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PROJECT TOPCAT - MZT玟OROLOGICAL ASPEC'rS 

Preface 
「'

^ ｀吖

• ^ ` ` '̀̀  
丶s` \` t . ．`、 It ·,

「`｀｀ ` ````,`' 
by U. Radok c^` ^^ 

Read.er in 凹eteorology ~,~吣..
`\)\ ̀o\. 、

o\ 
University of Melbourne 

In the period between July 21 2,nd October 3, 
1963, 41 resea rch flights v1e1·e carried out by an instrument­

ed Cru1berra aj_rc r aft of 訖e Roy訌 Aircraft 四stablishment

(R . A. E .), Farnborough, England . ,「he flights were made over 

southern Australia with the purpose of obtainj_ng gust 

velocity and acceleration records of moderate to severe 

cle a r air turbulence (CA「f) w'.i.1ich could serve for a detaile d 

power spectrum analysis. It was hoped aleo to find 

indications of the physical nature of CAT . 

The r esearch pro 」 ect q_uickly acquired. the code 

name 11 ·TOPCA的 ' . Apart from the R . A.E . the following 2..gencies 

too k pc.rt in the project: the Weapons Research Establisl皿ent

and Aeronautical Research Laboratories of the Austr2.lian 

Departn」ent · of Suppl':}·, the Aus tr至lian Bureau of 詞eteoro1ogy,

the Divisions of I\,leteorological and Radio Physics of the 

COE皿onwealth Scj_entific and Ind.us-trial Research Organisation, 

o,nd the 詛eteorology Department of the Univers ity of Melbourne . 

The flight operations were led by 「llrs . Anne Bu.rns of the 

R.A ．四． who during the mos t crucial st9,ges of the project 

a cte d in close co-operation with Dr. 四． n. Reiter of the 

Colorado State University, Fort Collins, U. S .A. 9 (brought 

to Australia with the help of a gr ant from the Dep巳rtment

of Supply to the University of 飩elbourne).

The initial stage of Project TOPCAT da tes from 

preliminary discussions between Ivlrs . Burns and. the writer 

at Farnborough in February 19 61 and v✓as taken up by pre-

parations . While the gen er al development of flight instru-

mentation and technique-s lJroceeded a t the R.A . E . with the 

assistance of an observer from the A.R.L., Mr . C. K. Rider, 

all available par;t info-rmation on clear air turbulence 

was a s semble d in Australia. 



Shortly before the start of flight ope rations 

晦 ． K . T. S戸 il:;_3臨， tbc:n acti芙； Head of the B咩eau of 

-2-

l\k teorology ' s 卫ese arch S2ctio:r1, orgsmise d. the meteorological 

support for the trials a nd. pr0~ared a study of th8 jct 

stream and of CAT models which d.et ,J.crnin.:;d bot乜 the forec ast 

methods and to some extent the flight rout i nes to be adopte d . 

This study forms the first papGr.of'the report . 

「h;J -first phase of the nctue.l tric.l s l a sted from 

July 21 u丑til September 2. Dv工'ing t h j_s period. the 

meteorological direction came from the Bureau of 「,;eteo 1·0 logy ' s 

Division訌 Of'ficG in 1這e1a1 dc sVud was 訌 the 犀nds of 

蝨． E . 1/iizon'>'iho had the assi sto..nce o f 這 ． L. Mitchell in 

Adelaide and of ；囘 ． Spillane I a ·gr oup (Mr . G . 瓦 Sabin

and 詛ss L. J. Armstrong) at the :S.e search Secti on in 

Melbourne . The forecasts a.na flight[.l,pp「aisals for this 

kcr1Od are discusoed by r\「tr. 1\•1i·z.0!1 i n the second paper . 

The f i rn:11 phas8 of't五c 囝OPCA'r trials started on 

September 3 when Dr . E . R . Reiter of the Department of 

Atmospheric Science in the Colorado StatG Univer s ity took 

over the me t eorologics.l dir ection. 

「心 ． Mizon' s -t;ransf e r to Sydney. 

contact with both Nir. Mitchell a t 

of the trials follcv:ing 

Wo r king i .、n co nstnnt clos e 

the Adelaide Divisional 

Office and with t he R.A..E. flight t earn l e d by ii/Irs. Burns1 

Dr . Reiter int:rodi.;.ced new fo r ecast t ~) chniq..:..es which proved 

outstandinely successful . This st ,:1ge of the trials is 

surv eyed ·by Di~ . R0i te r h j_mself in the last paper. 

'.rUo t hr oe P」4per s a:re pre sented as p1'climinary 

contribut i ons to the f ull r eport on ope ration 生OPCAT , to be 

published probably by the R .A.E. Tlrny a r e intended primarily 

f or the use of participa nts while pr2pa;ring the i r own report s 1 

a nd no attempt ha s been ·ma.d(~ to reconcile such differences 

of opi nion as emerged dtrring or since the trials conc erning 

the most _suitable methods of forGc ~sting CAT. Such a re -

concilia tion is c;~pccted. to coc1c abo ut with the detailed. 

a nalysi s of the TOPCAT data which in genera l hold out promise 

of a subst3.ntiSt.J. adv ~:nce in our understanding of cle a r air 

turbulence . 
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A short account is given of clear- air 

turbulenc e (C驃） forecasting r:.: od.els and procedures 

used in "Project TOPCAT11, from September 1 through 

October 3 , 1 963 . Some. prel :-i』1:inary results from 

the pro ject are communicated. g 
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SDC0頂）囝L\SE ， 繻PT卫」正認 1 - 3辺二學；3 ．------- - -- -- - - -- - - -- --一－ 一 4 __ ··一－

by 

El mar R . Reiter. 

(1) 江立2主工孕乓

During the period July 21 through Octob8r 39 1 963 9 

sp ecial research flights known as 11Proj ect 『 ()J~CA'l1 ; i were 

carried out'by a Canbe r ra jet aircraft of the 卫oyal Aircraft 

卫stablishment 9 Farnborough . Th e p~rpose of the s e flights9 

wh ich were conducted over South Austr8 1 ia9 Victoria and New 

South 嗨les 9 was to cletect clear a ir turbulence (CAT ) c.nd 

to obtain r Gcords on g t1st intensiti e s anc1 gust frequencies . 

Since CAT usually occurs in sm8.ll and sl1.c:::.llow 

patches9 thus constituting a microstruc tural phenomenon of 

atn1ospheric flow 1 its for oc2st ing from the macro-Tirntoorological 

mea s urements of the general rawinsonde systcm . pres8nts a 

nuri1ber of difficulti e s 。 These difficulties were incren.se d by 

the rcquir erri cnt 9 that moderate and severe CA'I'should bo 
言～＾ · ， ． ．－ －－ - - ··巳－一 － ·

present in order to produce us co.ble records for pov1or- spectrum 

analysis 1 and by the lei.c l: of up per-air infor,;m tion ov er t且 e

vast regions of the Indian and t he Southern Oc eans 9 from ·wh ich 

t ho j ot-strcam systems vrnro approaching tho 2,rea under air-

craft surveil耳nce 。

In vi uv1 of these problems 9 the CA『 forcc 、3.sts h2,d 

to rely lle::avily upon turb ulence 11 modcls" obt8.」 n cd from the 

northern hcmisphcrc::9 8SP CCi:J,lly from the Contincnto..l United 

States 。『ho following prc liii1inary r epor t shall given short 

summary of these -c10Jclo c1--plo;;,rod in routine C嶧 forecasting

during the period mentione d ;Jbove, of 切cir r e1ative advant-

a ge s and drawbacks9 ospociaily un區1· tl1C cond讠訌 ons prevailing 

over Australia 。

(2) 尘塈§j1學二上竺學竽

A numl> or of sto.tisticn.l invcstigo.tions of CAT from 

the North(Jl'n Hcmisphcru (for li. tcro.tm..C S0、 l~ c i tcr l 0GO 9 

1961, 1962a , 1963a,b ) indicou to a sharp d ecrease of frequcncy 

of occurrence with incrcnsin0 0 u s t velocity . Tho following 



tab1e sumnarlz cs somo o.fthese fi:ndj_ngs . (III-2) 

『ab1o 1: CA．里邳xpocta`ncy

Source of 

InforP.18.tion 

Altitude 

Range 

CAT 

Intcmsi ty 

Frcaucncv y of 

Occurrcnc o 
- 囑 一 － - －－－－－一一 ． 一 一 - －一 － － 可 ＿＿ 一一－一 ． · －一－-－一－. 一一 － －一· 一－－ -- 一 －－一一一－ 這-·一 — - - - - - －一 ． ＇ －－ － 一 －．一 ，刁－ - ` 

Cl em (1957) 25 , 000- 45,000 light CAT 
ft moderato 

sever e 

19 彷 of all fli ghts 
12 痴 ＂ " " 
2 痧｀1 ;'" 

Estoque (1958) Maximum 
froqucncy at 
250 mb 

His lop (1951) 25;000 ft 

2 ft/ sec 
5 ft/soc 

10 ft/s ec 
涑 - 涑 一 - . .. ._ . 

4 ft/s oc 
8 ft/s oc 

12 ft/sec 

15 恰 of 远 flown
1. 咢 of 皿 fJ.own
0.15痕 of 園n f1own 

l guf3t per 13 lm1 
1 苞u st per 97 lun 
1 gust per 650 km 

Hyde (1954) t0 49~000 ft 

to 361000 ft 

22,000 to 
28 , ooo ft 

Hur均y (1 953) -100 to 200 mb 

light to 
moderate 

吡odero,tely

sevcrc 

v ory scvcrc 

g
" 

123 ... 000 
｀
乙i
`
v
h
-

213 i of all flights 

7 % "" '' 

0 . 2 o/,~ of o.11 flir,h ts 

37 . 4 戶 of all fli ghts 
4 . 9 % " " " 
0 . 2 孚＂ " " 

Conditions over Austro.lin off11cmd v1ould l c) t us sntici­

pate 1ower frequoncies of CLT t han indicated in 用ab1o 1 , due 

to tho 1aok of gp nreo鈞blc orogr:::i.phic sources 9 v1hich certainly 

contributo to CAT frequencies c:ncount crod for instance over the 

Uni tud Sta tcs 9 (.Spocic.lly OVQI'the Rocky Fountains 2-.nd tho 

AllLghcnics 9 o.:nd duo to the more zon;. ... ~l conditions of flow in 

thc Southern 1ternis p l-、＾ re v11lj_ch o. rc only infrequently intr::rrupted 

by tlw forn a tion of deep troughs - :J.lso l'-noYm to stimul~to 

gA? fomn̂. tion (Co1 son 1962, Tte itc r 1962b) ． L31王「 0 訌r m.'.lss 

contrasts,~r1icll rcs t~ l t in the form勺tion of ;::;t「1.b lc layers o.nd 

of ln.rc,J vr.:;rtic::i.l wind shears n,lso sc:e.r,i · to occur lcsr.; frcquurltly 

:1.,.1cl to o. lc::;sur dcr:;rol) ·of intc1;sj_ty ovor i'.ustrc-.. li.::1 th:'J.n over the 

Uni t cd St....... t(:c, , tlws providing l csG ch:-1.nc c for U1c1 fori可:J. t:Lon of 

gl`（氙 rinr, f'_l ',-:v:i.ty wn.vcs.'.l.s 2, possj_bJ. o Rourcc of CA'1: . 
On th (; otJ-1(;r h,",nd, i t wi1J- h a v c to be bO1~ne iri Inind, 

thr-t most of thc data conpi1od i i1 '?nb1e 1 werc ob t·,..,.incd e ithcr 

roni r outine cor.1r:1e:1·c :Lal fli [:ht['l 9 or :from.f1igkts cxp1oriug th o 

,'

, c 

A-u 



n2.turc nnd s tructure of j ut stro8.ms9 rn thor thnn of CAT, (III-3) 

whil e tho present research flights wore schGdulod to s c-'l rch 

for C匿 and th z~ rcfora v~e;re dispatche d into r egions of 

anticip8-tod CAT formation. It v,as hoped thnt thi s pro一

c cdure would at l oo.s t in purt offset any effects of tho 

recul i ariti os of the j ct- strenm ove;r Austro.lia upon CA「「

froquoncy of occurrence . This apparently was the: case 

boc.s,uso out of 15 special fli ghts 6 produced usabl e 

r ecords of moderatu turbulence 。 ])uring the flight of the 

morillngof Septembcr 24 one moderato to scvcre gust TJas 

cnc·ountorod,．？這 ch unfortunately rcm~incd unrecorded ( soc 

T司~ble 2 ) . 

Table 2: CAT enc ounter during TOJ?Cli.T flights 

Date 

4 Sopt . 63 
5 
6 

10 
11 
12 
13 
14 
16 
17 
18 
23 
24 morning 
24 a fternoon 
25 
26 
27 
30 morning 
30 ::i. ft crnoon 

l October 63 
3 morning 
3 afternoon 

｀｀ －一· -－L -、.`-..- ' － .,

Eorecn,st of Aircrnft 
CAT flight 

Ye s No 
~- -· 2 

Yos YcG 
頁o Yes 
Yes YGs 
Not specified IIo 
Ye s Yes 
Yes Yes 
Yes Ycs 
No Yes 
Yes Yes 
No Yes 
No Yes 
Yes Yes 
Ye s Yes 
Ye s Yes 
Yes Yos 
Yes Ycs 
「T o -x T es 
Yes '.LT es 
Yes .:( e s 
No Yes 
Yes Ycs 
Yes Yes 

CAT debri e fing 

翌odcr0-to to Gtrong 
訌 o

Light 

Light 
Moderate 
Ver y light 
No 
Pcrc cf) tible to s light 
Slight 
Very slight 
Light 
Light 
Light 
Sli霎 t
No 
No 
Li ght to moderate 
r' odcratc to severe 
No 
fo. gh t to moderat e 
Light to modor o. tc 

The application of 心湟 models to forecasting there­

fore i ncrons od tho odds of encountering moderate CAT to 

nbout 40痕 of all fli ght s ns compared to approximately 10 t o 

12 % according to Cl em (1 9G7) and 訌yde (1954) , and apnroxi-

r,mtcly 哪 nccordi.ng to T-rnrr:1,v (1 953) . 1\l th ough the :number 

of ros cci.rch fligl1囧 should no t bo cons i.dcr ocl ::.1uff」ci ont to 

warrant a valid s 切tistico..l st::ttcli1cnt of thio kind , th o odds 

wou1d increase evon higher i f onc e1ir,:inatLd thoso four 



flights from consideration, in which C肆 was not anticipated (III-4) 

in the forecast, o,nd not found ei the:r . 
From the foi~egoing we Jl.:iD..Y cJ.rriw the following con-

c lusions: 

(i) Some of 詎e CAT models 8,p}Jlied in arriving at CAT 

forecasts were able to increase the odds of encountering 

turbulence significantly above t..he expectancy for random 

flights . 

(ii) A cert2.in relationship between m：：：姪o -meteorologic訌

flo v., patterns in the jet strenm regi.on r.nd micro一 sc!'.l.l e 

disturbances, as evident from the occurrence of CAT, which 

has been assu11ed in urri ving .9,t these fo:rcc:.1s ting r.1odcls , 

evidently is present in the atmosphere, but does not 

suffice to pinpoint nrens of CAT precisely in 2.dv:::..nce . 

An atte:r.ipt to cor:::pc>.ra the percent~ge in miles flovm 

in CAT with 卫 stoque ' s or IIislop ' s findings presented in Table 1 

ho.s not been r.02.de, because of the peculi2.r sc::trch pattern v1hich 

was flown once a C.'.T patch has been found c..nd mnrked by smoke , 

penetrating t且 e s2me CA匣凡r oa agoUin 勺，nd.1. r,,o. in . This ser.trch 

patt0rn evidently biased t he data in fovou:r of too m.uc11. CAT when 

com pared vvi th t~1.e c囯ta presented in T.'.".bJ_e 1 . 

( 3) ~逕上正三逞二二

(a)~ 瓦orec臨丑呈正- from 孖o；勺認 on乜1 ?undVerti c江 Sh氬1^
---------．一

「t.,vrnmctcr 尸
一一 · ·̀ ...L· - - — ^ 

A technique of'forec^Vsting CA1`, wl?ic七 h?s beon dcve1on ed 

by George (1961) was L• sea.· during the trio.l :period July 21 throu的

.\ugust 31 . This technique: in essence lc;ol~s for 8.rcas in v,hic h 

the horizontal wind shco.r exceeds 50 :mots per 150 n.,,,utic ~̂1 miles 

o.nd in which the vertical she>:,r sinul t ,'lnco ti sly renchcs V.':'.lues in 

GYCCSS of 6 knots/1,000 ft. 「urthormore, 這叫. speeds should be 

greatcr th'.:'.n 60 l勺nots if CAT,＇－!勺,s to be cxpoot 辶 d in these oro?, S . 

It w?s a·ssurLicd thgt CAC` mayoccur in a 1cy c.「｀－之1ic;"L extends from 

3 , 000 ft below to 7,000 ft :;.bove the l ".:r c:.. r in w互i o E t辻e g缸e?1、

requirements mentioned obove or e net . 

In sc2.:rching for ::,odcrr..te to scve>rc C.':..T , this forccr~st­

ing technique did r.3 t provc t : t : vcr::- SRC ：：： 辶｀ S 3i\:1 . ']: i1o it 

c ertn.inly m.1.y 」立1t success in 2又9土~1上孽； ccrt:-::.in r (_,gions of 

posGiblc C.\T, it dOL'S not produce sh-;.rply enough d(finc d r egions 

r.:itllin v!hich r:1.n !'J.ircraft of J.irr1itod r['.ll[!;C might s ucc(:ssfully 

explore th;:1 旦escnco ofturbu1ent patchos . 四因 「國s on for this 
涑涑 一－ ． ． 涑勺

fnilur c may be.: sought in se:vor.:::.l cRuscs: 



(i) 咩e vertica1 extent of the 1ayer in whi ch CAT might (III­

occur according to the predictions given by this tech-

nique is too deep to of:f'er more than a mere- chance 

encounter by an aircraft searching for turbulemce. 

Conversely, one might question the practical valu e of 

avoiding CAT by closing down an excessively deep airspace , 

when observations EJeem to indicate that t urbulence 

actually occupies relatively thin layers. 

(ii) It is difficult to see 1 how horiz()11._tc_1_J shear which 
一－一 ~ ． ． ~ ．． －． 一··- · 一·`

usually is at least two orders of magnitude smaller than 

verticcJ,l shear , could provide an immediate physical input 

into turbulence generation oth2r than in a fe•.v special 

cases (Cloclrnan, !IIorgan and 區11 , 1961). Instead of this , 

the 1Jres ence of r elatively strong horizontal shears should 

be taken as an indicator of a stable b8.ro clinic zone 1 in 

which strong wind shzars teY1d to be conc~ntra ted 9 inter -

secting the constant--pressure leve l under inves乜gi=l. tion .

A direct s8arch for such stable layors 1.-,i th vertical wind 

臨ears concentrated in them v;o1..:: J.d therofore appear I:1 ore 

frui tf'ul. 

(b) 媯 in g主立呈且盡．「J醞尹逗
Under the assumption, that CAT may bo caused by 

tho presence of gravita訌onnl shearing wavos along a st2.ble 

"interfo.c e 11 or transition l ayer, several flights were 心 S一

pa tchcd into r Ggions where such vnvc forrna tion might meet 

favourable conditions (see Acpcnd認）．

If stable l ,1.yors v1oro r 、̀ported in the uppe r tropo­
sphere of the Woomera or Ac1olf:l.id e soundings to.ken prior to 

flight timo9 the shoars compute d fr om tho wind reports at 

t llc s t o.ndard l evels on oi thcr side of such st,-:;.ble l ayG rs 

vrnre assumed to b e largely concc11trGtcd 1·:i thin the:sc st8,blo 

layer s r:lthor t han to bo spTco.d out uniformly over the dopth 

betwe 螠．n tho tvrn r oporting _s to.nde1．四 lcvols.

Using the equation for gro.vj_ty W8.vcs wit上1 CI、 itical

wave l ength L,,..., with vertical donsity discontinuity and c 
vortica l shonr 

鼻

e

L 
2 

7 ( .t:::.u) ． 勺 ． To 1 
＝ 一 －－－一－-— g (1) 



missions. ~ u o.nd 凶 in cqugtion (1) m這「比blo 3 give the 

vertical s}1e;nr :.:i.nd vertical t cr.1porc.turc discontinuity assumed 

to exist across the intorfncc. The subscripts o and 1 rofe:r 

to the lowor a這 upp,:;r layer rcspccti vely. 芍 is the mean 

temp eratur·e of the two adjacent 1ayers. 

Tab1e 3 · 

Vertical v1ind shear 6._u (m/s ec) for different t emperature 

discontinuiti e s and critical wave lengths at an int i2 rfac0 . 

4T 工」 = 200 m L = 100 m L = 50 m 
C C C 

20 2 . 3 m/scc 1.6 m/soc 1 . 2 m/scc 

4 。 3.3 2 ; 3 1 霉 6

6 。 4.0 2.9 2 . 0 

8 。 4.7 3 . 3 2 . 3 

10 。 5 . 2 3 . 7 2.6 

The fnct tha t microstructur8』1 doto..ils seemingly 

r e sponsible: · for waves of 11 CAT lengths er.mot b0 nssGssed 

(III-6) 

directly from tho avnil心le: soundings, 媯us, introduces a large 

factor of chance into tho nctuc.l obs orvo.七ion of CAT within 

microstructuro,l stable and shearing l n.yors . 

If no such layors wc.,rc ovidGnt in the upper tropo一

sphere, cxpJ.orntory flights 可 er e scheduled in tho vicinity of 

the tropopGusc level which in first approxir.intion W:J.s consid­

erod ns a discontinuity of essentially tho s,2mc qu,.,liti0s as 

described by equation (1) . 

Ji1rom evidence obto.inod over the Uni t a d Statos 

(Reiter,1962c, 1963c; Reiter nnd Nnni 2-,1963 )thc significance of 

vorticnl ;!]_逞上罕 shear, produc e d by a s區rp turning of wind with 

height, in tho generation of CA'I.1 with,、!ind sp c-;ds much less 

than 60 lmots ia,:-,o realized. Thc? c · o.rec.s -.vould not :1.orm:::i.lly be 

considorod in forGcasts based on GGorge's method, mo.inly 

because of thG woak winds. 

Such rcgj_ons of rclntiv0ly l,、rgc v ertical v0ctor 

sho:::tr occur froqucntly in tho entrance r ogion of 2. well 

dovolopcd jot rnaxir:1um, whtJr c two j ct fingers - one coming 

from the north-west, one from tho south-wost - o..r c; mcrginG . 

CAT was found to 0ccur o.long the conv e r gence; linu between 

thosu two jut fi ngers in /J. r egion of 11~ winds, and ·within ~---'- ' . 

c. stable ln.ycr showing c. sh!J.rp turning of wj_nd with height 

(soo Append」.x) . Tho fact, tho. t n turning of wind in CAT r egions 
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that the small- s cn l c phonorn(.non of CAT dr21.,11s its pGrturb:1.tion (III-8) 

E;ncrgy in essoncG fro;11 ineso- s cnle disturbn:nccs, it would not 

surprise th:::i.t som e of the turbu l ent pc.tch0s oncount orcd during 

Project 『 0卫CAT sc (,med to be rath 、,r long-lived. . 咋e flight of 

September 12 (soo App endix) presente d the most interest ing d.nto. 

with this rGspcct ~ nt..-'J . r 政1kc- Dutton, S .A . 1 the r.ircrnft 

encountered n s預n ll pat ch of rn.odc,ro, to CAT, npnroxima tely 15 

miles in diam et or, ombcddod in nc.~.rly l :1.minc1.r surrounding flo v1 . 

The: · patch wns no.rke_d by a srnokG traiJ. P.nd wo,s thon pcnetratGd 

again o.nd ngo.in from different directions . After following 

the ·oatch for o4y、 roxirno.tcly 45 minutes, v:1hi lo · it tro.vc-llod in 

the prevailing upp(..r current over a l ,-:1.ost 100 miles, preserving 

its ic.lenti ty as well ns its gcmer？二L level of turbulence intensity, 

the measurements had to be discontinuted for lack of fuel. On 

this occasion, th e observation 、 of the smoke trails see匝ed to 

indicate a wave pattern with ·wave lengths estimated to approx­

imately 50 to 100 yards in _ turbulent flov1 . There also seemed 

to be a marked dj_fference in smoke trail appearance between 

turbulent and la口inar flow (see Appendix). 

It is doubtful, whether or not t he freasuremcnts taken 

during this fligh t will resolve t he question as to the effi ci:­

ency of frictional dissipation of turbulent kinetic energy in 

the fre e at印osphcre. The final interpre ta tion of data will 

have to consider , however , th(1 t C1\T encountered in this and 

similar, but less strildng, other cas es , v,as surprisingly 

long- lived, thus suggesting ei th cJr a continuous transf er of 

per turbation energy from mesa - struc tur e t辻rou gh CAT to frict ­

ional dis s ipation, or else a CAT mechanism which consumes only 

very small amounts of per turbation energy , thus being able to 

maintain itself Yvi thout drawing a. larg o :.::.mount of onergy from 

mcsostructural c1isturbs.nc es . Thi s woulcl b e the cas e if 

11undulanc o II in the form of gravity- type vnve disturbancos 

along internal d~nsity dis c ontinui ti cs rath c.:;r tha n 11turbul anco'1 

werG tho main cause for the bumpiness observed by tho aircraft . 

(c) 邑9立 · 星辶卫ffects21.CJ\. 「「 0ccu.rr c羋£

Most of thu research fli ghts of :i?ro j cc t TOPC!i.T v1crc 

stage d from tho Roynl Austrnlinn !dr Poree Bri.so n t 「dinburgh

ncar ;dde1aido, bce 巳use it wns f elt th:.:,,t thu Fou11t Lofty nnd 

Plindors Rnngcs extending in et north一south clirr.:ction approxi ­

。mntoly alo.nr; l~?S"E might contribute fnvorably tow竺rc1s highe r 
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certain exteri.t upon its shape . In the case of the :Mount Lofty _ (III-10) 

ranges, which rise out of the ocean, the frictional differ-

enc es between land and sea 1.,vill amplify their orographic 

influence especially with southwesterly winds blow江g fr om tbe 

Bight . Such winds will have to be e:q)ect ed with the passage 

of a well- developed trough over Adelaide associated with a 

surface fr ont . 

Postfrontal conditions also are likely to yield a 

decrease of Scorer ' s parameter (equation ( 4)) with height up 

to tropopause level , a condition which is required for lee­

wave formation . 

The weather ~i tuat i on of September 4 (see Appendix) 

constituted an ideal cas e meeting botl'l c onditions outlined 

above . The flight which was schedu l ed along the tropopause 

leve l enc ountered moderate to strong turbulence near Stone­

field . Unfortunately , tb.8re was not enough fuol left to 

explore the full extent of the turbulcmt area , esp ecially 

whether or not it con乜nucd upstrear.1 from the mountain range . 

Sinc e r·1os t of the CAT s earch flight~ were carried 

out in tho gEmeral vicinity of the Plindors and Houn t Lofty 

ranges, the possibility of terrain e:f'fects c anr:1ot be ruled 

out exc ept fo r tho cas \..encounter ed ovor Lake Dutton described 

earlier. rrhe turbulent r egion in this i nstance was encounter e d 

well upstr eam of tho mountain range over fls,t t Gr r ain . Its 

drifting with the wind during s uch 、 an extended period of time 

also suggests a non- orographic nature of this turbulenc e 

patch. 

(4) Conclusions and Rc c ommondations for Furthor Rcsearc虹

(a) 亙va1uati on 2上上2正這主芸ing T e c一泣主吐竿
From tho foregoing it appears tlmt' .the conc-ep t of 

CAT being a :phenomenon essentially e.ssociatcd with v ertic_al 

stability and vector- wi nd shear is qui t o vc\lid . This v1ou ld 

suggest a generating mechanism for CAT s這ilnr to tho for ma­

tion of travelling gravity waves . Forecasting in order to 

cnco~ rath er than to 尘尘:..q CA '.11 apparently d. C?ma:nds · a moro 

specific conc ept of the physical nnturo o.fCA匣 than is gcm1Jr­

ally £wailn.blo from corrol几tion of turbulcncG roports v1 」.th

迂rgc- sca1c we:\thcr pn tterns. It su\.ms, h o,,• cvcr, thc.t only 
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(III-11) 

technique . In the end , n tcchniquu should. only bu cons idered 

so. tisfactory if it i ndi ca tcs tho [~rens of po sci blc CAT and 

excludes thos e which ·wi ll ~已 contain turbu l ence . This 

bccomGs 0ssentj_al in crowded 2..ir s-pnc es , ns for instanc e 

in some r egions of the UnitGd States or Europ e , wh0rc 

c ertn.in n r eas ca nn ot b e nv oidod by air tr:lffic, but a choice 

of a suitable flight l ov e l may o..t l east !'1,ll ovinto the haznrd 

of encountering strong CAT . 

Furthermore, the stability and she:1r conditions 

as observed i n the upper tropoRphere and l ower stratosphere 

during Project'l,OPCAT l ending to certain CAT perturbations 

of 訌mospheric flow which ye t wil l 鷗ve to be evaluated 

fr om the 螠rcraft r ecords , mo.y ec.sily be cor,1po.red with c on­

di t i ons of flo w nt higher l evel s of the stratosphere , v1here 

sup e rsonic transport a讠 rcrn.ft w111 bG operating . It appears 

to be of i mpor t"".nce, therefore, th忥 the UAT forecc.sts 

mo.de for Project'「O:PC罈 and descrj_bed above could be v er ified 

r easonabl y,0rn ll , t hu:::i valid江江g the physical model upon 

如ich t hey wer e bo.sed . Thi s mod81 now may b e ad justed 

e2.si ly to hit;her l ev els of the atmospher e . 

(b) 竺竺2立竿三立粵二罕
Original ly it has b een s ugges t ed to use smoke 

trails o.s i ndicators of the ::1.tmosphc:ric disturbances causing 

.CAT . Some vi s ua l obsorv2. tions of ther:;e t r ai l s r evealed a 

marke d difference in smoke tr:1.il appoaranc o between lo.minar 

and turbulGnt flow . SovGral of thG severer 11bu mps 11 sGemcd 

to mnni f es t thems e lves in n s t c::plilrn discontinui ty along the 

smoke trc.il . On at l eas t one occas ion t h o formation of 

r o. thc.: r short (50- 100 yards) waves 訌ong the extent of t he 

whole tro.il has been r oport od ( soc Appendix ) . 

As a whole , however, tho photographical techniques 

did no t prove to b e v ery sa tisfnctory . A 34 mm cine 

camera wi t b blac k and. white film v,ns us od for s芷okc tro. i l 

photogrnJ)hy. Due to tho ro, ther strong haze which vms 

fr equently obs erved i n the uppe;:r troposphere , the S111o ke puffs 

did not 户ovide Stlff icicnt c ontras t to g ive uscablo photo一

gro.phs . It is suggested , the re.for1..1, tha t cxporiPi en t s be 

c::i.rr i cd out under vnrying sky r·,nd vi s 」. bility conditi ons , with 

di fferently coloureds門okc :::i.nd with colour f~lm. 1, c.':'.mor.'J. 

somcwh.'.l t · lit;h t cr o.nd ens i cr to 11:::mdl e th、~n tho r athur bull勺

cin cmn cnm cr:.1 mi ght bo of c;,dV,'J」ntage .

-̀「hilo the smoke trails l oft something to be desired 



in revealing the kind of perturbations responsible for CAT, (III-12) 

they proved 

and identifying 

c ould the 

to be invaluable 

them on 

for 

subs equ ent 

marki琨苓 turbul unt pntches 

Only in trc`verscs . this 

fashion 

areas 

long-liv()d 

ustablished with c ertainty. 

(c) 

be 

Su毋estod Avenues 

While 

dimensions 

it 

nature 

of Future 

of some 

Research 

the data 

large SCC!」l e

will be possible 

of turbulent pntches, 

obtained during Project 

of turbulent extent 

g'.lin 

nnd follow 

to 

TOPCAT, 

r egions 

th e 

of the turbulent 

is 

some 

thci:r 

idea 

drift, 

question 

still l eft 

of the 

of 

from 

the 

open . 

As soon us 

investigate 

the 

this 

ure 

S?」mo

the 

it 

resuo.rch 2.ircraft 

commenced to 

spotted 

fly o.dditional 

of 

turbulent patch, 

measurement :program . 

individual patches 

in nccordo..nce 

CAT worth while to 

In 

it 

addition 

would be 

of 

to 

travers e s 

the 

through 

objectives 

knowing the 

of interest, 

of 

struct-

however , 

to measur e tl1C overall oxtent of turbul ent ZOnQS c:,nd their 

location and orientation in space . It is rccommonded, 

fore, that 

taneous 

with 

. ser10US 

two- aircra ft 

esscnti.1.lly 

consideration 

survGy of CAT r ogi ono. 

instrumento式；ion s.s the same 

should bo 

Canberra would carry out me8.surement 

equipp ed wi t h 

given 

One 

to ，』

Project 

f lights through 

physical 

c.utomatic 

there­

simul-

ual CAT 

aircra ft 

so c ond 

patches 

aircraft, 

calculating 

exp lore 

耳yors

s econd 

and 

have 

the 

and 

in order 

profornbly 

a1ong 

aircraft 

intensity 

r ecordi ng 

to ass e ss thoir 

equipment, would 

TOPCAT ' s 

individ-

nature . 

wind 

A 

atmospheric 

rclo. ti vely long o.nd 

should nlso 

layers 

ke ep 

of encountorod 

in 

CA里 ．

and 

2n. 

siri1ul tnncously 

adjo.c ent 

straight fli ght l egs . 

log 

not 

::i,ccurate 

to tho CAT 

This 

on position 

to equipp ed g ust 

however . 

b e 
」L

even deep or 

Vii.th 

possible so 

combination 

insight 

fc..r . 

into 

expensive 

of both 

the 

It 11•1ould 

sots of 

physical 

recording 

shou]dyield 

of Ci血 than

data 

nature 

. nocessnr).ly 

equipment 

an 

is 

li··-U-

''fuet̀  

g`+-



瑯F卫REt\T C詼S

Clcm ,LoRoy,H. 1957 Cl (III-13) 
02r- c:1,ir turbul ence from 25 , 000 t~ 

45 , 000 fcct over the United Stutes . .,:".ir Vloathor 
Servic e , 『 c ch, Hept . n o . 105- 147 . 

Cloc1m2n, 」 ．， , G . H ． 店orgnn,Jr., & B社1' 」 ． T . 1961 

',_I'

'n!,'.̀  

turbu1ence . Air'－－oather 。 ·0ervice 黯ch . Rept. 158 
Col son, DcVer, 1962 A;no..lysis of sp cci2.l cl cc::. r - .'.:'..ir 

turbulence prof;rnm for 鼯rch 1962 . Paper given at 

4th Confcre.nc e on Applied 翫teorolo r;y . Ho.r.1pton, 

黯．， Sept. 10- 14 , 1862. 

Corby,G.;'. . & C. E.V:nllington , 1956 Airflov>' over noun to.ino : 
the 1ee-wave alip1itude . Qu 邙rt . J ourn . Roy.Heteor . Soc . ,
82: 266- 274 . 

High- level 

Daniclsen,E.F . 1959 

nnd its reJ.a.ti on t o tho concept of n tro:nopn.uso . 

1.rchi v :Me t eor . GoophJs . , Bio這im . ,S cr . A ,11(3) ~293- 332 . 

Estoquc,H.i~ . 1958 Sooc ch勺4「'、ct cri s tics of turbuloncc 氙
high altitudes . Gc ophys . Rosec. rch Directorate , Air 

Fore e C.2r.1bridge Res . 瓦b., Res . Note No . 4. 

George, 」 ． 」 ． 1961 Prediction of clear-a ir turbul ence . 

Sholl Lviation nov'1s, l、To . 273, I呈rcb 1961 . 

Hi·slop, G. S . 1951 ClcQr孓ir turbulence ov e r 陶rope . 」 ． Roy .
Acronnu t. Soc . , 5[j: 185-225 . 

Hyde ， 鬥 ． L • 1954 High n l ti tudc 1J.ir turbulence . Fligl邙， 65;
492-1193 . 

Th e 1亞」11.「,r stru cture of tho 江門osphore
4. 

Murra.y,R . 

一一···-----·-－一

1953 Th0 upper tropo sphc- r c and lower strata-
sphere near jet streal3 S : 邙 oxacination of obscrv-
訌ions r;inde by the ~fotcorologic o.l Re s earch Flight , 

Farnborough . l\fotcor . Rcs. P[).por No . 813. 
Reitcr,E . R. 1960 Turbul cmz ir.:t wolkenfroien Ro.un (Cl enr -

, . 
Lir'.r'urbulcncc) . Bc,richt o cl . Deutsch : 1:cttcrdionstos, 
No . 61, 42 pp. · 

1961 Uetooro1 ogi c der Stahlstr~me (Jot Streams) . 
Springer Vi cnnn, 173 Pl) . 

1962a Die v crtik::i.l c.: Struktur d~s Str8.hlstro严

kornc s e.us 『orschungsflllgc:n des Proj uct Jct Strcnn . 

Ber ichtc d . ])out s ch . '.f cttordi cn s t cs, .No . 80 , 30pp . 

-- - - ------ 1962b The n tr..losph 0ric 這cros tructurE:: ri.n c1 its 

b e~ring on clc,'.lr- r,.i1· turbul unc e . A prc:li~in2.ry 

report 。 Colorf'..do Sta t o Uni vcrsi ty J. t□osphoric 

Seience Tcch 。瓦per 酮 ． 39 .



Reiter ,E.R . 1962c 

lence . 

Sc ienc e 

Colo:rado 

Tech . Paper 

1963a Jet - Str eam Metco1、ology ,

Chi cago :f?ress , 

1963b 

turbulence , 

State 

especially 

Uni versity , 

No. 41. 

1963c 

turbulence. 卫｀ inal

s i ty, 

1963d 

Atmospheri c 

of certai n 

profiles . 

Science1 

A 
case 

51 5 pp . 

and Nature 

Oc currence- and 

邙勾逞oratory

mesostru c tu r al 

Colorado 

Tech . Paper 

一一一一一一一一一一 ， H.Lang ,

Forschungsfltlg e 

五eteor . Gcophys . ,

& A.Nania 1963 

R ． 凹ook ,

一一一一一一一一一一 ，

. a1l勺 turbulence . 

Schwerdt£ eger , Vl . 
& 

appli e d 

」．

Scorer , R.S . 1949 

to the 

rteteorol . 9 

State 

No . 

Atmospheric 

Report. 

Science , 

G.Wendlcr 

des 

U. Radok 

16: 

To 

study 

University, 

be 

of 

of 

30. 

observation 

in clear 

study 

deta i ls 

State 

no . 479 

University , 

p.roject 

Eioklim., 

published. 

1959 

oc currence 

588- 592 . 

Theory 

Quart . Journ . Roy .Hetcor . Soc . , 

waves 

severe 

causes 

Colorado 

呾 ech . Paper

17 

of 

. 
a工「 ·

Science 

on 

pp . 

1961 

J e t 

Ser .A, 

in the 

clear- air 

Atmospheric 

Univ ersity 

of high- level 

the 

Colorado 

Te ch . Paper 

of hig正level

State 

t「 o . 45 . 

physical 

in verti cal 

Atmospheric 

Analyse 

Stream . 

Univer-

dr eier 

Archiv 

12:183- 224 . 

Jet- strea11 structure 

l e e of 

turbu -

and 

as 

of 

( III -14) 

nature 

wind 

clear-

Hodograph analysis 

cloar- air turbulence. 

mountains . 

75:41- 56 . 

. ̀  



APl?EI「DIy

(I 11-15) 

PROJEC「卫 TOPCAT

Australia 1963 

FORECASTING Al'巾菡BRI血ING LOG 

by E . R . Reiter. 

止血2_gd尘辶 4th September , 1963: 
'-- ． — · 一．－－ －一

R0tur:n flight Sydn0y - Adelaide 一 ｀1.roomera.

~c~~du~e~ for flight leve l 27 ,000 fe et al 
defined tropopause over and to 1eo of P1 

ong shEJ.rp1y 
ind0rs Range . 

~';:~~~~o of cold front precede d flight by short time 
period . 

Debrief罕

矼oderate to strong CAT was actuall 
rango . Smoke trail 

y oncountered a1ong 

CltT was cncount £>red 
~✓~s releas G~ ~nd_ flown through again . 
at same spot in Laerangian systci . 

Very good r ecorder trace obtnined from this flight . 

,
＇
－

·
u
1
-
.
u
=
-

－」
－
_

尘逞孳立孽--5立5一翌巴P旦－巴 1963: 

「li ght s chedulocl A.t 
IAlinders Rang e . St 

tropopause (28,0OO f ee t) a1ong 
~ong cyclonic sh ear indicated from 

map south of Ade1aide . 1̀Tot much C矼 exp ected, since 
lower levels arc rather stabl e . 

Debri e fin広

No CAT encountered , 

Frid8;訌~r, 19 6 3 : 

Flight s ch odu1ed a1ong tropop2US c and a1ong 14O degrecs 
betweon coast and Voomora . z òn c of two mcrging jet 
fj_ng(:rs south of Hoom cr:J. m這1t give some CAm . 

聮主「乜［導

L
-

－
「

Very light CAT encountorod. A.fGw cloud photos talcc:a . 



September, 1 963: 
－一十－口· - －一畫－一－

No fli gh t s cheduled , becnu sc of poor 1 「X
b etween t wo j ot maxima ov e r area . 

s:i tua t ion . 

(III-16) 

Ridgc 

Tuc sdaL' 10th Se£tomber, 1963 : 
尸一－ - －－一．一· -- . . . -·- . - - 

1.··x situation indicates strong j Gt moving into area 
(,'\ dclaidc 31 , 000 f eet, 1 28 kts; 36 ,000 feet, 156 kts) . 
J o t seems to split between coast nnd 「「o omcra in a 
pronounc ed delta situation . 

Vfoomcra s ounding shows s t abl e l aye r 27 - 31 , 000 f ee t . 
1,dc l o.ide shows r o, th or stnblG co ndi tions t brougl10u t tropo­
s pher e . Dry 1 'J,yor on top of moist l.:J.yer commences c.t 
24,000 f eet. Stabl e conditions within t ho dry l r..ye r mny 
b o indicG ti v o of strong si:nl1.:i:ng 郎otion.

Fnirly 
18ycr, 

sizeab1e vorti. C 包1 sheo.rs 
2.lso horizonto.,l cyclonic 

二荳斗上

Adelo.ido - I.fount Gambier 24 , 000 

li'Io unt Go.mbi cr deorces 七）

Woomo元
lay or . 

No flight . 

Vl cdno sdny_, 

`「oomerg
300 mb 9 

graphi c 

1 40 

Lde1nide 

Debrig一旦苹

11th 

卫ngine

41,000 feet 

t1·ouble . 

Sg-ptcmber,]呈正~:

回

0VC1, Adc1?,i de in s tab1 e 
shcnrs south of Ad elaide. 

f eet . 

,·r "oomer ? 

on top of 

27 - 31 , 000 

en 

f ee t . 

c.dic..batic 

VIX situation~ l o.,r go j e t with strongest n i nds 2.t o.bou t 
36 , 0OO ft (16O kts\ . Jct shows strung1y pronounced 
splitting s tondoncy ovor l\.d ol a i d.G . 

s oundi ng 2000Z shows rno.ny st:-:t.b l c lo..yors below 
tropop.':,.,u se at 200. l、Jot too fcwour?」ble for oro­
turbulence. 

Adelaide sounding 2300Z shows st.'."1U.li ty 9 too 9 but l Gss 
tho.n'Oioomcrn . Tropopo.us c nt 308 rnb . Strongest shco.r 
(v 0rtic這一） o.. c tl,ally o.bov e tr opopo.uso . 

Flig:ht Plnn 
-£2--

To.kc off 11 . 15 f or Uoomor .0., 1 for ~Tindivi k 
l vv ol for0cast 26- 31 , 000 f ('c. t would 1 -.: 勺．d
r egi on . However, not rnuc乜 sh翌＼「 ·

cxcrc 」.s c . Fl ight 
i nto tropop8.usc 

·l 
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i 
.. 
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＼T丸 s n ..) t pursu ed i h ::;v1cve: r i dL; c to schc.:du l e d (Tin di vik 
exercises . s r110kc v,2s re1c^ ccd in 1i r ht CL 「] r c囘i on n ear 
:1.dc l r.. i dc on a . n c,rthcrly h a,'.;,ding . Plr\n c I:1:-i.de; _ 360 degree 
circle . _ J:J 勺 C!·, 'I nn. scc ond p.^ gs 。 Pil o t (11'lt 。 Li cut ennnt
:\orris cn) n ot ed , h owevor , tlmt s·5 ?ke 區d spread out in 2. 

「 ,̂thcr thin she-G t slc1J ing upw?「（1 t o the cc邙 st r.i.t 211 !lngle 
of npproximn. toly 15 degrees. No furth er expl or .';.. ti :_i n 
du o t o Jindivik exercise 。

-
-
＝
－
－
－
·
＿
一
．
冒
一
員d
,
t
,
,
_
,
,
·
t
'
·
~
t
'
"
·
·
t
i
L
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Thursday , 12th S cpt cn:bcr 
.. . A_ _-—-

1 963 : ＿一－ - - • -一·圭－－． ＿ _ _ ·一 －－ - -, _ 
Strong jet c ore (approx. 225 kts) in J.del図ide r egi on . 
Stable layers undcrncn th cor e . Strong v ortico.. l ,'.1nd 
h orizonto..l sh ears indi co, t ed south of J.do l a i de . Pl cme 
i s t o explore possible CAT in thes8 stab l e layer s a t 24 
2.ncl 28 , 000 f cct. On r e turn f r om r!-:iomE:ro. fli gnt - is 
scheduled n ear j c t c oro l evel . [)to.blG l.~vers are expec ted 
t o slop e upw.::rc1 t own,r d. s s outh. Pi l o -t; i s instru ct ::::d , 
therefor e: , t o lrnop r. l ti tu do c1urj_ng fir st leg flcxi blo 
t ov-n,rds highor l ov c~ls . · · 

旦基早三上玉

idde12ide I.1ount Gm,1b i ur 

「iount Go,mb i er 
` `. 

一 . .. .

Ldc l a ide 

- Adc1o, i de 

一 ｀；「 oomoro` nlong 

VIoomer eU - .J.\ dclaido 

140 C 

241000 

281000 

28,000 

34,000 

f eet 

f ee t 

feot 

feet 

十

十

2,ooo 

2,000 

丁3xp1 or e CA匣·:✓hcnev cr
dcve1oped j e t n2X · 

二上逗旱
J-. 
.,·̀ -

·m.i·m-

--·` 

'·1 

.

n
-

－-
I
-
-
.
1
·

己

一·
·
『
·
`

~·.ircr8.f t winds wer e 

enc ounterod 。

Ei g月ust spc ods 51 do gr cos 48 S, 
282 \)/133 kts CLt 31,000 f oct. 

nuch 

1 37 

El se exp l ore 

degr ccs 

Lt this p()int moder丸t o CAT en c ,) unterod in ST.'.13.ll p.::i.tch, 
3.' 2011 uuro.ti on o f longes t r ec ord . Pn.:tch 可巴s n ppr oxi­
rmte1y 14 I?:iles ncroso nnd l on.g . Tlds pc. t c h vms m:--.,rlrn d 
by s1-:oke: and ph•J t ogr ri.phcd ( s1 i ght w「1 .vcs s cened pres ent. 
Ques tic nab1c , 11^wcvor, whothcr tl1 心 S(3 Wl. ro produc ed by 
:::ircrs.ft ) ． 紅reraft f ol l owod thiB p~ tch dovmstroa正
80-100 這los - 45 minu tes ) 。 c. ·.T st;1.y c-d 訌 pretty r.m ch 
th e sn,nc r,iognitude a11 tho whi 1c . 

Lt. 1:0rriG 1....n: Snoke v1cnt into sinus•) i心::.1 WrtVC S . ｀，「o.vc
1 engt hs wcr c to ,) 1orgo t o b(,^ircr?ft-prod uc ed . ｀－「nv e s
wer e 1argost wLerc CA? W ,̂ s s cvcr cst 。 Ono r u.n 1,000 f ee t 
r.~bovc, one 2 ,000 f l:·u t b c l c1.:;1 32 , 000 ( TI口in l eve l) 勺lso
sh,.:rned C嶧 but l c sr, ; C去2h 1 I..,s s on 1 rl\·ver1cv己 ， sli c;htly
1 ess on 呈二 1ove 1. c芷T. p^̀ t c l1?0VOd 2 cross n nunt`2ins . 
c;』生 w~s still th r:::: r e 這1 c:n r:;i ssion w.':',s o..b 、'undoned due to 
1 '7. ck of tiLW nnd fu0l. 

On wny up ( l ev el 2f3 ,000 f QGt) thin cirr us 
陸上2!f1這1t J cv c1(prcs!）「^ vb1y on b,4se nf 
CVldcnt fr m ;l.de J.:1i du S, uncl.i.n g ) . 

lighter i 11 

W^.s obscrv e d 
st.'.J.blo 1.-J.:,rc r 

1 G 
「
l

e n e 5o 

02 1,: , 

s trongly 

th;1,n ba lloon 



,01inds . Smoke trails seem to give wave pattern even after 
3 minutes . Somo of tbem broke up . :even one step was 
observed . Wave length of smoke w2.ves approximately 
50- 100 yards . 

Post An.alysis 
－上－一－一

Shows that aircraft winds were nearly correct . I'fe r ging -
zone of two jet fingers apparently was moving in over 
area1 with rapidly weakening winds . 

Radiosonde winds seem to be too high on the average , 
which sugsests application of curvature of earth correct­
ion would have been desirable . 

Frida~ 旦翌「芝旦互箜-上岂玄

Jet maximum rapidly drifting eastward. Y.re ll pronounced 
mergin zone between two j ets se:0ms pTesent ov er east 
coast bet\veen Sydney and Brisbane. Surface cL.art shows 
two cold f ronts in area , similar to setup encounter ed 
over U.S.A. If situation does not dctr::rioratc too 
rapidly, CAT should b e encountered in this region. 

四lliarntown (Sydney ) shows 40 degree tu rninr:; of wind 
V!i th height near tropopauso or stable ls.yer at 250 mb 
(34,000 ft ). 

Cobar shows tropopausc at 36,000 ft. - not much turning 
of wind with he i ght. 

American B707 reports severe CAT over Avalon near 
秤clbournc between 20 and 30 , 000 foet, 0900 卫名T, outside 
of shear nrea accordj_ng to George, \mt in general 
vicinity of convergence lin e be tween two merging j3ts, 

困li 吋ht Plan 
「 ＇ － ＿ 竺

Adelaida to V1i lliamtown . Explore 31- 37, 000 feat re gion . 
孖allow a line Adelaide - 「!，rildur::J. - Cob;:)r - between Coff ' s 
Harbour and 1 '「 illiamtown . Deviate approxirnatoly 60 - 100 
miles on eithGr sicle of this line , going up and down nt 
same time . 

2nd part~ Willi「::.mto,.·m - Brisbane 31- 37,000 f<J c t. Sto.y 
over or GE'Lst of mount竺ns n.nd expJ.ore C3.nvergenoo zone 
between two merging jct fingers . 

Bot五 pCt.rts of the mission will be donu without r cfu clings, 
in one stretch. 

Take off 1:45 S .A. time . 

立主工基工l-n玉

Convorronco J ino vms n ot £oun d 。 \！ inds vc r o v c. r:r 1 i幽t 。
Only very lip;ht CAT over coast3.l :port:i.ons of fligl邙。

'::x rnnp of 6 hours 1:=i.tcr shows r2.pid d r,, cr..;.y of s ituation . 
Convcrgc:ac c line 1·1oved toy10.rds oust vc:ry ro.pidly, dimin­
ishing in intensity . 

(III-18)1 



鉭－四旦av'斗华三1华：

140 kts jet shown rather 
Constitutes tail !~~-to nort~ _of proposed flight . 

only yesterday. end of strong mz whic !l rnoved i n to n:r·ea 

(III-19) 

旦¥巴共一旦

~~chmond (Sydney) 
F1ight should lead al 

to_35S/148E to 32S/145E to Adelaide . 

jet. Levels: 33- 39 , 000 
ong anticyc1onic s-tde of subtropi ca1 

feet . 評o turbu l ence expect~d ~ 

举坦沮ef竺迟

`-·inds stronger 切an for ecast 。
~2S , 141 degrees 28瓦 155 际o ts , at 38 , o0O fe et, 

CAT . 
Haze at 38 95- 39 , 000 feet : · -lfo 

；
一
－
．

二上呈竺孽严逞竺

ìIX situation shows j et strearo picki 
~peed , probably due-to ng up slight l y in 

!nsman ia and probably cold 
1ow movmg into vicinity of 

1}as moved through Adelaide 
surge behind it . Cold front 

(approx這ately 5--a-.-~ :) area in early morning hours 
a . m. J. 

Ad o1aide 2300Z sounUing shows sarne u.pper t 
charactcri stics as 1toomor a et 2OOOZ . Jet 

「opospheric

fore, has shifted south, characteris t ic 
system, there-

conditions . of post- trough 

Adela這e _ shovrn Rtrong vcrt 」. C 8. l
near 20,000 f ee t . 

shear i n stable layer 

Fli缸荳 P1竺

Climb out~ Adelaide -
Gambier be t ween 19- 23 , 000 f eet: 

35S, 140凹， 20,000 f ee t - ~fount 

鬨ount Gambier - 32 d 
f ee t. Some CAT ( 

ogrccs ?, 140E at 33 , 000 f eet+ 2000 
orographic) poss ib1 e at bo th 1 eveTs . 

If lower l ev e l shows 
If CA ~.1 is fou.nc1 , explore . 

clouds, proceed to higher l ev e l : 

止主立竺i竺

y~rc e:pti "?l e . _t o sliroht CA T at 1 9- 21, 000 i n 
1ayer . Another 區z e 1ayor at 31 

sl i ght haze 

33- 35,000 f ee t. deg . 30S, 139E, appr ox . 

Gambier . 
CAT co:nt這ou s1y on way down to r,iount 

0ne s1ight patch of CA1̀  ·̀Ies i.oun d over Stoncfie1d. 
Smoke trai1 showed s1ight dip, but no sino wavo as on 
previou s occ o. sion of modo ro.tG, CA '.L' . 
pc.. tch could not bo found. 

In flying back, 



-', 

皇五孳正二－也二正二上，－一1_菩鉭

of'jet stroam over I比lbournc, from a south­
direction ns of 16th Scptumb e;r 1730 maps. 

T::til end 
wcster1y 

四－ 苴辶鉭－：王

Lfount Ga·L1bier, 
CAT expected . 
side of jct. 

To.kc 

Wedncsda:i.1 

off 'lD}Jrox . 

Retur直 in a fternoon along 

己e戸f芋

Slight CAT 
to Nhill. 

approx. 

m.i世辻閂至竺

Lo.v0rton,.:-1.t 30-33,000 f eet . Not much 
「light should be ~.cdnly on anticyclonic 

1000 hours - c.S.T. 

Tako off qpproJ,: . 
mission Adclci.ic1o -
Gambier - Adolaide. 

33,000 

18th Se2tomber , 

samc flight 

feet 80 

1963: 

mil0s 

Region of S 。 f.., Vic. nnd F. S. W. down to Tasme.nia covc:r od 
by bloc:::ing high . J c t stre:J.D raovos in aloft, how0vcr . 
According to airc:os it s o ems to hr:w c strong anticyclonic 
bend southeast of Forrest ovor the 另i.ght .

1000 hours C.S.IJ.1. 
Ro unt G?mbior -

pattern. 

SE of Edinburgl1 

on routine 
L:J.verton -

cxplorntory 
Mount 

Not much in r:ay of CI.T expect ed . ｀因tch for strong hori­
zont?..l and vertic al shc~.r s in I」''.VC.:rton region, o. lso f or 
dccr(nse in te1:1pora turo. Flight level. 36]( 之 2,00 0 foot. 

邑竺－逗

(I II-20) 

Vory strong vortic .'.J.l 二d horizontE~l 
betwucn 卫ount G:.:'..mbior nnd I」c.vorton .

shears encountered 

02132 

瓦ount

0130Z 

Gombier 

38 ,000 
371000 
36,000 

f ee t 
i l 

\ I 

261/125 
258/90 
246/85 

32,000 ft. 353/35 

0144Z 

Lavertoll 

35,000 
34,000 
33,000 
32,000 
31,000 
32 ,000 

Very 

f ee t 

'' ,, 
,, 
,, 
II 

slight CAT at 

飄5/75
228/42 
239/38 
211/25 
218/ 30 
235/22 

32,000 feet 1m1f`"1:::.y be tween Laverton 

上－ - 



o.nd Hount G:J.mbiGr. A ve;ry sh...,1101:•.'but intens e bro.nch 
o£ the j ct strea和 thus Si. ornc to b.:.' cros s ing the: bloc king 
high pressure ridge, v;hil(_,the u10.in jct scums to be 
holding further to the 1m (region of 30S 130E ). 

立U_rsd戶距一 "¥醞－主唁＿ber,19 63:

Bloclcing situ:.:. tion still conti.nuus v;i th no s認ns of 
imminent change. It was decided, thorcforo , to h8.VC 
the two-dP.y inspection of the: ,'..'.'.ircr.':'..ft now, if possible i 
「-:i,thor than Thursd九y nnd }i'riday of next wee le when flyin.g 
conditions ngnin might be more :promising . 

FridaL 20th S cE_旦呾上凸－斗茲．：

Blocking si tutation 忒ill prov:.'!.ils, how ever , with 
indications of weakening uppor winds in this region. 
Very light winds, ma.x apnroxiea t cly 50- 30 kts . No C!i.11.' 
indicn. tion from for ecast 8.ccording to 1-.'iclbourne , which 
justifie s decision of yesterday to hc..ve airpl[l.no over­
ho.ulod . 

且9p¢:'y, － 23r立竺ep芷呾坦翌i上9§:

Blocking 
however, 

23OO2, 

situntion stj_ll 
shifted to l'TE. 

36,000 ft winds 
jct fingers . 

22nd 

Adel8.ide 

`,Ioomera 
「臨r矼．linga

Oodnadntta 

September i 

298/69 

268/55 

288/16 

278/ 105 

·
c
上
U
,．

',',' 

.. 
1·' 

Ade1?,idc 
Ldc1aide . 

Level 
cha.rt . 

声＿「－江竺鷓

ì
` 

\\ 

,̀  

show 

Woomcr3 

prcvo.ili.ng . 

interesting merg ing p,'2 ttcrn 

1963. 

Strong horizontal nnd vertical shears indica.tcd south 
Oodnado. tt2. . C;」T expec ted in r.1erging zone, if it cnn 
nctually be found. 

旦玉正並 P1an

0odn2datta zero 

35- 40K, 1:vinds of 36K should be 
Elso conccntro,te on 36-寸:OK .

Horizont.'11 shoar h::i,s boon found. nll 
42 kts . M2.,x . winds 120 kts 27 dor; . 
36 , 000 foot. 

High on 

drif t 

surface 

to 

compar od 

of 

with 

right . ~\/! inimun 
。37$ , 155 55茁 at

h8.S 

two 

139E 

of 

our 

winds 

Vory sJ.ight Ci』]nr 20K, 28K, 3 2K 8,nd 38 clurin启 clinb out . 
LiL;ht c:.T over Ooc1nnd'l,ttt'.,'.:'..t 38 , 000 f(._;ct . CA'.I.̀ occurred 
with ,刁 e ro drift . In fact, s lic:.ht Ci..?occurre d. so 
continuously thnt'l,tt crr.p ts t o t,':.ke o. snooth- o,ir datn 
snnple for c m·p~i.ris .「in f'J,ilcd. 



Tuesda'i.J. 24主竿乜坦呾五」一旦逕_上`o-「學早：
(III-22) 

Strong confluent region 辱 of Alice Springs still main­
tains itself . Possibility of CAT with trailing end of 
strong trough passing aloft over l七 S . ｀八訶ax . winds near 
36,000 feet, max . vert i cal shears seem to be slightly 
lower than Jesterday (< 31 , 000) . 

'. 
i 

]'_lig-t二辻芊

Take off approx . 9~30 Lev el 36,000 feet+ 2 , 000 。 north­
ward along 140 de grees E to approx. 27 deg . S . Watch for 
shift in wind direc ticn and increase ir:. wind speed near 
26 to 27 deg . S. In ca.se CAT is encountered, explore 
the CA1'bearing layer horizontally in I,'1 stiaped flight 
pattern . Look for stronger patches. In this case 
continue to 24 deg . S then re- fuel in Alice Springs . 

Debriefig五

| 

Winds confirmed . r:Iax . wind on return 120 kts, 31,000 ft . 
near 27 N . 20 kt □ over Adelaide. Zero knots over Stone­
field 2.t 37,000 feet. Small patch of ligl式 CAT 70 r:1iles 
皿 of Broken Hill , 31 . 54S, 139 . 45E, 32,300 feet sh owed 
detailed structure of a nurriber of ve:1r~r srrall pa.tclles . 
Patches all about 50 sec . duration. One was measured 
was sti11 tbere on remrn, nothing upstream (10 mi1es} 
and below (500 feet). Also a fevJ patches at 34,500, very 
slight, however. 

V! inds 

TuesdaY.J_-24th 

Shear line still 
with SE jet ovc:r 

in 

28K and 
through 
further 
changed 

turbulent region only approx . 30kts. 

S o鉭~em煙）£-上塑-－主工．立竿正

prevailing N力 of Adelaide 
Mount Gamb i er . 

and r·:·ildura 

m主麈辶旦翌

Adelaide - Liount Gar'jbier - 30 deg . S, 147 E - Adelaide at 
289000 to 34,000 ft . Search again for convergGnce line 
and possible CAT at tro~)opause level (according to 
\foomera soundings at approx . 29 9 000 ft.) . 

Debriefing 
~ ． 酆 一一．－ • -一－、

Max . wind 65 kts, 129°, 34 deg: 26 S, 1 41 deg . 28 
28 ,000 feet . Converge:;i.ce line still cstablishod , 
did not fly into northern shear area . 

t ,u Eb 

Light CA匣 at 28,200 ft., measured. contrail wa.s smooth 
smooth arua. 9 turbulent in CAT (near 卫rokcn Hill) . 
(Chango was evi(1cnt ver ,;'abruptly in contrail appearance) . 
Light C~\T also observe,:132 . 3IC . 31 . 2K over T.'tount Gambier 
down to 27 . 3K. 

in 

32K wer 0 th o main l ovols of light CJ亞 ． Flying
snokc trail 7 no CAT in trail? but b .gh t Cf四
to east than o:::iginal patch . ~'1.11 the time v,庄nds
dirt; ction rapidly with hciGh t ( a . g . by 38 dGg. in 

,'~.')'.

,1,.I'

.' 

.,. 

I 

1.1,

_
, 

\ 

.

I
' 
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2 , 000 

Photos 

ft) . CAT 

taken of 

was found 

smooth 

I7,'ith winds 

and turbulent 

054 deg . 

patch of 

34 kts . 

CA更 ．

土主辶e主上二－立立巴巴也罕辶．互箜．；

Convergence line has shifted slight ly 
uppGr level easterlies over Victoria . 
at 311000 feet over Brisbane i.nc1icates 
jet stream in this region . 

to the north , with 
130 皿ots , 280 deg. 
strong subtropical 

Flight Plan 

Adelaide - 30 deg . S, 145匝 － Brisba.Y-1e
Region to south of Brisbane cannot be explored as 
originally planned , because of 2- day air defenc e excerc ises 
scheduled out of Sydney. Ar ca closed to air traffic . : 
Flight levels: 26- 31 K. a 叫 40-42 K. Exploration of two 
stable layers, especially the lower one assoc i ated,·Ii th 
strong vert二cal shears and pocrni bili ty of CAT , especial ly 
near convergence line . 

_D~J:lri紅竺 (froin

Easterly wir_ds veer ed westerly l1etv1een 143 anc1 1 44 east , 
remain0d weGterly, speed inc res.s ing vii th decreasing 
sou ther1y lati t ude , to max of 140 lets at 27 S . Slight 
turbulence EON LI southeast Broken Hill, not r 8corded . 
Winds found Brisbancc area agn:: e with 242300 c hart . 
CA1'near 28 J( . ShoaT lin0 =urther to,11ost than antic i ­
pate d . Large CU in 歪risbane areas no CAT . 

Thursday_,_ 26th 

Telegram) 

S四卫empg户 1963: 

Shear l i ne S:3erns to hold steady as on previous day . 
jct branch a:?pcars S「「 of,-; oc•rn-'.)ra, with substantial 
verti cal sho3.rs, :::.,nd with tur:::;ing of v.1ind from 190 to 
250 degr ees thTough a ver~- de :;p s切blc 乓yer (24 to 33K ) . 

New 

Fl基；ht Plan 

Sydney area still clos c c1 . Brisba n e.; -
Adclo..ide . Plic;ht level 33 K i:;o 24 K. 
near 143 E (trough line) and south of 
(138 E) , espec ially at 24 K l(;vcl . 

\̀  

`` 

鉭2正f丑

Very strong verticnl 臨e_o.r over Brisbane . 210deg/ 100 kts 
nt 30 ~000 feGt, 305 clog/70 kte at 32 , 000 f ee t . I1o CAT 
o.long whole fli -ght . Northwcs tcrly 111inds nrc not 
evident from rr:r.1ps but were cncount~rc_;d during south-­
bound l eg of f light . 

28 3 - 28 S , 138 
\'、「atch fo r CAT 

turning point 

団

l\t 145 凹 trou gh was avidont f rom sl.t::--.rp lin e of 氙i . up to 
26 1000 ft . Lino of Cu o..ncl Cb 訌so over Bri sb::>no (26 , 000) 
with strongly shearing,」nvil on top . Aligned nlong 
direction 160 degr ees . No CAT downwind and ov er top 
these Cu, evon a t 27 K 直 ight level . 

I 

I I 

of 



鉭血二2止之四1, （） I ,·'b o:r＇｝ 1963: ••. _.. _－一－～一
\ l l ; / IL l l ' ） 「＇ I l L L 1 J : l. I, l,,·「 I , I o c g .「J. o t .i nd i. c :1. t e n.] I y 
yesterday ' s f 1igh t prov ed to b c correc L, 
trough havingmovod through r ogion . 

I,
',
`E,1·Tt· 

主－罕

Crew wants to visit with B- 57 pi1ots in 
F1ight 1 cve1 at 31I汪2K shou1d 1 ead into 
tropopause . No CAT-anticipated ~ 

声＿i竺主正

NO CA1` found . as expected . 

三-卫三益声主担＿r ， 19_6一色 拉茌－ : 

We11-deve1oped subtropica1 jet strcebm over 0oduadatta 
region, with pronounc ed conf1u enc c 1ine ove r Woomera. 

Fli星並「丑

Adelaide - V為omera - Oodn蟑atta
to 3 3 「

·- WoornGra . Levels 27 
1~ . Light CAT possible in 

sligh tly north of 「'
r egion of shear line 

n~omera outbound, n enr 30 to 31 K 
!~bound in region of max 
If any CAT pato Ues are found they 

turning of 沮nds with he i ght . 

with th 、'
ar0 expected to move ` ̀ ··'ind, since thcre ,..iOu1d h?l、dly 逸

or f:-on t:'..l p e r七~rt至io~ Gn-2r gy ir;.:pu t £';c口 b C '
尘:ny orogrc.phi c 
_。r:; . ~ake 

K 

,.. -~.c- -, - ^ = -- . - ·- . 
. . -- . - . . -- -

- - - 
Light to mod8rc.-ce CAT i n v ery sraall po.tchcs (could not 
be identifiec1 proper1y on r eturn runs, t訌erefore ,
cone1us i on "sma1l' ' ). One sov or e bump (iso1at ed, 
estimatcd 1g) in sml1 iso1冇元3這 at 認， 3OO ft 
29 deg. 11S, 1 4O deg . 51E. Pa t chos seomed to be 
s區11ow . 0nc eontrai1 pho 七og工｀ephcd , l̀ i th 
drop in trail sho.rp verti cal 

, coinciding with spot vherc 1 
Also marked cb 」、

bur:1p occurred. 
i f'fer onc o obs0rved in contr這1 a1').oe訌rance

betwe en 1噩inar and turbu1ent f1ow. · d 

at 

國onday, 30th SoT)tamber,__]_963 . Aft orno on 
- - --一 . - -… ．． － 一一－一

eo. st` '̀·2rd 
occupies 

Jet mnx scc ·~_; s to mov e 
confluence line still 
e訌rli cr this morning . 

旦基也L上基2

\loomorg 
29- 31K. 
of wj_nd 

羋虹琴罕

ra thor 
o,pprox 

C人「i' .

with 
YItnds 
l igl沽

訌e1bourne ,`
vicinity of 

rn.pdil.:i勺 \'lhil ·c
se,me rcg:i ons 

一 26 S , 142E - Ade1a ide . Cono entr訌．訌 on
OAT 3ga1.n expect od 訌 訌gion of strong 

with height . 

(III-24) 

of 

1户'yer
t urning 

~c~ t c1r CAT patches found th:::..:n in rnornin.<2" 
141 deg . 07 四 ．

g . 29 dug , 55 S , 
First patch fou]這江的 ． 2OO ft 10OO ft 

~ ^.· - - -- ~ 一 － － 」 · - - -- 
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(III-25) 

below - stj_l°l good Cli.T; 500 ft r:t bovc , not mu ch CAT ther e . 
Smokc tr2`i1s 12 i '(1 _3 mi1 辶 s dpr:ind- C^.ve ,̂bout d âm(_, tur-bul-
0nc e . Ther e s0um e: d to be l n.rgcr C~\ T l c~ycr. Small CAT 
pQtcl1 C,1so found dur ing turn. 0ne 呎Qcl__c严＿見9一上9一主．二
bump found 讠n one smo..11 pn tch. Tc::mn crn ture s ccrr,cd 
「Gthcr uniform . "Gr een S.'J, tini1 did not suum t o \rnrk 
properly . 

1:-• inds in CAT region 262 deg 
2?0 " 
289 

12 Kt s 
25 II 

33 II 

position~ 30 deg 39S , 141 deg 02E to 30 clog 12S , 
141 dc:g 15E . 

声5主辶卫＿t ＿怛0一逗－，—＿＿-1箜鉭

26 , 000 
27 ,000 
28, 000 

Conv er gence line n.loft sc orns to move eas t ward o.尤 a r ate 
of approx . 4- 5 dogr oes long . per 6 hours. CAT regions , 
th.crcfore , deterioro.ting r户pj_dly . .i\lso v ertica l turn ing 
of wind soC;r'.l s to lmvc increas ed . 

Flight Pln:n 
..;,. _＿－一 一－ ' - － ．一－ 一．二

Aircraft due for cor1p~.rison ili ;~ht wi th DC3 o. t`方:lgga -
` ra ggn . A6 e1n,i de - r̀,a gcn c,t 27- 31 K 。 Convorgonco linG 
cxp0ct 1..d over Waggo.. 。 Tr y to fly s o!J.r ch p0 ttcrn thor c if 
time p 0nni ts . Hot much CI迁r expected . 

虹主立垕旱

Aircra ft did not catch up wi th conv,?rgcncc line . No Cf. T . 

閂呾竺翌七上．， 3rd Octobcr, 1 9翌-－辻三． 旱：

Narkcd c onflucnc o lino in r egion of 「「oomer°',nd Cob心，
bot wcon subtropical j ct with strong hor i zontn.l s hoo.r nnd 
southwesterly j c t s trcc.m br巳nch . Pos s i bi lity of CAT 
。Llong this shcnr lino, nninly in ln~rcr 26K to 31孓 of
r::i..p i d. turning of wind · with l1~..: i[)1t (1 96 deg - 260 deg ) . 
Sccond.2ry l o.yor ,vi th s trong sc.~l c..r wind sh08.r botweon 
32-32K (60 - - 99 imots) r.::.ccording to`-「oomcr.'l sounding . 

芸上声；＿且卣這雪

Northvm.rd nlong 140 d~gr oc:s 1 till c.r ca of v ccri.:ng of wincl 
is r cnchcd nt a:'._) pr oxirn01, t _Gly 31 de:茗rccs S - thcn e 0Ul` se 
070 dcgr c:0s ;,1,s f .Q.r ns p o ssibl e- . 「ly search pattern nlon g 
this l eg . L0v ols ~ 26- 31 K1 :-:-.:nd 32- 34K with preference 
to lower l 'l.y or . 

正空－ri cfing

Lots of CAT, light to morl orc.. to , 31 degr ees S , 1 4-0 c1 egr oas E, 
2i:3 - 29 ,000 ft. Aircr:·_,,ft di d n ot follOi'/ l e::g,'l t c t1 urse 
070 d egree s , b e cause CAT wo..s quit e go ()u in convergence 
nrea wher e predict ed . 
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7hursd^`y , 3rd October . 1963 . 
－～－－一一 ．一一－－－ －＿－一--L-

11.fternoon~ (III-26) 

Confluence con cl itio且
moving toward 繹．

「11摩辶主基正

still h ol ding UP . Lppea.rs to be 

Explore aren of previous turbulence 7 ·,.r,ihich possibly 
be further south now. Same fli ght le7els as during 
morning fli ght. 

may 

Debriefin窯., . 

Li ['.' ht to moderate CAT again at 140 clegr ees 凹 ， 3 2 cl eg:. S, 
28- 29K ft . Dowm·1ar cl buriips seemed to be stronger than 
upward bumps. · Light CL.T almost contini,1ous ly. 1--' ind 
veering sharply near 32 degrees S between 26K and 30K. 
缸os t of the turbulence fou n d immediatel y north of 
convergence line in (slight) westerly winds . 

Two haze hori zons observed , one approxi:r;m tely at flight 
level of turbulence, t he o t he r sli [-_htly h i gher, probably 
aroun,:l 34 I< . Smoke puffs~ some stayed v1ell r oun ded , 
some seemed to spread out into thin horizontal sheets, 
probably depending on mc so一 01、 micro s c al e v ertical 
shear sys tems . 

Due to s trong haze , smoke puffs vv urc1 los t quic ~::ly . 
Could not bG photographc1己 ． Orn) pr obably would hav e 
us e coloured smoke anJ colour filrn . 

to 

l

· 

` 
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