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In the period between July 21 and October 3,
1963, 41 research flights were carried out by an instrument-
ed Canberra aircraft of the Royal Aircraft IEstablishment
(R.A.B.), Farnborough, England. The flights were made over
southern Australia with the purpose of obtaining gust
velocity and acceleration records of moderate to severe
clear air turbulence (CAT) which could serve for a2 detailed
power spectrum analysis. It was hoped also to find
indications of the physical nature of CAT.

The research project quickly acquired the code
name "TOPCAT". Apart from the R.A.E. the following agencies
took part in the project: the Weapons Research Establishment
and Acronautical Research Laboratories of the Australian
Department of Supply, the Australian Bureau of Meteorology,
the Divisions of Meteorological and Radio FPhysics of the
Commonwealth Scientific and Industrial Research Organisation,
and the Meteorology Department of the University of Melbourne.
The flight operations were led by Mrs. Anne Burns of the
R.A.E. who during the most crucial stages of the project
acted in close co-operation with Dr. IZ. R. Reiter of the
Colorado State University, Fort Collins, U.S.A., (brought
to Australia with the help of a grant from the Department
of Supply to the University of Melbourne).

The initial stage of Project TOPCAT dates from
preliminary discussions between Mrs. Burns and the writer
at Farnborough in February 1961 and was taken up by pre-
parations. While the general develcpment of flight instru-
mentation and techniques proceeded at the R.A.E. with the
assistance of an observer from the A.R.L., Mr. C. X. Rider,
all available past information on clear air turbulence

was assembled in Australia.




Shortly before the start of flight operations e
Mr. K. T. Spillane, then acting Head of the Bureau of
Metecrology's Iiesearch Section, organised the metecorological
support for the trials and prerar

ed a study of the jet
stream and of CAT models which det

>rmined both the forecast
methods and to some extent the flight routines to be adopted.
This study forms the first paper of the report.

The firet phase of the actual trials lasted from
July 21 until September 2. Puring this period the

meteorological direction came from the Bureau of Lieteorology's
Divisional Office in Acdelaide zand was in the hands of
vr. E. Mizon who bhad the assistance of Lir. L. Mitchell in
Adelaide and of dr. Spillane's group (Mr. G. H. Sabin
and Miss L. J. Armstrong) at the Research Section in
. Melbourne. The foreccasts and flight appraisals for this
period are discussed by Mr. Mizon in the second paper.

The fin2l phase of the TOPCAT trials started on
September 3 when Dr. E. R. Reiter of the Department of
Atmospheric Science in the Colorado State University took
over the meteorological directior of the trials following
VMr. Mizon's transfer to Sydney. Working ian constant close
contact with both Mr. Mitchell at the Adelaide Divisional
Office and with the R.A.E. flight team led by Mrs. Burns,
Dr. Reiter introduced new ferecast techniques which proved
outstandingly successful. This stage of the trials is
surveyed by Dr. Reiter himself in the last paper.

The three papers are presented as preliminary
contributions to the full report on operation TOPCAT, to be
published probably by the R.A.E. They are intended primarily
for the use of participants while preparing their own reports,
and no attempt has been made to reconcile such differences
of opinion as emerged during or since the trials concerning
the most suitable methods of forecasting CAT. Such a re-
conciliation is expccted to comc about with the detailed
analysis of the TOPCAT data which in general hold out promise
of a substantial advance in our understanding of clear air
turbulence.
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ABSTRALCT

A short account is given of clear-air
turbulence (CAT) forecasting models and procedures
used in "Project TOPCAT", from September 1 through
October 3, 1963. Some preliminary results from
the project are communicated.
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SECOND PHASE, SLPTEI - 30, 1963.

by
Elmar R. Reiter.

(1) Introduction

During the period July 21 through October 3, 1963,
special research flights known as "Project TOPCATY were
carried out by a Canberra jet aircraft of the RNoyal Aircraft
Establishment, Farnborough. The purpose of these flights,
wnich were conducted over South Austrelia, Victoria and New
South eles, was to detect clear air turbulence (CAT) and
to obtain rccords on gust intensities and gust frequencies.

Since CAT usually occurs in small and shallow
patches, thus constituting a microstructural phenomenon of
atmospheric flow, its forceccasting from the macro-metcorological
measurements of the general rawinsonde sys tcm'prcsents a
nunber of difficulties. These difficulties were increased by
the rcquirement, that moderate and scverc CAT should be
present in order to produce uscable records for powcr-spectrum
analysis, and by the laclz of vpper-air information over the
vast regions of the Indian and the Southern Oceans, from which
the jet-stream systems werc appnroaching the area under air-
craft surveillance.

' In view of these problcms, the CAT forecasts had
to rely heavily upon turbulcnce "models obtaincd from the
northern hemisphere, especially from the Contincntal United
States. The following preliminary report shall give a short
summary of these models erployed in routine CAT forecasting
during the period mentioned ﬁbove, of their relative advant-
ages and drawbacks, espccia 11v undcr the conditions prevailing
over Australia.

(2) Turbulecnce Ixpectancy

A number of statistical investigations of CAT from
the Northern Hemisphere (for literature sec Reiter 1960,
1961, 1962a, 1963a,b) indicate a sharp decrcasc of frequency
of occurrence with increcasing gust velocity. Thc following
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table sumnarizes some of these findings. ( )

Table 1: CAT Expectancy

Source of Altitude CAT Frequcncy of
Information Range Inteusity Occurrence
Clem (1957) 25,000-45,000 1lignht CAT 19 % of all flights
ft modcrate 2% * i
scvere g% w0 "
Estoque (1958) lMaximum 2 ft/scc 15 % of km flown
‘frequeney at 5 ft/sec 1.2 of km flown
250 mb 10 ft/scc 0.15% of km flown
Hislop (1951) 25,000 ft 4 ft/sce 1 gust per 13 Jm
8 ft/scc 1 gust per 97 km
2 ft/scc 1 gust per 650 km
modcratce
to 46,000 £t moderately mod "
sSEeverce ¢
229000 'tO e e N o 5 > .
28,000 Tt very scvere 0.2 % of all flights
Murray (1953) 400 to 200 mb £ 0.1 ¢ 37.4 % of all flights
20,2 " 4,9 % n o0 1
z0.3 0,25 ® W L
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Conditions over Australia offhond would let us s2ntici-
pate lover frequencics of CAT than indicated in Table 1, due
to tne lack of apprecizble orographic sourcces, which certainly
contribute to CAT frecquencics encountcred for instance over the

i

mited States, c¢specially over the Rocky I'ountains and the

Allcghenics, and duc to the more zonnl conditions of flow in
the Southern Uenisnbhore which nre only infrequently interrupted
by the formotion of deep troughs -~ mlso known to stimulate

CAT formation (Colson 1962, Reiter 1962b). ILarge air mass fi
contrasts wiiich rcsult in the formation of stable laycers and ‘
of large vertical wind shears nlso secer-to occur less frequently

and to a legser degree of intensity over Australia than over the

Unitcd States, thus providing lcss chancc for the formation of
shearing gravity waves as 2 possible sourcce of CAT.

On the other hand, it will have to be borne in mind,
that nost of the data compiled in Table 1 werce obteined cither

from routinc commercial flights, or from flights c¢xploring the




neturce and structurc of jet streoms, rather than of CAT, (111-3)

whilc the present rescarch flights were scheduled to scarch
for CAT and thereforc wcre dispatched into regions of
anticipatcd CAT formation. It was hoped that this pro-
cedure would at lcast in part offset any effeets of the
peculiaritics of the ject-stream over Australia upon CAT

. frequency of occurrence. This apharently was thc case
because out of 15 special flights 6 produced usable
rccords of moderate turbulence. During thce flight of the
morning of Septcmber 24 onc moderate to scvere gust vias
encountered which unfortunately remnined unrccorded (sce
Table 2).

Tablc 2: CAT encounter during TOPCAT flights

- — ————

Date Forecenst of Aircraft CAT debricfing
CAT flight
4 Sept.e 63 Yes ofs! Moderate to strong
5} No Yes 1o
6 Yes Yes Light
10 Not specified o e
11 Ycs Yes Light
18 Yes Yes Modecrate
13 Yes Ycs Very light
14 No Yes No
16 Yes Yes Pcrceptible to slight
17 No Yes Slight
18 No Yes Very slight
23 Yes Yes Light
24 morning Yes Yes Light
24 afternoon Yes Yecs Light
25 Yes Ycs olight
26 Yecs Yes No
27 Mo Yes No
30 morning Ycs Yes Light to moderate
30 afternoon Yes Yeos Yoderate to scvere
1 October 63 No Yes Yo
d morning Yes Yes Light to moderatc
3 afternoon Yes Yes Iight to moderate

The application of 0&T models to forecasting there-
forc increased the odds of encountering moderate CAT to
about 40% of all flights as compared to approximately 10 to
12 % according to Clem (1957) and ilyde (1954), and aphroxi-
matcly 5b according to lurray (1953). Although the number
of rescarch flights should not be considercd sufficient to
warrant o valid statistical statement of this kind, the odds

would increasc even higher if one climinatcd those four




flights from consideration, in which CAT waos not anticipated (111-4)
in the forecast, and not found either.
From the foregoing we mey draw the following con-

clusions:s

(1) Some of the CAT models spplied in arriving at CAT

forecasts were able to increase the odds of encouatering

turbulence significantly above the expectancy for random

flights.

(ii) A certain relationship between macro-meteorological

flow patterns in the jet stream region 2nd wicro-scale

disturbances, as evident from the occurrence of CAT, which

has been assumed in arriving ot these forecasting models,

evidently is present in the atmosphere, but does not

suffice to pinpoint areas of CAT precisely in advance.

An attempt to compare the percentage in miles flovin

in CAT with Estoque's or MHislop's findings presented in Table 1
has not been made, becaouse of the peculiar search pattern which
was flown once a CALAT »natch has been found 2nd marked by smoke,
penetrating the same CAT area again and again. This search
vattern evidently biased the data in fovour of too much CAT when
compared with the data prescnted in Table 1.

(3) Clear-a2ir Turbulence liodels

(a) CAT - Foreczsting from Horizontal and Vertical Shear

Parameters

A technique of forecasting CAT, which has been develoned
by George (1961) was used during the trial period July €1 through
August 31. This technique in esscnce looks for arcas in which
the horizontal wind shear excceds 50 !mots wer 1580 asuticnl milcs
and in which the vertical shear simultaneovsly reaches values in
excess of 8 knots/1,000 ft. Furthermore, wind spceds should be
greater than 60 Imots if CAT wns to be cxpectied in thiese arcas.
It was assuned that CAT may occur in a laycr vaichr extends from
3,000 £t below to 7,000 £t ~bove the layer in which the sheor
requirements mentioned above arc net.

In secarching for unoderate to severe CAT, this forccenst-
ing technique did not prove tc bo very successiuvl. "hile it
certainly may iicrit success in ovoiding ccrtoin rcegions of
possible CAT, it docs not produce sharply cnough dcfincd regions
within which an aircraft of limited range wight successfully
cxplore tho prescnce of turbulent patches. The reoason for this

failurc may bce sought in scveral causess




(1)

occur according to the predictions given by this tech-

The vertical extent of the layer in which CAT might

nique is too deep to offer more than a mere-chance
encounter by an aircraft searching for turbulemce.
Conversely, one might question the practical value of
avoiding CAT by closing down an excessively deep airspace,
when observations seem to indicate that turbulence
actually occupies relatively thin layers.

(1i) It is difficult to see, how herizontal shear which
usually is at least two orders of magnitude smaller than
vertical shear, could provide an immediate physical input
into turbulence generation other than in a few special
cases (Clodman, lorgan and BRall, 1961). Instead of this,
the presence of relatively strong horizontal shears should
be taken as an indicator of a stable baroclinic zone, in
which strong wind shcars tend to be concentrated, inter-
secting the constant-pressure level under investigation.
A direct search for such stable laycers with vertical wind
shears concentrated in them would therefore appear more
fruitful.

(b) CAT in Stable, Shearing leyers

Under the assumption, that CAT may be caused by
the presence of gravitational shecaring waves along a stable
"interface" or transition layer, scveral flights were dis-
patched into regions where such wave formation might meet
fevourable conditions (sece Appendix).

If stable layers wicre reported in the upper tropo-
sphere of the Woomera or Adelaide soundiags taken prior to
flight timec, the shcars computced from the wind rcports at

he standard levels on either side of such stable layers
were assumed to be largely concentrated within thesce stable
laycrs rather than to be spread out uniformly over the depth
between the two reporting standard levels.

Using the equation for gravity weves with critical
wave length Lc’ with vertical dcnsity discontinuity and
vertical shear

2 m
) _ 77- (Au) .J.onTl
L, = & (1)
C Aig I — )

R




missions. Au and OT in cquation (1) and Table 3 give the  (III-6)

vertical shcar and vertical temperaturc discontinuity assumcd
to exist across the interface. The subscripts o and 1 refcer
to the lower and upper laycer respectively. T is the mean
tenpcraturc of the two adjacent layers.

Table 3:

Vertical wind shear Au (m/sec) for different tcmperaturc

discontinuitics and critical wave lengths at an interface.

AT LC = 200 n Lc = 100 m LC = 50 m
2° 2,3 m/sec 1.6 m/scc 1.2 m/sec
© 3.3 2.3 1.6

6° 4,0 2.9 2.0

g 4.7 3.3 2.3

10° 5.2 3.7 2.6

The fact that microstructural details secmingly
responsiblc-for waves of "CAT lengths canot be asscssed
directly from the available soundings, thus, introduces a large
factor of chance into the actual obscrvation of CAT within
microstructural stable and shearing laycrs.

If no such layers wcre cvident in the upner tropo-
sphere, cxploratory flights were sclcduled in the viecinity of
the tropopausc level which in first approximation was consid-
ered as a discontinuity of essentially the samc qualities as
described by equation (1).

I'rom cvidence obtained over the United States
(Reiter,1962c, 1983cy Reiter and Nania,1963)the significance of
vertical vector shear, produccd by a sharp turning of wind with
height, in thc gencration of CAT with wind spcceds much less
than 60 knots was realized. Thcgu'ureas would not normally be
considered in forecasts bascd on George's method, mainly
because of the weak winds.

Such rcgions of rclatively lorge vertical veetor
shear occur frcquently in the entrance region of 2 well
developed jet maximum, wherc two jet fingcrs - onc coming
from the north-west, onc from the south-west - are merging.

CAT was found to occur along the convergenec line between

these two jet fingers in a region of light winds, and within

o stable layer showing o sharp turning of wind with hcight

(sce Appendix). The fact, that a turning of wind in CAT rcgions




is associated with differential temperature advection has (I11-7)

been pointed out by Schwerdtfeger and Radok (1959). From
detailed CAT case studies over the United States it appears
that the region in which turbulence is observed shows a
tendency towards stabilization, with cold air sliding in
underneath warm air.

Again, equation (1) and Table 3 may serve in
establishing a "model" for CAT occurrence in the vicinity
:of'these convergence lines. The atrosphere in the stable
layers associated with these convergence lines is apt to show
many more small-scale details than would avpear from the
teletype transmissions. Danielsen (1959) has comnented on
such detailed structure, which also became evident from the
research~-flight data of Project Jet Stream (Reiter, 1962a).

Such details in the vertical temperature structure
might be explained by large-scale mixing processes betwecen
adjacent air masses, occurring under quasi-adiabatic condi-
tions of flow, thus resulting in a "sandwiched" sequence of
shallow stable and nearly adiabatic Jlayers in this transition
zonc, rather than in a smooth and uniform lapse rate as it
rnight appear from the teletype reports. Detailed wind
measurements as have been taken over the United States with
the FPS - 16 radar indicate the presence of small-scale
vertical shearing layers at the seme lcvels where shellow
stable layers are indicated from radiosondc measurements
(Reiter 19634d).

7ind measurcments taken by the Canberra aircraft
during Project TOPCAT sccm to indicate, thet the rapid
turning of wind with height encountered in the viecinity of
the CAT-bearing convergence lincs talkes nlacc in relatively
shallow layers. The appearance of some of the smoke trails
rcleased for the purposc of identifying turbulcence patches
corrokorates this conclusion® some of thc smokce puffs
retainced an alrmost spherical cross-scction while others
were distorted into quasi-horizontal drawn-out "shccts?,
(scc Appendix, Flight of 3 Octover, aftcrnoon).

Fvidence from Projcct Jct Strecam flight analyses
(Reiter, 1962a; Rciter, ILang, ¢t 2l.,1961) as well as from
scricl balloon asccnts tracked by FPS-16 radar (Reiter 1963d)
indicates that mcso-structural details in the wind and
temperature ficlds may retain their identity for hours ond
over hundreds of miles along the path of advection. Assuming



that the small-scale phenomenon of CAT draws its perturbation (11I-8)
energy in esscnce from meso-scale disturbanccs, it would not
surprise that some of thc turbulent patches cncovntecrcd during
Project TOPCAT sccmed to be rather long-livcecd. The flight of
September 12 (scc Appendix) prescnted thce most intercsting data
with this respect: ne2r Lake Dutton, S.A.; the aircraft
encountered a small patch of moderate CAT, apnroximately 15

miles in diameter, cmbedded in nearly laminar surrounding flow.
The patch was marked by a smoke trail and was then penetrated
again and again from different directions. After following

the patch for ap»roximatecly 45 minutes, while it travelled in

the prevailing uppcr current over almost 100 miles, preserving

its identity as well as its general lcvel of turbulence intensity,
the measurements had to be discontinuted for lack of fuel. On
this occasion, the observation:of the smoke trails seemed to
indicate a wave pattern with wave lengths estimated to approx-
imately 50 to 100 yards in turbulent flow. There also seemed

to be a marked difference in smoke trail appearance between
turbulent and laminar flow (see Appendix).

It is doubtful, whether or not the neasurements taken
during this flight will resolve the question as to the effici-
ency of frictional dissipation of turbulent kinetic energy in
the free atmosphere. The final interpretation of data will
have to consider, however, that CAT encountered in this and
similar, but less striking, other cases, was surprisingly
long=-lived, thus suggesting either a countinvous transfer of
perturbation encrgy from meso-structurc through CAT to frict-
ional dissipation, or c¢lse a CAT mechanism which consumes only
very small amounts of perturbation cnergy, thus being able to
nmaintain itsclf without drawing a large awpount of cnergy from
mesostructural disturbances. This would be thc casc if
"undulance" ian the form of gravity-type wave disturbances
along internal density discontinuitics rather than "turbulcence"

werce the main cause for the bumpiness obsecrved by the aircraft.

(c) Orographic Lffects on CAT Occurrcnce

Most of the rescarch flights of Projcet TOPCAT were
staged from thc Royal Australian Air Force Basec at Iidinburgh
near adelaide, beeausc it was felt that the Vount Lofty and
Mindcrs Ranges cxtending in 2 north-south dircction approxi-

mately along 1%5°E might contribute favorably towards highcer
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CAT frequencies in this region (Clodman ct al,, 1961), (III-9)
Further cxamination of the flight data will be nceessary
before an cstimate of the actual significance of these
nountain ranges in CAT generation can be made,

From cloud studies to the lce of the North-
american Rocky Mountains it was found that small-scale wave
perturbations at cirrus level with wave lengths of apnroxi-
mately 100 m as one would expcet them in CAT are at times
gencrated simultancously with largcr-scale lee waves 2.8
described by Scorer's (1949) thecory. One might expect,
thercfore, that weathcr situations conducive to lee wove
formation might also harbor a certain amount of CAT.

Corby and Wallington (1956) have studied the cffect
of size and shape of a mountain range upon lce-wave formation.
E

The vertical displaccment % of air flowing through a lec-

wave pattern is given by

Uy LR -1
- zn'hbe‘l*b'\ﬁ_l_)‘&’ ( lzk) sin k x  (2)

7 7 Z,k\ "k,

where k is the lec-wave number, U is the horizontal wind

speed, Y is the stream function satisfying thc cquation

2 3 '

1 Il,2 2 ]

___32 HF-E)Y = o (3)
7 Z

g . .
The Scorer Parameter K is given by

N2

4
’; J2 - E5 1. 41 (4)
} U U ¢z
) e ol i _ 129086
g stands for thc acceleration of gravity, B = T Iz

indicates vertical stability, with © symbolizing potential
temperature, h is the height of the mountain ridge, and

b its "half width"., The shape of the ridge is assumed to
be

where x is the horizontal distance from the crest.

SRS

Ls is evident from equation (2) the effcecctivencss

of a mountain range in generating lec waves dcpends to a

_—
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certain extent upon its shape. In the case of the Mount ILofty (III-10)
ranges, which rise out of the ocean, the frictional differ-

ences between land and sea will amnlify their orographic

influence especially with southwesterly winds blowing from the

Bight. ®Such winds will have to be expected with the passage

of a well-developed trough over Adelaide associated with a

surface frout.

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 situation of Scptember 4 (see Appendix)
constituted an ideal case meeting both conditions outlined
above. The flight which was scheduled along thc tropopause
level encountercd moderate to strong turbulence near Stone-
field. Unfortunately, there was not cnough fucl left to
explore the full extent of the turbulent area, especially
whether or not it continucd upstream from the mountain range.

Since most of the CAT scarch flighté were carried
out in the general vicinity of thc Flinders and liount Lofty
ranges, the possibility of terrain cffects cannot be ruled
out exccept for the casc cncountercd over ILake Dutton described
carlier. The turbulent rcgion in this instance was encountercd
well upstrcam of thc mountain range over flst tcrrain. Its
drifting with thce wind during such an cxtcnded period of time
also suggests a non-orographic nature of this turbulence
patch.

(4) Conclusions and Recommcndations for Further Research

(a) Evaluation of Forecasting Techniqucs

From the foregoing it appears'that'thc concept of
CAT bcing a phcnomecnon esscntially associated with vertical
stability and vector-wind shcar is quite valid; This would
suggest a generating mechanism for CAT similar to the forma~-
tion of travelling gravity wavces. Forccasting in order to
encounter rather than to avoid CAT apparcntly demands'a more
specific concept of the physical naturc of CAT than is gencr-
ally available from corrclation of turbulcnce renorts with

largc-scale wenther patterns. It scems, however, that only
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(111-11)
techmique. In the e¢nd, a technique should only be considered
satisfactory if it indicates the creas of possible CAT and
excludes those which will not contain turbulence. This
becomes essential in crowded air spaces, as for instance
in some rcgions of the United States or Europe, where
certain areas cannot be avoided by air traffic, but a choice
of a suitable flight level may at lcast ~lleviate the hazard
of encountering strong CAT.

Furthermore, the stability and shear conditions
as observed in the upper troposphere and lower stratosphere
during Project TOPCAT leading to certain CAT perturbations
of atmospheric flow which yet will have to be evaluated
from the aircraft records, may ecasily be compored with con-
ditions of flow at higher levels of the stratosphere, where
supersonic transport aircraft will be operating. It appears
to be of importonce, therefore, thnt the CAT forecasts
made for Project TOPCAT and described above could be verified
reasonably well, thus validating the physical model upon
vhich they were based. This model now may be adjusted
easily to higher levels of the atmosphere,
(b) Smoke Trail Technique

Originally it has been suggested to use smoke
trails as indicators of the atmospheric disturbances causing
CAT. Some visual observations of these trails revealed a
marked difference in smoke trail appearance between laminar
and turbulent flow., Several of the scverer "bumps" seemecd
to manifest themselves in a steplike discontinuity along the
smoke trail. On at least one occasion the formation of

other short (50-100 yards) waves along the extent of the
whole trail has been reported (see Appendix).

As a whole, however, the photographical techniques
did not prove to be very satisfactory. A 34 mm cinc
camera with black and white film was used for smoke trail
photography. Due to thc rather strong haze which was
frequently observed in the upper troposphere, the smoke puffs
did not provide sufficient contrast to give uscablc photo-
grophs., It is suggested, thereforce, that cxperiments be
carried out under varying sky ond visibility conditions, with
differently colourcd smoke and with colour film. L comcera
somcwhat lighter ond easicr to handle than the rather bulky
cincema camera might be of advantage.

Yhilce the smoke trails left somcthing to be desired




in‘revealing the kind of perturbations responsible for CAT,
they proved to be invaluable for marking turbulent patches
and identifying them on subscquent traverses. Only in this
fashion could the long=-livcd naturc of some of the turbulent
areas be cstablished with certainty.

(c) Suggested Avenues of Future Research

While it will be possible to gain somc idea of the
dimensions of turbulent patches, and follow their drift, from
the data obtained during Project TOPCAT, the question of the
large scale extent of turbulent regions is still left open.
As soon as the rescarch aircraft spotted CAT worth while to
investigate it commenced to fly additional traverses through
the same turbulent patch, in accordance of the objectives of
this measurement program. In addition to knowing the struct-
ure of individual patches it would be of intercest, however,
to mcasure thc overall cxtent of turbulcnt zones and their
location and oricntation in space. It is rccommended, there-
fore, that scrious consideration should be given to 2 simul-
tanecous two-aircraft survey of CAT rcgions. One aircraft
with esscntinlly thc same instrumentation as Project TOPCAT's
Canberra would carry out measurement flights through individ-
val CAT patches in order to asscss their physical nature. A
sccond aircraft, preferably equipped with automatic wind
calculating and rccording equipment, would simultancously
explore the atmospheric laycrs in and adjacent to the CAT
‘laycers along relatively long and straight flight lcgs. This
second aircraft should also keep an accurate log on position
and intensity of encountered CAT., It would not nccessarily
have to be ecquipped with expensive gust rccording equipment
however, A combination of both sets of data should yield an
even decper insight into the physical nature of CAT than is

possible so far,

(I11-12)
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PROJECT TOPCAT

Australia 1983

FORECASTING AID DEBRIEFING LOG

by E. R. Reiter.

Wednesday, 4th Scptember, 1963:

Return flight Sydney - Adelaide - Woomera.

Scheduled for flight level 27,000 fect along sharply
defined tropopause over and to lec of Flinders Rangc.

Passage of cold front preceded flight by short time
period.

Debriefing

lModerate to strong CAT was actually encountered along
range. Smoke trail was releascd and flown through again.
CAT was cncountered at samc spot in Iagrangian systcm.,

Viry good recordcr trace obtained from this flight.

Thursday, 5th Sentember, 1963:

Flight scheduled at tropopausc (28,000 feet) along
Flindcrs Range. Strong cyclonic shcar indicated from
map south of Adelaide. ot much CAT expected, since
lower levels are rather stable.

Debriefing

No CAT c¢ncountercd.

Friday, 6th Scptember, 1963:

Flight scheduled along tropopausc and along 140 degrecs
between coast and Woomera. Zonc of two mcrging jet
fingers south of Woomcra might give some CAT.

Debricfing

Very light CAT encountercd. 4 fow cloud photos takcn.




Ionday, 9th September, 1963: (I1I-16)

No flight scheduled, becausc of poor "X situation. Ridgc
between two jet maxima over area,

Tuesday, 10th Scptcmber, 1963:

VX situation indicatcs strong jet moving into area
(Adelaide 31,000 fect, 128 kts; 36,000 fect, 156 kts).
Jet scems to split between coast and Yoomera in a
pronounced delta situation.

Voomera sounding shows stable laycer 27-31,000 fcet.
Adeclaide shows rather stablc conditions throughout tropo-
sphere. Dry layer on top of moist layer commences a
24,000 fect. ©Stable conditions within the dry layer may
bec indicative of strong sinking motion.

Fairly sizcable vertical shears over Adelnide in stable
laycer, also horizontal cyclonic shears south of Adclaidc.

Flight Plan

Adelaide - IMount Gambicr 24,000 fcct.
Hount Gambicr - 140 degrces I - Woomera 27-31,000 feet.

Woomera - fidelaide 41,000 fect on top of an adinbatic
layer.

Debriecfing

No flight. ZIngine trouble.

Wednesday, 1llth Scptember, 1963:

VX situation: large jet with strongest winds 2t about
36,000 f+ (160 kts%. Jet shows strongly pronounced
splittings tendency over Adclaide.

Yoonera sounding 2000Z shows many stable layers below
300 mb, tropopause at 200. Not too favourable for oro-
graphic turbulcnce.

Adclaide sounding 2300Z shows stability, too, but lecss '
than “oomcra. Tropopausc ot 308 mb., Strongest shcar
(vertical) actually above tropopause.

Flight Plen

Take off 11.15 for Voomern, for Jindivik excrecisc. TFlight
lcvel forcecast 26-31,000 fect would lead into tropopausc
region. iflowcver, not much shcar,

Return flight 3.00 p.m. = Woomera = Mannt fombd—e—=
140 degrecs B flsedet——

== =
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Vins not pursucd, however, duc to schedulcd Jindivik (I111-17)

¢xerecises, ©Smoke was relcnced in light CLT region near
Adelaide on a. northerly heading. Plenc mnde 360 degree
circle. Non CAT on sceénd pnss. Pilot (Flt.Licutenant
liorrison) noted, however, thoat swoke had spread out in 2
rother thin shocet sloning upword to the ecast at an angle
of approximatcly 15 degrees. No further exploration

duc to Jindivik exercise.

Thursday, 12th Scptember, 12633

Strong jet core (approx. 225 kts) in fdelnide region.
Stable layers undernecath core. Strong vertical nnd
horizontal shears indicated south of fdelaide. Plane

is to explore possible CAT in these stable laycrs at 24
and 28,000 fect. On rcturn from Voomera flight is
schcduled necar jet core level., Stable lavers are expected
to slope upward towards south. Pilot is instructced,
therefore, to kecp nltitude during first leg flexible
towards higher levels., ‘

Flight Plan

Adelaide - Ilount Gambier 24,000 feet + 2,000
Mount Gembier - Adelsidc 28,000 feet + 2,000
Ldeiaiaé -~ "Toomera along 140° 28,000 fecet

Woomera - Adclaide 34,000 feet

Dxplere CAT whcnévcr encoeuntered. Else explore étrongly

developed jet moax,

Debriefing

Hiagust speeds 31 degrcees 48 8, 137 degrees 02 I, .
282°/133 kts at 31,000 feet.

Lt this point mecderatc CAT encountercd in snall patch,

S 20" duration of longest record. Potch was approxi-

nately 14 miles acrose and long. This patch was mnrked
by smoke and photograpvhed (slight woves scened present.
yuestionable, however, whcether thoese wore produced by
aircraft). Aircraft followed this patch downstream
80-100 niles - 45 minutes). .C.T stayed at pretty nuch
the sane mognitude all the while., '

Lt. Morrison: Sriocke went into sinusoidal waves., Vave
lengths were ton large to be aircroft-produced. Viaves
were largest where CAT was scverest. One run 1,000 fcet
above, one 2,000 foet below 32,000 (main level) also
showed CAT but less; much less on lower lovel, slightly
less on higher level. CAT pateh moved across nountains.
AT was still there when mission wos obandoncd due to
lack of time and fuel.

On way up (level 28,000 fect) thin cirrus wos obscrved
below flight level (presumnbly on basc of stable layer
cvident from Adelaide sounding).

Lireraft winds weore much lighter in genercl than balloon




winds. ©Smoke trails seem to give wave pattern even after
3 minutes. Some of them broke up. FEven one step was
observed. Wave length of smoke waves approximetely
50~100 yards.

Post Anelysis

Shows that aircraft winds were nearly correct. lerging -
zone of two jet fingers apparently was moving in over
area, with rapidly weakening winds.

Radiosonde winds seem to be too high on the average,

which suggests application of curvature of earth correct-
ion would have been desirable.

Friday, 13th September, 1963:

Jet maximum rapidly drifting eastward. Vell pronounced
mergin zone between two jets scems present over cast
coast between Sydney and Brisbane. Surface chart shows
two cold fronts in area, similar to setup encountered
over U.S5.A. If situation does not deteriorate too
rapidly, CAT should be encountered in this region.

Villiamtown (Sydney) shows 40 degree turning of wind
with height near tropopausc or stable layer at 250 mb
(34,000 ft).

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

American B707 reports severc CAT over Avalon near
Melbourne between 20 and 30,000 feet, 0200 EST, outside
of shear area according to George, btut in gencral
vieinity of convergence linc between two merging jets,

Flisht Plan

Adclaide to Villiamtown. Explorc 31-37,000 fcet region.,
Follow a line Adelaide = ¥Mildurs -- Cobar - between Coff's
Harbour and 'Tilliamtown. Deviate approximatcly 60-100
miles on either side of this linc, going up and down at
same time.

2nd part: Willizmtowm - Brisbanc 31-37,000 fect, Stay
over or east of mountains and explore convergencc zone
between two merging jet fingers.

Both parts of the mission will be donc without rcfuelings,
in onc stretch.

Take off 1:45 S.A. time.
Debricfing

Convergence line was not found. Vinds were very light.
Only very light CAT over coastal portions of flight.

VX map of 6 hours later shows rapid dccoy of situation,
Convergence line woved towards cast very rapidly, dimin-
ishing in intensity.

(111-18) |
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Saturday, 14th September, 1963:

140 kts jet shown rather far to north of propcsed flight.
Constitutes tail end of strong. mez which moved into area
only yesterday.

IMlight Plan

Richmond (Sydney) to 35S/148E to 328/145E to Adelaide.
Flight should lead along anticyclonic side of subtropical
Jet. TLevels: 33=39,000 feet., ©No turbulence expected.

Debriefing

"inds stronger than forecast. 155 knots, at 38,000 feet,
325, 141 degrees 28F, Haze at 38,5-39,000 feet. 1Mo
CAT.

llonday, 16th September, 1963:

WX situation shows Jet stream picking up slightly in
Specd, probably due to low moving into vicinity of
Tasmania and probably cold surge behind it. Cold front
has moved through Adelaide ares in early morning hours
(approximately 5 a.m.).

Adelaide 2300%Z sounding shows same upper tronospheric
characteristics as Woomera at €000Z. Jet system, there-
fore, has shifted south, characteristic of post-trough
conditions.

Adelaide shows strong vertical shear in stable layer
near 20,000 feet.

Flight Plan

Climb out: Adelaide - 383, 140E, 20,000 fect - Fount
Gambier between 19-23,000 fcet.

lount Gambier - 32 degrees S, 140E at 33,000 feet + 2000
feet. Some CAT (orographic) poseible at both levels.

If lower level shows clouds, procecd to higher level.

If CAT is found, cxplore.

Debricfing f

Perceptible to slight CAT at 19-21,000 in slight haze {
laycer. Another haze lager at 31 dcg. 308, 139E, approx. »
33-35,000 feet., CAT continuously on way down to lMount

Gombicer, f

One slight patch of CAT was found ovecr Stonefield,

|
|
\
\
} 1 Smoke trail showed slight dip, but no sinec wave as on
- previous occasion of moderate CAT. 1In flying back,
\ patch could not be found.




Tuesdoy, 17th Septcember, 1963: (1II-20)

Tail end of jet strcam over liclbournc, from a south-
westerly direction as of 16th Scptember 1730 meps.

Flight Plon

liount Gambior, Laverton, at 30-33,000 fect. Wot much
CAT expectcd. Tlight should be mainly on anticyclonic
side of jet.

Take off anprox. 1000 hours C.S5.T.

Return in aftcrnoon along samc flight pattern.
Debricfing

Slight CAT approx. 33,000 feet 80 milcs SE of Edinburgh
to Nhill,

Wednesday, 18th Septcmber, 1963:

Roglon of S.Avy Viec. and V.5, W. down to Tasmania covered

by leCulnb high. Jet stream moves in aloft, howcver
Acoording to aircps it scems to have strong antloyclonlc
bend southcast of Forrest over the Bight.

Flight Plan

Take off %ppro*. 1C00 hours C.S5.7. on routinc cxploratory
ission Adclaidc -~ Mount Gar blur -~ Taverton - lMount
Gambicr - Adclaide.

Not much in way of CAT expcctecd. Vatch for strong hori-
zontal and vertical shears in Laverton region, also for
decerease in temperature. Flight lcvel 36K + 2,000 feot.

Debricefing

Very strong vertical and horizontal shears cncountered
hetween Mount Gombicr and Laverton.

01307% 02137
Iiount Ganbier ;
32,000 foct 261/125 32,000 f+t. 353/35
37,000 258/90 ; . '
36,000 *© £46/85
01447
Taverton
35,000 fobt 245/75
34,000 208/42
33,000 " 239/38
52,000 " 011/90
31,000 " 218/30
32,000 M 235/22

Very slight CAT at 32,000 fect halfwoy between ILaverton
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and lMount Gambicr. A very shnllow but intense branch

of the ject strecam thus sicms to boe croseing the blocking
high pressurc ridge, vhilc thc main jet scems to be
holding furthcr to the NE (rcgion of 30S 130E).

Thursday, 19th Scptember, 1963:

Plocking situntion still continucs with no signs of
imminent change. It was decidcd, thercforce, to have

the two-dey inspection of the aircraft now, if possible,
rather than Thursday and Friday of next weck when flying
conditions again might be more promising.

Friday, 20th Scptember, 1983:

P

Blocking situtationstill prevails, howcver, with
indications of weakening uppcer winds in this region.
Very light winds, max apnroximately 50-30 kts. No CAT
indication from forecast according to liclbourne, which
justifies decision of ycsterday to have airplanc over-
hauled.

iondny, 23rd September, 1963:

Blocking situation‘still prevailing. High on surface hzs
however, shifted to NE.

56,000 ft winds show intercsting merging pattern of two
jet fingers.
2300%2, 22nd September, 1963.
hdelaide 298/69
Woomera, 268/55
laralinga 285/16
Oodnadatta  278/105
Strong horizontal and vertical shears indicated south of

Oodnadatta. C.LT expected in nerging zone, if it can
actually be found.

Plight Plan

Adeloidc - Woomern - Qodnadatta - zcro drift to 1398 -
Adelaide.

Level 35-40K, winds of 36K should be comparcd with our
chart. Else concentrate on 36-10K,

Debricfing

Horizontnl shear hns been found 2ll right. ginimum winds
42 kts. Max. winds 120 kts 27 deg. 875, 1357°55E at
36,000 fecct.

Very slight CAT ar 20K, 28K, 32K and 38 during clinb out.
Light CAT over Codnadatta 2t 38,000 fcect. AT occurrcd
with zero drift. In foct, slight CLT occurrcd so
continuously that attempts to take a smooth-air data
sample for compariscon failed.




i (111-22)
Tuesday, 24th September, 1963. liorning:

Strong confluent region SE of Alice Springs still main-
tains itself. Possibility of CAT with trailing end of
strong trough passing aloft over IM.S.V., Max. winds near
36,000 feet, max. vertical shears seem to be slightly
lower than yesterday ( € 31,000).

Flight Plan

Take off approx, 9:30 Level 36,000 feet + 2,000. north-
ward along 140 degrees F to approx. 27 deg.S. Watch for
snift in wind directicn and increase ir wind speed near
26 to 27 deg., S. In case CAT is encountered, explore
the CAT bearing layer horizontally in ' snaped flight
pattern. ZILook for stronger patches. In this case
continue to 24 deg.S then re-fuel in Alice Springs.

Debriefing

Winds confirmed. Ilax. wind on return 120 kts, 34,000 ft.
near 27 N. 20 kts over Adelaide. Zero kunots over Stone-
field at 37,000 feet. ©Small patch of light CAT 70 miles
NE of Broken Hill, 31.548, 139.45E, 32,300 feet showed
detailed structure of a number of very small patches.,
Patches all about 50 sec. duration. One was measured
was still there on return, nothing upstream (10 miless
and below (500 fcet). Also a few patches at 34,500, very
slight, however.

Winds in turbulent region only approx,30kts.

Tuesday, 24th September, 1963, Aftcrnoon:

Shear line still prevailing NI of Adclaide and Mildura
with SE Jet over Mount Gambier.

Flight Plan

Adelaide - liount Gambier - 30 deg.S, 147 E - Adelaide at
28,000 to 34,000 ft. 3Search again for convergence line
and possible CAT at tronopause level (according to
Voomera soundings at approxz. 29,000 ft.).

Debricfing

Max. wind 65 kts, 129°, 34 deg. 26 S, 141 deg. 28 E,
28,000 feet. Convergeace line still established, but
did not fly into northesrn shear area.

Light CAT at 28,200 ft., measured contrail was smooth in
smooth arca, turbulent in CAT (ncar Broken Hill).

(Change was evidcent very abruptly in contrail appearance) .
Light CAT also obscrved 32.3K. 31.2K over liount Gambicr
dovn to 27.3K,

28K and 32K were thc main leovels of light CAT. Flying
through snoke trail, no CAT in trail, but light CAT
furthcr to east than original patch. All the time winds
changed dircetion rapidly with height (e.g. by 38 deg. in

é ...
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2,000 ft)., CAT was found with winds 054 deg. 34 kts.

Photos taken of smooth and turbulent patch of CAT.

Yednesday, 25th September; 1963:

Convergence line has shifted slightly to the north, with
upper level easterlies over Victoria. 130 knots, 280 deg.
at 31,000 feet over Brisbane indicates strong subtropical |
jet stream in this region. \

Flight Plan |

Region to south of Brisbane cannot be explored as
originally plamned, because of Z2-day air defence excercises
scheduled out of Sydney. Arca closed to air traffic,

Tlight levels: 26-31 X a nd 40-42 K. Exploration of two
stable layers, especially the lower one associated with
strong vertical shears and possibility of CAT, especially
near convergence line,

r

Adelaide ~ 30 deg.S, 1450 - Brisbane !
|

|

Debriefing (from Telegram)

Tasterly wirds veered westerly between 143 and 144 ecast,
remained westerly, speed increasing with decreasing
southerly latitude, to max of 140 kts at 27 S. Blight
turbulence E0 N Il southeast Broken Hill, not recorded.
Winds found Brisbhancc area agree with 242300 chart.

CAT near 28 X, Shear line Zurther to west than antici-
pated. ILarge CU in Brisbane area, no CAT.

Thursday, 26th September, 1963:

Shear line scems to hold stcady as con previous day. New
jet branch aypears SY of Vocomera, with substantial
vertical shears, and with turning of wind from 190 to
250 degrces through a very decp stable layer (24 to 33K).

Flight Plan

Sydney area still closcd. 2Brisbanc - 28 § - 28 5,138 E -
Adcloide. Flight level 33 X o 24 K. Watch for CAT

near 143 E (trough line) and south of turning point

(138 E), ecspecially at 24 K level.

Debriefing

Very strong vertical shear over Brisbanc. 210deg/100 kts
at 30,000 fect, 305 deg/70 kts at 32,000 feet. No CAT
along wholce flight. Northwesterly winds arc not

evident from maps but werc cncountercd during south-
bound lecg of flight.

At 145 B trough was cvident from sharp line of Cu up to
26,000 ft. Iinc of Cu and Ch also over Brisbsnc (28,000)
with strongly shcaring anvil on top. Aligned along
dircction 160 dcgrees. No CAT downwind and over top of
these Cu, even at 27 X flight level.




; Iriday, 27th Septorber, 1963: (111-24)

b - ——

Venbher ultuntlon doos not, indicate any CAT. Winds of

yesterday's flight nroved to be correct, with light
trough having moved through rcgion.

Flight Plan

Crew wants to visit with B~57 pilots in Melbourne.
Flight level at 31E+2K should lead into vicinity of
tropopause, No CAT anticipated

Debriefing

NO CAT found as expected.

Monday, 30th September, 1963, Morning:

Well-developed subtropical jet strcam over Oodnzdatta
region, with pronounced confluence line over Yoomera.

I'light Plan

Adelaide - Woomera - Qodnadatia - Woomera., Ievels 27 K
to 33 K. Iight CAT possible in region of shear line
slightly north of Voomera outbound, near 30 to 31 K
inbound in region of max turning of winds with height.
If any CAT patches are found they arc expected to move
with the wind, since there vould hardly Le any orogr
cr front:l

;
- a3 vy r 3 199 e PP | o
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Light to moderate CAT in very small patches (could not
be identified properly on return runs, therefore,
conclusion "small"), One scvere bump (isolated,

i estimated 1g) in small isolotod pateh ot 28,300 ft at

| 29 deg. 118, 140 deg. 31E. Patches seemcd to be

| shallow. Onec contrail photographed, with shorp vertical
drop in trail, coinciding with spot where bump occurred.

~ Also marked difference obsorved in contrail anpcarance

, between larinar and turbulent flow.

Monday, 30th Scntember, 1963, Afternoon

Jet max sccus to move castward rathor rapdily, while
confluence line still occupies approx same regions
earlier this morning.

FMlight Plan

Voomera - 26S, 142F - Adeclaidc. Concentrate on layer
29-31K. CAT again cxpected in region of strong turning
of wind with hcight.

Debricfing

1 Better CAT patches found than in morning. 29 deg., 55 S,
i 141 dog. 07 E. TFirst patch found ot 27.200 £t 1000 ft




(I11-25)

bclow = still good CAT; 500 ft akove, not much CAT there.
smoke trails 1laid.d milces Gpiiind gnve ~bout gaome turbul-
ence. There scemed to be larger CAT layer. ©Small CAT
patch a2lso found during turn. One modecratce to scvere
bump found in onc small patch. Temncraturc scemcd
rathcr uniform. M"Grecm Satin® did not scem to work

properly.

Viinds in CAT region 262 dcg 12 Tts 26,000
270 ™ 25 ™ 27,000
289 33 " 28,000

position: 30 deg 395, 141 deg O0RE to 30 deg 128,
141 dcg 15E.

Tucsday, 1lst October, 1963:

Convergence linc aloft scems to move eastward at a rate
of approx. 4-5 decgrees long. pcr 6 hours. CAT recgions,
therefore, deteriorating ropidly. dAlso vertical turning
of wind scems to have increascd.

Flight Plan

Adlrcraft duce for comparison flight with DC3 at Viagga -
Vagga., Adelaide - Viaggn ot 27-31 K. Convergence line
cxpeeted over Waggn. Try to fly search pottern there if
time permits. Not much CAT cxpected.,

Dcebricfing

Aircraft did not catch up with convergence line. No CAT,

Thursday, 3rd Octobcr, 1963. HMorning:

larked confluence linc in region of Yoomera and Cob-r,
between subtropical jet with strong horizontal shear and
southwesterly Jjet strcam branch. Possibility of CAT
along this shecar line, wainly in laycr 26X to 31X of
rapid turning of wind with height (196 deg - 260 deg).
Scecondary layer with strong scalar wind shear between
32-32K (60 - 99 knots) according to Toomera sounding.

Il ight Bricfing

Northward along 140 decgrecs, till arca of vecering of wind
is rcachcd at anproximately 31 degrecs S - then course
070 dcgrceces os far as possiblce. Fly search pattern along
this leg. Levels: 26-01 K, and 32-34K with preference

to lower layer.

Dehricfing

Lote of CAT, light to modcratc, 31 degrecs S, 140 degrccs E,
28-29,000 ft. Aircrnft did not follow lcg ot course

070 dcgrees, because CAT was quitc good in convergence

area where predicted.
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Thursdﬁy,_gzg October, 1963. Afternoon: (I11-26)

Confluence conditioan still holding un. ALppears to be
moving toward SL.

Flight Plan

Explore area of previous turbulence, which possibly may
be further south now. ©Same flight levels as during
morning flight.

Debriefing

rz (9]

Light to moderate CAT again at 140 degrees E, 32 deg. S,
28-29K ft. Downward buups seemed to be stronger than
upward bumps. -Light CAT almost continvously. ''ind
veering sharply near 32 degrees S5 between 26K and 30K.
Most of the turbulence found immediately north of
convergence line in (slight) westerly winds.

Two haze horizons observed, one approximately at flight
level of turbulence, the other slightly higher, probably
around 34 X. Smoke puffs: some stayed well rounded,

some scemed to spread out into thin horizontal sheets,
probably depending on meso- or microscale vertical

shear systems.

Due to strong haze, smokc puffs were lost quickly.
Could not be photographed. One nrobably would have to
use colourcd smoke and colour film,




	ATMOS_TOPCAT_00001
	ATMOS_TOPCAT_00002
	ATMOS_TOPCAT_00003
	ATMOS_TOPCAT_00004
	ATMOS_TOPCAT_00005
	ATMOS_TOPCAT_00006
	ATMOS_TOPCAT_00007
	ATMOS_TOPCAT_00008
	ATMOS_TOPCAT_00009
	ATMOS_TOPCAT_00010
	ATMOS_TOPCAT_00011
	ATMOS_TOPCAT_00012
	ATMOS_TOPCAT_00013
	ATMOS_TOPCAT_00014
	ATMOS_TOPCAT_00015
	ATMOS_TOPCAT_00016
	ATMOS_TOPCAT_00017
	ATMOS_TOPCAT_00018
	ATMOS_TOPCAT_00019
	ATMOS_TOPCAT_00020
	ATMOS_TOPCAT_00021
	ATMOS_TOPCAT_00022
	ATMOS_TOPCAT_00023
	ATMOS_TOPCAT_00024
	ATMOS_TOPCAT_00025
	ATMOS_TOPCAT_00026
	ATMOS_TOPCAT_00027
	ATMOS_TOPCAT_00028
	ATMOS_TOPCAT_00029
	ATMOS_TOPCAT_00030

