugtoi"*. 
t t'"""

nainder of th€ CBL is known as the mixed layer ML), in
whi(h the propenie5 or rhc surra.e pldy " 

\maller rolq and
thernul convection i5lhemaiordnving rore for vertical rr
mov€ments. Here, theroisoiten Ihlcrr;owind chear,and Il"c
area-averaged vatues of poteniial iemperature and humidity
are nearly conshnt with height.

The rso most csmmon rypo\ 01 well delined hrbuien.e
elemmb, or stru.nied ed d ie\ prc!€n l in tha C BL are su rtJ.€
layer plumes and mixed layer thermals. These phenomena
provide the maFr mechanisms tor thc h.ansport of heat and
moisture away from the €arth's surfac€, and they are what
glider pilots eumrnarizing (all "ihermals." In the following
paraSraphs, we will give a shortoverview of whatis drrrently
known about their shape and size. In the main part of this
paper we will then pres€nt typical horizontal and vertical
crobs lactionsof.ufiacp la ) er plume5 dnd mired layer themai\
derived asmmDosites from iirdift rav.r@<

Surface layer'p!.:nes are travelling flow shuctures extend-
in8 throughout the depth of iheSLand $metimesbcyond (Dp
to 20% of the dlstance to the inversion, Williams, 1991). Thot
have horircntal dimensions of the older of lmm, and arc
hansportpd in lhe mean wino dircdion at \peed\ rouShty
equal to th.rl ot the mern wind dr rhcir mid heighh, (Kairndl
and Busing€r, 1970, Kaimal, 1974, Wilczak and Tillman, 1980).
The presen€e of wind h€ar through tho SL thus dictates that
plumes will be moving faster than thc mcan wind doF to thc
surfa(re. This, however, does not imply that air within plumes
is movinS fast€r ihan the mean wind. ln fact, the opposite is
true, sinc€ plume air is alwals rising into ragions of Sreater
momentum (due b the wind shear). The plume acts in a
manner analogous to a vaorum cleaner scooping up the
warm surfaceair a: il movcs for"drd rl"rouf,h it. RelaBve h,
the plume. the surfa, cdr nus* undemedlh tr.leading edge,
and then p€als upwards at the ilailinS edge. This is simila! kl
air motion at the base of small cumulus clouds (Telford, 1986).
The inieroephon of warm,lower momenhrm air from below
with the cooler, fastar air i t nsos ihouSh, Fts up a microfront
at the upwind edgeof plumos. Thes miaofrcn ts are manifcst
in SL temperature r€cords from towerr asas),rimetric "ramE'
shapes (See, for .\,mple, Anronia et al.. q7oi.

Owing to their limited helght arnve ground, meteorologi-
cal towers can only provldc maasuresents for the lowcsi
parts of the mixed layer, and it is mainly for this reasn that thc
detailed form of thermals is not as wcll known as that of their
SL cousins, tho sufacc layer plumas. Only in recent yearr has
thc technology become availablc cnabling s.ientists on ihe
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Sround to samplc mixLd layar structures a I d iffer.r t h ugh rr
and positions simulianeously. This icchnoLogy hns (omr !r
theform of high-powcrcd ndarsand lidais,and isba.k!.1 L,f
by thedevelopment of morc and morc sophisti.atcd hlDra
n]ry and compuber models. While ii is clear that grcat vannbrl-
ity cnsb from ihermal to thermal,itisnow certain ihat they
arogroatlyelurSdtRl in lhe\erti.a..oflonc\k nd.ngrhr,,,6l:
out thc mix€d iayerin the form of thermal "towcrs." Thc air
within those colDmns is wam and buoyantin thc lol\(r part
of thc Ml- butoftan loses j ts buoyancy in the upper ML, owLng
to miing of warher air from abovc thc invcrsion into the
arcas botwoan thermal nromentum, howcvcr, is siill suIfi.icn i
to crdy it io the inversion, lvhere itpenetratcsbriclly into tho
smoothly flowing air abovc, belorc faLlins back iitr) ihe
boundary layer to compleie the circulation.

With tha cxccphon ofa small amountof hirbLrlcnt cnr.ain
mcnt at ihcir cdgos, there is liitle exchangc of ajr bcircu
thcrmal iowers and the slow, rvide downdralts bctwcan ihem
inihemixed layer. Thc rcgions ol aoss flowihatmustc\istin
orLler lo comple,e lhccirruldtion dra dt rho r"p rnd b. !r, . rh.
tulumn\ Ar rhe ba-c, rhi.i. rhc mccl"rn.-nr o) bni.hlh.
$dm 5T urr i\ traniporlod:nto lhc Vl .Jndptu,e.+-i rnc
trdn:itionrl rcgionbelw.on rhcld)er..rn be.,.n,eqJi.. .unr-
plex. Thermal towors, theiefole, ontain air origirra ting in thc
surfac€ layer, including tha iurbulent and contorted rcnuins
of SL plumes. Computcr modals (Schnidt and Schumann,
1989) hava rocenily su8gsted ihai these forn 'bubblcs" of
axcap tionally warn (and iherelore highly buoyant) air, \Lhich
may romain intaci for lonS penods. Since thcy woutd travel
upwards faster than the rest of the column,an objectcddcd
within them would also rise at a greabcr rabc than nomal. This
mightcplain why SlidersjoininS them1als belowothor glid
erc circling high above can sometimes catch up with thc onas
highcrup.

Although plumasand themalshave been studi€.l by sdan-
ijsts for a number of years, there arc still scvoral imporiant
aspcctsof theirf omand behaviorwhich arcliiileunctorsiood.
c}ne of thcse is iher intemal structure in thrcc d|ncnsio.s.
Liitle deiail is presently known rcgarding ihe flow field, and
diskibution of important physjcrl quantiiics rvjthin and !n-
mcdiately adjaent to plumes and thcnnals, and oI ihL, few
st rdies that htve appeared on this subjcci, mosi havo (rrcen
trated upon along-wind profilos of surface lay.'r plLnnes tronl
tower data. Irfomration is lacking rcgarding thaacross wind
shlchrre of surface layer plumcs and oosi aspc.ts of the
strLrchrrc of mixed layer themuls.

2. Aircraft, Expedments and Dala Processing
The research air(Yaft used as the instruDren ra tiof ar)d data

loggingpladormfor this study rvasa Crcb C l09tlmoiorgliclcr,
operated by the Flindars Insiitute for Ahnospheric and M.-
nne Scienccs (FIAMS). Theairoaftjs equippcd wiih . .or1\-
prehensive sct of fasi and s€nsiiive metorolo8ical i eh-u,
ments, supported by a sophisti.at€d dara acquisitn). .rnd
'lcal timc" proccssing sysiem. Mo+ pnsors aft.nrolr.(rl if
or on the inslrumcnt mntaincr: a "pod" aiiachcd undcr thc lctt
win8 of the airgafr A fulldcscripiion oI lhc air.ralfs c\luip
ment and instrumcnLation, as wcll as iis spccitiration. nn.l
capabilities,canbefound inHackcland Schrv.'rdtfcgcr(,l8tj).

Data were collected in 9)uth Australia during ihc dncsr
pari of summer 0anuaryt ) N,{a rch, 1988) ovcr HincksC orlcr
vation Park and sunoundin8 areas of thc scnlLarid (rrtrll
El-rc Pcninsula (approx.33 dc8res45 S/135dcgrccqF{r l)
Covcring an area of aboui 700 1000 knl, I lincts Pn,l. Lr .
region ofnativemallccbushland sunoundcd by v.r,1r, r.rs o1
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clcared agriorliural land. Thc av€rage height of ihe mallee
vegehtion is about 2-,1m.

During sjx days, s.ncs of "1" shaped leSs were flown at
several heights over boih agriculiural land and the ()nsewa
tion park. As{:ents and dcsctrnts lvclc also nown in order to
establish ihe height and basic strLr cture of the boundary layer.
Two ground shations wcrc opcratcd continlrously during the
times ot the flightt recr]rding basic mctcorological param
eters,includingprofilesof temperalure,humidity,windspaed
and dilection. Air pressure, net radiation and cloud condi-
tions were also tabled. A total of I02 runs were selecFd forus€
in ihe present shrdy. The tohl nighi lengih of data used is
around 1250 km.

A conditional sampling approach was adopted in order to
locate thermals and plDnes in ihe data. As buoyancy (i.e.
density less than that of ihc ambiont air) is the mosi pro
noun€ed indietor for thcrmals, wc chosc tho virhral pobeniial
temperature/ 0, , as tho pnmary indicatoi s€nes. Virtual
pot€ndal temp€iature isdefined as€" = € (1+0.61/),where/is
the wa[er vapor mixing ratjo and 0 the poiential temperature
,€- 79"/pP s. whor a ftrd,r k mpcrarurc,r i-air pre\\urcdnd
p" ' l0mrPdj. 0, r. ,nvc'.olv proporDonal ho den\ity dnd F
thus a directmeasure of thebuoyancy ofair parcels. Addition-
ally, we than salocted only thosa parts of the lime ssies which
had an upwards air movcmcnt. A plumc/thermal was thus
defin€d as a section in the time seriee in whjch 0 ex€aaded a
ertain threshold value and whcrc %, thc varti;al specd of
the air. was positive. Such a s€ction will also be denotd
"warm up" in the following. Using ihe opposite aiieria to
those us€d for th€ "warm up" s€ctionr ihenegatively buoyant
downdmlis (denod "cool dowll" ) thatocc-urbctween plumes
and ihemEls were d$ lo.ated in order io study their struc-

Th€ 'average" intemal structure of ihe "warm up" and
"cool dow!" events sampl€d wasdetenined inthe following
way. For each run flown abng a particular direction ata given
hei8ht, ihe data tuom all the plums,/lhernuls located by the
conditional sampling analysis wcre extractt in segments.
Thes€ segments were then "streiched" to €qual lengths,
overlayed and averaSed together, to produce a mmposiic
inters€ction through a "t}?ical" event for that height ard
diroction. Figure 1 shows this proccss in diagrammatic form.

3. Horizontal Cross"Sections
All the "composibes" falling in similar height and dircction

Broups were combined together, and plotd into twodiman-
siorlal cross-sa.tions, rcprescntlng thc flow pattams ard ihe
distribution of physical quaniities aseciated with a "t)?ical"
siruchna and ihs imm.diata anvironment. Horizontal cross
s€ctions will now b€ presenied, showin8 the thre+@mponent
wind field in a honzontal plane surounding ihe stmcture,
with ihe mean wind vector subtracd. The two horizontal
wind componentsare plotted as arrows with ihe velocity scaie
indi{:ated to the side of the diagram. The up'page direction
rcpresents the dirc.tion of thc mcan horizontal wind. Tha
vertical velocity is represented by a series of coniourr plotted
on top of thc arrows (solid for positive \alues, dott€d for
negarivc). A1l rasulis arc prescntccl in sGlcd form whi.h
m€ans thai all variablcs arc dividcd ("sca1ad") by ceriain
scrling parameters to eliminate thc effects of d ifferent depths
of the CBL, rouShness of the Siound, buoyancy and mean
wrnd profile. A readcr unfaniliar wiih s."]ing can easily
translate ihe axes of the cross scctions, as wcll as the conburs
and anows,into "real" uni8"by.h@singt}?icalvaluesforthe
scaling parameters. For a nlid latiilde summcr day with
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FIGURE 1. A diag.ammatic dplanalion of the.omposjiing
method for "wa.m up 'evsts. Fo. each physi.al variable, tha
time sries segments oresponding to eventsdefined in the
indicator are "cut ouf' and stret hed io a constant number of
data points. An equal length on eithe! sidc of ach segment is
jnchded in order to repiesent its immc{iate ovircMcnt.
Avengingis then performed across cor€€ponding data points
of all wents, to ploducc the final compositc.

moderale winds, lhe followrng value5 aro tw,cal: u. ,rn, tion
vclociry) 0.3{.6 xnl'j L (.lllfa(elayerdepthr 

= 20 I00mj $.
(mixed layer s.aling velocity) = 1-2 m/s; Z (CBL inversion
hcigho = 500-20O0m.

Figurcs 2 !) 8 show horizonbal crosese€tions throuSh ()m
posite struclures at differ€nt heights above the ground. StaIF
ing near the ground, Figlrcs 2 and 3 show an inc?ease of
su aco laycr plume size with heiSht accompanied by a
change fiom along-wind to lateral €tongafion- A ominant and
most interesting feature is the lateml inflow into the plume,
which ocors strongly at both levals. To the sidas and upwind
of the central updmft, arc rogions of fast moving air, which, at
the flanks, hrm inwards, feeding oool, high momenium air
inio the cenier of the plum€. In the along,wind diredion, the
upwards movement of flower air from b€low is evident in a
long band, sbarting at the cenier of the plume and extendin&
in a wcakcning form, all ihe way to the downwind end of ihe
pichne. The silength of thjs band of air reduces with heighi.
The air with the slowest horizonbal spccd is at ihc very con ter
of thc picturc, which is also ihe ragion of fastest upwards
morion. Ai the upwind edge of ihe plume is wn the region of
microjronhl development, with strong convergonca in boih
horizonht dir$tions and strctching in tho vartical diro.tion.

The corresponding downdraft cross-scdions arc shorvn in
Figurc64 and 5. Thcsc rcveal a patiam of ouiflow at both levols
ovcr an arca larger and lcss olongatad than the plume, with
broad, weak downward flow in the center. ln the rcgion
correspondinS ro lhe micofront on the "warm up" pictures,
is a line of waakty divergcnt Ilow, oricntahrd in iha a.rose
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F|CURE 2. Horianrdl. r.s recriun rur' i rm-up .tru.rure in
lhc \uhe ld) s for 2/ I . .r.2 -0.7. Van wind dirdl o.r b up
the page. Contou.s arc @&.
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FIcURl3. As Fjgure 2, but bt-z/ L-0.9 1.6.

FIGURE 5. As Figure 4 but lot -z / L=0.9 '1.6

FICURT 6. Horir,,rrJl cru*-qlion o, rvd,.. df
,.ru.,uF ir r\p \.41 lor the l-(ri\l rrngel. t-. / /
' 0.r0. Arow.dral-^rizunul hinodc\'i".ions s..leo
with w-. Contoursarc w / w..
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FICURX4. Horizontal coss sectlon for"cooldoM structure
inthe su ace laycr at -z / L = 0.2 -0.7. Mean wind dir€ctionis
up the pagc. Contoun arc !ta. FIGURE 7. As Fi8!re 6, but'otD.3,z / Z,<4.5-
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FIGURE 8. As Fig1lre 6, but lot 0.5 < z / 1<a.6.

IICUR.F c, Veniel. !.- ,,. ,F.n rn ln. rlnr! rnd oiKrion ot'wdrT-up \hL,1Lr'n (h \l . A ow rre; rd de\adriur.,
s.aled with u.. Contours ar.0 / e!,.

FICUItE :10. Vcrtical .ross sLrtio. ,r rh., across.vind direcrion
of warm-up stm.tu.e i. t h.5L. Atro{s arc wind dcviations,
scalcd with u.. Contor6 a.e{r / (Js .

IICURL 12. V:\ed IdyLr "w-rm-up \enccl\ru!*{\l,ur,r
rh( r'^1t winddirGl;r. Aroh, ;'.wirddevrrior', *'lcd
with w.. Contoursarcg / e..

FIGLRL I L A. l-,8!re 9 but tor ".!o.rlown slru( ture
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FICUIrlj 13. As Figur.l2,butin thea.io$-wn dndrion.
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FIGURE 14. As Figure 1Z bui ior "c@liown'event-

Egures6, Tdnd 8:how cross-,.. hun* rhrouah durod layer
Lhemalb. Compari\on or .cJle) b€lwecn Figurec 2/3 and
FiSures 7/8 revedls that thelful\dre much ltSer \hucrure5
than plumes. Since many SL plumes extend into the mixed
layer, the da ta from which ngurc b wa. .on \truded com prise
a mixure of bolh tyPc. ot phenum€na. The rc\dts are lhus
intemr€diat€ belween tha two, and do not corecdy represent
either case. It should be stressed that thisdoes notindiote that
th€rmds and plu-rnos corn od e unc for{ne in th'r region: lhe
reality is somewhal moro.omplitdt€d (s€e Sertion 5r.

For ihermals in the m idd le of lhc m b.od la yer GiSure 7) rha
pr€dominant motion is (imply .rn upwdrd. one. -The 

cross-
rection formed fiom run, flown above 0.54 (figure 8), how-
ever, dearly \howrd slow clorl-wi\e ru|niion of rhe ('ntrdl
thermal updraft and iis environnent impllng an upward
spirdling motion. This do€s noi imply, however, that all
thermals ar€ rolatingr only the "averagd' i:asc and possibly
only in our particular study. Thermals are vastly variable
phenomena, and the specific activiiy of a particularihermal is
likely to b€ dependent upon many factors. Thase indude its
own recenL hiqtory, rl., pu.ition wilh r..pe.t hr adja(enL
thcrmals, hori/onhl ,hdnge- in thc wrnd drredion profile
throuSh the CBL, and, Lndcr highl) n"n-unifor.n curtde
mnditiotu, the existencc of "hot .pot.'on the Sround and
changer jn topognph). Tr is probably rhrr rhe resuh \hown
here is prcduced by averaging iogethcr many non,rotating
themals with a small numbor of skonSly rotaring theimals.

4. V€nical Crcss-Sections
Vcrtical .ross-ections of composibc shrclures in directions

dlong and affos tl.e wird .rrF,huwn in figuro\ a to 14. The
conrours,hown dn.ul,\dlad ) p.h'nhal r.mfFruturc devia-
tion\, dnd, thor.fure, repre+nl thc drtt.lcnre ber$e€n rnc
achral temperature at a givcn lo(?iion, and ihe avemga tem
perahrre of all tha air at thatlevel (n.b. this is not ihe same as
the drcrdge porcntirl rompcr. ar- rn rl^. CBLI

Figures 9 and 1 0 show vicws of a surface layer pluma in ihe
two orthoSonal directions. The along-wind cas (Fjgue 9) is
the picture that would bc s.cn by a slrrfa.e laycr bower
arangement, and $mparcs wcll with omposite crosescc-
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tio6 prented by WiLak dd Businger (19E4) in a towcr
study in Colorado. The mi.rofrontal conver8ence is clearly
visible at the right side of tl1e plume low down an.] the air
feeding into it fiom upwind clearly dips downwards before
enhnng. In contrasL the downwind inflow into the plufre has
a verti.al veleity very cio* to zro. In thc ftonial zone, the
temperature contouru are rore closely spaced than on tlr
downwind side. Lr the across wind direction (Figure l0), the
plume is clearly thimer at the base and expands with height,
wherec in the along'wind dne.tion the opposite rvas truc. A
smooth, slmetrical inflow is evident fiom both sides of the
plune, which €tearly dips to downward velcdties prior to
entering it in the lower levels.

The "cool doM" atong wind vertical cross section (lijgu re
. l) fomed fromJara +gmp|r,,epre.errilt th..rvirorn.n-
tal legions between plmes, complemdlis fanly wcll thai of
the plune (Figue 9). The downdrafi rcgion is clearly broader
and slower ooving tha,l the plume L,pdrafi Torvards the
bottom, mosi of ihe diver8ent outflow is downwin.l an.1 a
.onvcrgcn.e zole is evident arould - z/L= - 2, whic]r prob
abiy marks the edge of the adjaccnt pluN. Upwind of the
downwards flow, theie is little motion: the air is nlnrost
.ompletely udisturbed, and ihe iemperature dcviaiion is

The mixed layer "warm up" vertical cross-sections are
given in Figures 12 ad 13. Lr the region bclo$' aboui 0 22,
spurious illluences from surfa.e layer pfumes effect the
iesult, as discussed m Section 3. Again, itshould bepointed
ort that the inference of a one foi one thking behveen the
structures in the surface layer and ihose in the dixed laye.
woull bc incorc.t. ln ihe center of the thermals, a Fittein of
unifom upwards notion k evident ir both cross-scctions,
ad tkre is also m indication of slightly divergeni flow iI ihe
.cntral.orc of thc drermal. At the hiShest levels, m the region
where dr slow roiaiion appcars in fie horizonial .ioss
sections, uprvard ftow is evideni over an area s'ider than thc
ceniral tnerml core. The "cool down" pichue (Figure 14)
shows a slolv, unfom downdraft, covernE a rcgion i{H.h is
mrkedly ldger thdr that mcupicd by themals.

5. Summaryand Dis.ussion
'Ihe resdts discussed above are sunrm a dzed in Figure 15,

which shows a schemtic depiction of proces*s h both thc
surfa.e md the mixed layers and, inpnrticular, the comde\
inieractions in the hansitiona I layer (Tt.) beiween the*twc)
laye6 The diagmm will now be used to explajr in a snrplistic
way the basic ptocesses of inte, action between the st.uctL,.es

The convet[ve e.tdies of the iixe.t Lryer take the form of
.andomly place.l themal tolvers (thick circles in Iigure 15),

each sunoulded by a returning dorlnward flor!. Tkse
downflow re8ions inteiact with one another nn.l r.n8e nr
shapeand strength according io thedistancebetweeD neigh
boring towers. The obst.uction ercountered by them at the
surface Iotces divergent ho.izontal flow away Iron then
baesSlripsof converSen esubequenilyformbehveen.om
peting.torvnfl o$'.egions, alon8 the lines joining close neigh
bo. therhil towe.s. These conlergence lnles lornr .ough
polygonal patterns in the surfa.e layer, an.l n.e known as
"thcrmal walls" 0{cbb 1977); Williams, 1991). Bchv.cn ihc
surfacc and th. nnxcd la) c$ ihuscxists i.cgion of.rJranccli
horizr, tnl mirnrg, in h'h;ch the siruduft,s of the nLo Lryers
nltcra.i strongly. Surface layer p lumes a re pLrlle.l nr to grci! ps
fron above by the nct'on of therma I wi lls, ca os;rg siretch;nB
and distoriior At the center of each such grolrP is one large
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IIGURE 15. A d iagrnhhatic depiction of tlt prdrsses ofinteraction between the suface dDnxedlayerc.(a) Iypical horizontrl
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.ross-sectiN nlong the down sjnd lln. A - U; (.) Vcrti.li.ross sc.ction.long the a.ro$ wjrd line C D. Note drat thc horizonh I

s.dle is Ereatl', con tn cted .ompared io ih. v.rtical, dd fiat dr arrcws are .ot to scale.
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plume, which actsasa "central coXector" (Willi;rm, 1991). It
is probable that dns "ccntral" plunc is located in the coNer
Sence zone belolv a nixed laver thernal tower, and drus ac ts
as a "feeding" mechanism Adjaccnt surface layer air, ilclud-
nrg plumes and theirenvirorulcnt, arc caughi ir its enhDce.l
inflow and move towards itand then up.

rhe pro.esses depicted jn ligure 15 are typical for a day
widr light to modcrate $-nrds. Slrouger wind drd espechLly
wind shcar within thc mixcd layer oftcn leads to a mrch more
pronouccd orgar;aiion of thc convective elements nrto

It is ptamed to use the aircraft and the processing algo-
ridre io study thc finesiru.turc of individual drermls ln
more detail in dre fuiure md io conpare lhem with the more
generalized conposites presented above.
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Thcrcsearchaircrafia amajorpa of iisnrsirumeniation
rvas findrccd by the gencrosiiy of ihe latc Dr. Don ruitz of
Glen Osnond/South Ausnalia Parts of ihe proje.t were
tunded by dre AustraLial Research Coudl. A.G. Wilhdrs
was supporied bya ComlonwealthPosigaduatc Rc*arch
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