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Summary
Photographic obseryarions ofa wind raised du$t paitern in

Sourh A$tralia are prcs€nted as evidence of a microbursr.
Eslimates of dinensions and vclocities ar€ obta;ned and com-
parcd lo rhosc derived trom a simple model b€sed on the con-
servation of mass and kirctic cnergy. The hazard presented to
aviation and gliding operations lry microbursrs ls discussed.

In1r fttior
Dor{nbunt

From conscff.rtion of mass considerations. a downwrd
draught ofair in the middlc levels ofthe atrnosphere will evcn-
tually b€come an ourflow of horiiodal winds if it reaches rhe
ground. Fujio (1978) classified a downdraught tls a'd(n^/n-
bursr" if rhese horizonhl winds are poErtially darnagiog
(Senerdlly laken :"s spceds in exccss of 18 rn/s). The an

spreading horizont lly ili known as the our$rrd burst-
N€r the ground, the outeard burst oftcn h&\ a violenr lift

ing effect at the outer perimeter. Swirlsofdust&nd leaves, and
€v€n rcll type clouds, may b€ associated with ir. Freqlendy,
lhere is a loud roariog noise, similar to that ofa torMdo. In
the worsl cases, tr€es may be blown down and b0ildings
destroyed. However, adownburst, not strong enough lo dam-
age bu ild ings. may sr ill pres€nt a dangcr lo ghding operar ions.
h is estimaGd that twenly percent of do\rnbursts are mo.e
intcnse than a typical tornado (Fujita 1978).

An id€alizeddownburst. ;n otherwise still ait wilt pmducr
a radially uniform outward bursl (Figurc l). If thc doq/nburst
is moving horizirnblly and €mbedded in rhe overall wind
now, then thc area affccted by rhe ourward b0rsr will approxi-
matc anellipse wirh fte major diam€rer, or path lengft, bcing
aliSned with thc ovcrall wind flow (Figure 2). The late.al
diamelcr is qrlled the path width, {nd typically would bc
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abour half toathidof thepnthlcnglh, althoughoccasionatly.
rhc downdraught .orate! as ildcsccnds. causing thepalhwidth
lo be greater than the path length. With increasjng obserya
rions of aslocirEd surf:tce damage patterns. the downburst
became classified r! micioburst or'lnacroburul' accord
ing to the horiTonlal dimensions ol lhc dnnaging winds
(Fujit t98s).

A nricrobursi is a downburst wilh horizontal dnncnsions
iess than 4 km as distinct from a nucroburst. which has hori
zontal dimensions greater than 4 km (Fujita 1985). A rypical
nucroburst has horizontal dimensions of 3 km. a lifbrine of
l0 ninules and a horizontal wind differential of 25 m/s
(Mccarthy andWilson 1984). The vertical dcpft of the ourflow
is usually between 300n and 1200n (wilson. et al. 1984).

I

l'lc. I An id€aliad downbmr in ouwise stiU air prodeing a

uiform. ra.hal ourbusl' Lines with aowheads indicare air
molio! dd dotted lines show the bosdary bctwcm thc noving
.ir dnd rhe MdistuttEd ai.. Ve.tical cross.section

FlG.2 A downbus! enb€dded in m oveiall wind flow
mljd dim€rer aligred vith fte diredoa of the wind.
Lines with dowheads or doned.ie used as in Fj*. l.

Verrical..oss seclion
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'Ihe haard to ariation and gliding opcrations
Since 196,1. ncrrl) 500 peotlc halc been killed in avi.tx)n

xccidcnts know lo involve micnbrusls lMccarth) and
\.,.rr,tJbr' ll-e t,.r rl. r rhr. ,)pc u ph.r..nr'r.n i

hazardous ro i!iall(D was documenleLl br. the Burcau ol Air
Salcly Inlenrgaoon in us cxamination oftrn rccidcnt \hich
occurrcd at Barhurst NSW on Ma)r ll, 197;l lMccarthy and

Wilson l9ll,1).
{ to$ o c, u,.,{nr .'l dr.r.,cr'rr rJlrn "ili,roJ rri.r"

bulst is shown in Figure 3. As ihe rircrrli cntes the nicro
burst, it irritially cncounters a \tr)ng hcadwind component.
which Senerates cxtrx lill. Ho$ever. lhis lilt is losl as tle aircr.rli
rn( 'u1er\ rh. J,runJrdu! ,r. l ^.. JlritLde Jn. n ne' rrrr"

the regi(rr whcrc il experienccs a strong tail wind com-
pirrcrr. Wrr\ in.ulrr.r.nr a r 'fJrJ:Id Jl ,lJde . rrr' li!r
acrion is impossible, andacrxsh is unavoidable lhcscqucncc
{lcscribcd ay hippeD withm thirry secoDds l"ujita (1978)

invesligatcd tour accidcni crscs invohing largc rcts nnd
.oncluded firtlhe k\s oi airspeed within 30 scconds, cotr

pled with downward an currcnls. resulted in thc uncrpecled
loss of flighr altitude. Most ofthe crscs werc lssociated with
'se{k I(r)king aliernoon sunDertimc coNection. Thcdan
ger to opcrarions such as lauDching s!ilplanes is considcrablc.

Evolution of downb'rrsls and microbrrsts
ln the sinrpleil crsc. thc dot!nbursL is a conscquence of

evaporativecoolingolpr..ipitrlnrn in Drid-tropospheric air.
Rxin lalling thr)ugh rclrtilcl) drr rirbelow a cloud coolsrhe
Nirb) clrporrtion. On bccoming Llcnscr thin rlre sLrrrounilinB
Nir. thc coolcd air accclcrtcs dor wards. The anount of
coolingdepe dson mnny iacto$. butchielly upon ihe intcns
itt ollhcrrirlillrnd the tenrperarure and hu nr idity ofthe sub
cloud air. ln some circunrslanccs. thc sizc .tnd Lypc of pre
cipitariolr is importrnt (WakiDroto 1985). Usually. ir is lhearr
lrorn immediately beneath drc .k)ud. which is mosr readil)
broughtto the g.oundas a conscqucncc olthe evaporation of
prec ipitati{D. Whcn thc ckrud basc is high :nd the layer of air
beneath the cloud is dccp.rnd ndi.rbaric, rhe tlux of negativ€
buoylncy is ainnined rn the downdraughl. Such down
dra ghts cao reach the ground fftm thc middle troposphere
rnd produce strong squalls (t-udllm lS80). An evaporarively
drilcn model by a lnyer 370m dccp gcncirtcs inrcnse down
dnughrs with lhe verr- snallann)untsol rairwaler as$c iated
wirhvirgr Co.diinfs tartic ulrrl] lalornrchoccu enceson
hotda!!. rincc thc laycrol air fiom the sudac€ to ihc brsc of
r.onvcctilc cloud will be dr) adiabatic. or ncrrlt so By corl
vcnrion, il the precipitnlion drat irriliaics thc do$ndraught
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flC. 3Miqobu$ situation limild to L\a! pres@t duing the !.keotr of PoAm Flighr ?59 in Ncw Orlcms in Julv 1982 Thc

dirplde tust eDcoblers a hcadwjnd dd expsiqes incresins perfommce ( I ); fiis is followcd in shon su€e$ion bv !
deresing heldwind compona! (2), a doMdtdft (3), dd nnally a strone kilwind (4). whcre 2 tluough 5 all rasulr in

decreainS prfornrnce of lhe anpbne. Position (5) reP.6e s e exlrene sihratjonjst lrior !o imp.ct Fisue (bulesv of
Walter Flost, FWG Asso€iates, trc., Tllahomr, Teftssee
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I'IG.4 Vcrli.al cros s4ri6 of Iltr cvolulion of the micrcbusl vind field based on a

sufrdy oidatd: l is Lhc dmc oin,ital div dgsu dlihc surface. Tlt shgding

dmotcs lhe vectd wind spted!, fron the joinr airpon wealhd r$dier (JAWS) proj*|,
J. Wilson, et al. From Jomal of Climle dd Applied MeEorolo8y, Vol.23, No.6, 1984, p.906.

.!aporrlcs bclare rcaching thc !nrtmcl. sLrch icrobu$ts are
clissillcd irs Dr).'

ln thc JAwl] Projecr. using Doppler radarar Slrpleton Inter
nrrionrl Airpon in Denler. Colorrdo. 1982 198,1. an avcragc
ofubout 1.5 mic(,bursts pcr d.ry within a 1600 square kn arei
weredcrcctcd during thc sumnrcr Approri ratcl) onehalfol
therc mi.roburst\ wcrc drl (Mccarthy rnd Wrlson 19851. The
sxmc sLudl showcd lh.u if! nricroburn $ere derected- then
x furlhcr two or norc $erc usually observed on tlre sarne day
(Wilson. er .tl. 1984). The elduron of the tlpical JAWS

ricrobu^r is illustrared in I-igure.1. Both Wakimoto (1985)

., rl sfl\!nJ\r la8\j LJfc r 'r" rn,.r .'i rl-"'. Ti. ^
bursts $€re evapralilcl] drilen and originatcd nc.tr lhc

E.limalion of dimen\ions and v€locilie\
in dry micmbursts

N trnr. r ic.l cxpcrincnts by Srilastltvu (1985) show thrt w(h
r.l(tr bascol3l00D Ur(lnenr drhrli. londitlons xnd n.
.nrrnrllrrnr. r dry nrierobuhr do$ndr rghr 8cn.tuted h!
.\rpoflri\c cooling coLrld be in c\ccss ofl0 m'.. rcgudl.\s
'I r,r'rrl ,r.rrr'.,rJr,rrJr',t.rr' Iu,rh.r. 'trr rtrrr

indicatcd thrl litr a Llo$ndraught \virh dilnrctcr sulll.ientlt
lxryc (2 krn), thc cffccl oicnttuinmcnt wds relalivel) minor.
B) using a l:ck)rol L.1(explaincd bclow) onrhesedowndnught
stecds,lhcn thchorizonlal outflow speeds are computed to be
in cxccss oi 28 nri s.

As descrihed jn Appendix l. considerations of nriss rDd
kineiic energy ronservation in r simtlc nx)dclolthc outwrrd
hurlt indicatc dut thc outllo$ spccd ncar rhc surlicc is

belween L0 and I .:1 timcs thc downdraughr spccd. (Thc hcror
l0 rptlics il thc outilow spccd is constanl with height up to
$e lopolihc outllo$, whilc Lhc licLorol l.4applies il (heout'
flow spccd dccrcascs unitbrmly from a maximum near the sur'
fucc to zeo al the top of ihe ouitlow) For such oulflow
condidons, the heisht ofthe outflow is 0.25 ?nd 0.35 ofthe
dixmeter of the initial do$odraughr. respeclively.

Observation of a dry microburst in Soulh Australia
Duringthc lateaftcrnoonon Dccenber 11. 1982. members

ol rhc Murra] Bridgc Oliding Club (Anon 1983) obscrvcd
a d photogaphed a huge expanding ring oidust (Figurc 5).
Thc initial core of the downdmughl qas dusl frec rnd estimaled
r^ o< l.(r\e(n b00 lnc 1l0r , i 

' 
.l'rnhi.' \ rrh Jn ourer ring

of dusr enirmied at 200 rc 250m n depth arLI width.
A lier about four miDulcs, thc dust-free core had expanded

ro abour l0 knr indirmcter. ltndtheouter r'ngofdust becmc
hr.hrr. $ i.rL' -nJ nor. d.tru'e O\er.r,l. the rmtr\'r'n wa'
oi .r huge ei(plosion. The spice,rndtinre s.ales ofthc c\cn{
closely parallel lhe iypical JAWS micn)burn. shown in
Figr.e ,l. Cliden tl! ing rn the vicinil), prcbrblr- $ ithi. orher
dotr n.lrauChr.. repofled'rnr rare'. I 5 m'.,nJ. in,,nc. :r.e.
..f l0m. \n.huseN sere rcp"1r,l alrhough''mr\inga^
apparent in Figure 5. Cloud base was estimabd at 3000ln.
Consistenl with rhal estimatc. considcmlion of the Adelaide
A rrpoft upper a ir temperrturc n)und ing rl I100 Ccntril Sum
nr.r Slindr 'liD. rCSS"I). rn cofljuncrn)n with rhc $axi
mum \trrtircc tenrperarurc rccorLled :r( l{urra} BridSe thlt
xlicrnoon (17 C). sLrgqcsls thrt rhe lapse rirle was rt, or ncdr.
rhc dr) rdiabatic rnd shorled lhat convecti\e ! loud uould have a
hrsc ol around 3200m (FigLrre 61.

Proccsse! mnlribuling ro
rh€ Mur rl Bridge microburst

On rhc avrilablc cvidcncc. il appcars thar the Murray
Bridgc microburst was iniliarcd by virga hlling from a ck)ud
basc at 3l00rn. Conscqucnt evaporalive cooling caused .tir
tu\r bclow lhc cloud lo sink. Since the layer ofair fron lhe
gnxnd to cldrd hasc wrs adirbaric. or nearly adiabalic. thcn
thc cooled air conrinued ro dccelefttc downwards.

I,xnn the suriacc dusl patlcrn, pikrt e(inates ofthe inilial
dorvndraught dianretcrud thcoutflow deplh $ere 225m and
650nr respectilcly. r ratioof0.35. This is consistent with lhe
rcsuhs of thc modcl. Thc diamer€r of the dust f.ee .ing
incrcascd lrom an initinl 650m to 10 kn in lhe space of
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FIG. 5 Succesive lhorog.q hs of s crpedins {tusrn,s ,kicked u!, by ! midobdsl
ovcr dry tields ner MMay Bridse, Soud, A6talia on lhc atiemoon ot Decembcr 12.
1982. The clc{ @re of fie dust rinS b tocarcd ned fie ce re ot cach photosraph.

l,

lt

FIG.6 TenFrstwe profilc s a12100 cssT an December r2, 1982 ar
Adelaidc AirIDn virh L\e muimun renpcrarurc tq
Mlray Bridgc sho$nj Su8gesLinS ac@vecLive cloud b6e s
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lpprorirEtch lirr minutcs. Thcrcft)rc. thc ourfl{N winds
nrust hale bccr ncarly 20 lnrs

IJrcn the rrodcl. ir wds showo thal ouLllow \vinds rre r lac
nrof1.0toI4ti cs thc term inal downdraught lpeed Assunr
ingxiact(rot l 2. thcn thcternriDaldowndrrtrghrspeed inrhi\
clscnl)Lldhavcbccn 16n]/s Assumirglir b.rrhartbercqrs
lilllc or no cnt|ainmenl inLo thc do\!ndrlught, Lhcn 1l c.rn b.
rclu..lr\.,rrLr" .',',g..lh,,,..,,t, rJr.ono r\L. ! \:r.
I C rnd that l0 trJ ll mrnLrlcs .lapscd from rho iDrtial elap
oralivc cooljns () dre iLssiprlion ol ihe oul$rrd bur sr wjnds

Discu!rion
l hc hct{)rs which nia}.e a downbuAl or mi.rcbuAt potcn

liallr dangercus arc sink rale, wind shear. iovisibility and

Ihc eMnrplc sho$s thrt sink tutes crn hc rl ie sl l0 16 rs.
rnd conlinn\ sirnilrr cstin tcs in the literutorr. _lhe 

e\rnrple
.rl\o shows.Lrlllos $iiils ol nearly 20 rDi,. n)r|lying x !vind
(liJfcrcnlial ol about:10 nrs Th( wrnddiJfarcslirl rmi) occur
sithin r distancc olonly one ortwo kilometers. Both the sink
ratclnd \inil shcar ofthc microburst are most s€vere near fte
surlicc $ hc.c airc.ali arccspecially vulnerabiewhjle linding
or llking oli.

In nl:iny cascs, thc dosnl'ursrs will not be detected bcclusc
downbursts:irc not neccssarily as!)ciaed with thLroder
norrns. Skong downdr.ruahts c.tn rly) occur in the rain liee
air belo$ haflnless looking clouds. such as altocunrulus and
r'r {eJrl,rr ,L,nru Bc.JU.ear\ | .rubr,.r,.-n,\.1 I'
clerr air no! onlv lfe they underected. thct night bc com

tlctclr uncxF.ted 1t *2s rhown !n fte exrnrplc thar thc liie
tirnc ol thc microbursl urs .rbout l(l to 12 minurcs. so rhrr
$ ithin 5 minulcs. a rclativrly quieta.elar beconre hazxrdous.
as illusrrared in Figrrc4 Howc!cr. ! is ib le clues include !irga
o. a dust rjrg on lhe grourd. ds in thc \,lurray Bridge case.

Conctuding remarks
Microbursts and downbursN lrc potentially a serious haz

rrd to avration nnd gliding opcralion! in Austmlia Overseas
studies suggest thar lheir fiequency ol ({currence may be
underestimaled. since nany go undcrcct.d.

E!en the nlo\r sophisricared conlinuous!nnosphcric sound
ing cqurU cnl crn onl,,- idenlil! th. aclLral o(currcncc md
olttr rro assislancc in prcdiction. It therclore rests with lbrc'
c:rstcrs rnd pilds lo iDcrcas. thcir undersurdrng of aho-
spheric condirrcns which fi!c.isc t, the phenofiena. and to
worktonr s thc d.\clopnrcnl olan accur.Ie aid n) prediclion
of their possible occurrcnce.
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App€ndix I
A sinplc mod.l ola downdraught, which hits thc surldce

and consequcnlly rcsults in an outward burst. is construcred.
Consider a downdrluSht with circular cross secrion of

radius Rand downward lek)city w which. upon inpacr wilh
the surlnce. divergcscquaUy in all directions within thc ourflos
hycr which js of height H.

(a) thc outllow layer has itdial vck).ity U which is con
stanl \ith bcighr (see Figure l),

(b) rass is.onscrved ard
(c) kinctic cncrgy is conserved
8,"" alsunrprions (a) rnd (b) ir ft)llows that in a unir line in-

t)1



rR'?W=2rRHU
u/w = R/(2H)

By assunplion (a) and

kineric energy inflow =
through tlJp surlice

rR:Wr=2nRHUr
u/w =1R/2H), r

Combining equatons 2 and 4 then

R=2H

ten€l mass flolv thtuugh top surirce = nass flow through sides.

...l

..2
(c) 1r tullows thal in a unit limc

through sides

..l

. .5
.6

Now consider thc case where the ourfiow lclocitv tr(z) is

J lun. rr'n.l hcrlllr /,nri d. Jrc:r.e' irtr r') ir'irr '' rrr'r\rirrlri
al or ncar the surlilce of U to zcrc al heighl z = H (Scc

Figurc 8).
Tlrus it iblbws tbal
u{z)=U (l'z/H)for0 < Z < H
As betilre under ass'rmption (b)

a/ =H
nR:u =lnR Iut,,;nto,J,=,,

=nRUrH/2
Thus U/W)r - 2R/H
Combinins (10) rnd (11) sives
R - 2o.rH

BceiLrseolsurfacc ir iclion. iL is tobecxpccledlhat the nrax_

' ,rLn' urlll \' .peed s"ulJ uc(ur dl sume hct!hrah' ^rhF rrr_

L-c. !\rLu1 crdl. rlqx4, luunJIhallhi'rna{rrnunrr)l(rll\
occurrcdrt a hcight of75m with r gnldu.il dccrease lbove and

bclo\!. It thcrefbrc nppears reasonable to suppott thal a fealislic

venical pflrfile ofoudlow specd is in bc{ween the 1wo iheorctical

Drut,te, .rudreu Thu.. ourfl^" .p.c,l can De u\pe.lei Io be

iei$ecn Lu rn.l l.r lrme' rn{ Juw raughl'NcJ rn.l rnc rarro

offie dirmeterofihe downdraughl to its height to be bclween

0 25 and 0.35.

rR']W =rRUH
U/w = R/H

Simil.rrly under assumplion (c)

f'=H
"Rrv",=)trR I urrzrdiJ,="

..9

..i0

.11

...t2

,,'13
...l,l

...15
l6

=,""* [y:];r"

IlG.? Circuld downdJdghr diversing isoLropicaUv with

ra<liallelociry U cotulet wi$ hei8h lion ncd dre su'fae

to height H.

FIG.8 Citculd downdraught diverBins isolbPicallv Nidl

radiar velocity u(z)dereding lincrlv wilnleiShr ftdn a

ndifrum of U ncd the suf&e ro aro ar heiSlt H
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