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C.A.W.D.S. DISCUSS‘ION-‘GROUPS' T g

- An interesting discussion in this series took place on
Friday, 16th January, 1953. - The discussion.was led by a guest
spéaker, W/cdr. D R.Cumming, C.0. of ARy and~D U Laverton, who
is the leading R.A.A.F. pilot of" jet aircraft e :

The speaker was introduced by Mr.J.Wg Lillywhite, who
emphasized the Fact that we were extpremely fortunate in being.. able
EE heartthe opinions and obserVations of such an eminent "man on :

e spot' LT RO

2. o Mr Foley conveyed the Director's apology for non- attendance
due to 11lness. . : ‘ . w -

3. W/cdr. Cumming commenced the discussion by commenting on
the forecasts so. far received for high ‘altitude flights: over
Australia.: On the credit side, the forecast winds and temperatures
received weré usually good - far beyond  the: expectations of the

, Crews - but on the debit side was: quoted° :

~(a) height of- cloud tops frequently underestimated

(b) turbulence forecasts frequently poor°

(¢) some wind forecasts in error - particularly on oacasions T

-when the Jet-stream was encountered.‘

The speaker quoted a particular instance of (a) wh eh,

in his opinion, was-typical of such forecasts in Northern Australia.'”“

that of a "front" oriented NE/SW through.Daly Waters - Cb" tops
forecast to 25 OOO ft, at which height the RAOBS (presumably
Darwink) showed a marked inversion.. However; “the’ flight experience
showed that the CB. tops first "bumped up"" the. inversion level, then
"convectional puncture" occurred, with the growth of individual ’
CB to 45/50000 ft., where the tops flattened, possibly due to, .- -
reaching the lower lapse rate levels near . or at base of: the strato--
sphere. --In the case quoted, this whole process of. growth of - o
20,000 ft. or more above the: inVersion occupied only 12~ 15 minutes.ﬁﬁ

- W/cdr Cumming expressed the opinion that local CB over
"higher humidity areas'" frequently show higher growth than is .
indicated by a: RAOBS taken .at ‘some place not far distant, but. with“
a drier surface.,< 'Alsor that, once’a CB breaks through the Tower:-
inversions, the '1imit of its growth is only some: upper inVersion

or the tropopause, if the necessary water varourbe available.
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MR.ASHTON - here gave a summary of the methods normally adopted

by. forecasters in attempting ahasscssient of CB growth. .. These
methods .should 1nclu@e~conSidergt;on-p;;the{poiﬁtéImeqtiOnedqpy

- the speaker, and; in additdon, -t oneifra TS R EEEC TR

e

.+~taken:place in Qheﬁairﬁmass?siﬁde?%héfSoynding,g%5¢¢,:
T wasimade-and, oo ot e g Gne s RO RE e

(a) the changes, both convective and advective,.which have
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 (b) 'thé rormally higher values of surface temps ‘thati those
: - shown by screen thér@ometerg;m_-‘= : - Y
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"MRIWOOLCOCK - ‘pointed out that the particular occasich quoted by

W/edr .Cumming was of cloud growth at a "fpontﬂ‘é'wConsideringff

- tﬁeanegion,refernedﬂto;ﬂthis~was:moré”likélyf%ofﬁeﬁagﬂggnyergéﬁce

"7 tefiding to J4fE the air. - .
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",,MRT&AMES~—~quotédfén;occ imi rowth- e
f”byﬂalCOanirgaircraft.at'20,000‘dvergporﬁhébpjvggtopi
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zdngﬂ,g:,Thisﬁregion*iswa'pneferfedvpdsitibﬁ”fpfithe”locatibng;

of such.a zone. - So thatthere mould be at least two factors
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(a) the thermal instabilit

y Eauéed:by ;he_;iéipg,surface
~tempes o VMR L R e T

(b) the 11ft caused'by-the conveérgent windd, =7 % “

Do Thefeffectuof&(a):might“BéﬂfOPécaQtﬂﬁfﬁﬁ reasonable
‘accuracy, but the effeect of (b) s normdally ‘michmore "
difficulf. | o S )

'>-ééiéhlbf?similérfCBfgf6Wth;éﬁh6ﬁﬁférédlﬂ

suppbrting;the,W/Cdxiﬁ_arguments;$fgw

!fMR.GﬁiFFIIﬂt}yaskéd as*thwhetﬁer'éxperiengé~had”sh6%n ihgtlQ;jjn

- these; CB: punctured- the tropOpéusehl““ThE'anSWéf“Was ﬂYéé*ﬂ, S

whén(thegtrqpopause is noi;*rsha;-p‘}ay?fd_e‘f.fl{ledf}}:m;~

-+ The Speaker then went on’the Speak of the effect of = .

.gcirrﬁs cloud on high"altitude flight. . "His $tudy of radiosonde

recorder traces and subsequent observation in flight has shom
that Significant-cirrusmis~oftenﬁpré5éﬁtlw;ﬁhdﬁt‘@nyﬁapgrqprigt¢T
Wincréased«humidityﬁlayér"xbéing“%howﬁ 0n'théjaéndlqgiga1 PP
‘dlagram, - The efficiency @fmthé'humidity“élgment’in'gggiig-ggph'
that théﬁrecorder”fnéquentlyAshowsvonIy_a;minqruﬁkick"uwhigp:

not “taken:as significantior = Do row T E D s
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This cirrus cloud is generally less dénse;td fly
through than cloud composed of water droplets, but is still
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sufflclent to completely ‘obscure the ground beneath Icing '
has not been experienced in cirrus cloud :

MR.JOHNSTON - asked if any. figures could be given ‘as to the ‘
average height of cirrus over Melbourné.  Answer - dependent
on time of year - ranged . from 15,000-25, 000 ft - Mare S Tails
experienced at 25-30,000 ft,. ' R

MR, MURFETT ~- asked if turbulence. had been found to be present in
Mare's Talle - the form of the cloud indicating that this might
be so.<_ Answer - sometlmes, sometlmes not.

MR . MALCOLM - asked if. turbulence had- been found to be present .
in that type of "upswept cirrus" of thicker form than Mares Tails.
Answer - no experience in thls type. of cloud : _

Acting on a suggestion by Mr. Foley, the- discussion then
turned to high level turbulence. The Speaker, made  a classification
based on experience,,of this type of turbulence as’ follows~

1. Sllght - assoclated with inver31ons or changes in lapse
. .rate (here ¢ommentcd that this. type of turbulence was
practically always present around Mélbourne) .

2. Moderate Turbulence - associated with Mare's Tails,
alto-cumulus and cirrus rolls and similar cloud which:
gives evidence of wave- -1like flow at upper levelS°.

~.also at.the tropopause, where moderate Flnversion
tvpe" bumps are felt . :

3. Severe turbulence - assoc1ated with large W1nd gradlents S
-in particular with flight intog. the jet-stream on, the.
Poleward side, when dangerous. turbulenoe, of sore few
minutes duration, 1is felt. He had no expemlence of
turbulence in the stratOSphere.

On the topic of the jet-stream and upper w1nds at high
altitude in general, the Speaker made tLis preliminary comment -
"That a conference betWeen the crew of the aircraft and the
forecaster, with reference to the CP charts at the flight levels,
gives extremely valuable information both as to the accurate
forecasting of winds, and to” the utilization of the forecast".
This was illustrated by reference to flights in which various
difficulties were overcome by usihg 1nformation gained at such

conferences.

MR.GIBBS - asked as to the magnitude of the permissible error
in forecast winds - Answer. - thls depends on tre lengthhof the

~ - . had »
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flight in question - an error of up to 60 knots may be
allowable in a short flight,. cbut- this could reduce to 2O knots
or lower on a long flight. - .-

VR.LEE - asked if cloud” ‘hadibéen” encountered in the. strato—
- sphere —-Answer - not in Australia but an one" occasion in -
_n.England thick claud: had ‘been encountered above the '

. tropopause. : S ~

MR.WOOLCOCK. - asked if the effects -of forecasted temperature‘
at. high Tevels could be:.clarified, as the literature seemed to
indicate that this was. the most ‘important factor in relation
to the operation (particularly civil operation)of Jet aircraft

- The speaker made the follow1ng p01nts.—"Jm

(a) the effect of temperature change upon the '
.,.performance of ajet:aircraft (and consequently the
impact of. errors in.forecast temperatures) is-great,
particularly in regard to altitudes and air-speeds
"attainable. In general, the higher the temperature
the lower the performance of- the Jet aircraft but -

(b) ‘the range of the aircraft need not be- altered,
provided due consideration is given to the expected
.. .or observed temperatures. i o

MR GIBBSA- asked what were: the effects of a- strong surface
inversion, such as existed on winter mornings over inland
Australia, on take-off conditions. . Answer - usually not
dangerous. - may cause atemporary 51nking as the inversion
is passed , . ; . :

The discussion then closed Mr J W Lillywhite
conveying the thanks of the meeting {0 W/cdr .Cumming, the
remainder of those present confirming him by acclamation.
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G.AWW.D.S. DISCUSSION GROUPS -

by Mr, E. B. Kell on 19th December, 1952." .

R

Theoretical Knowledze of the Tropbpguée

. Téisserenc de Bort first defined thé tropopause as the
bounddry Between the troposphere or lowest region-of the atmos-
phere through which the°temperature falls more or -‘less regularly
with increasing height and the stratosphere or: éverlying region
in which the temperature is nearly uniform or Incroasing slowly
with helght, . :

The classical explanation of the division of the
atmosphere into troposphere- and’ stratosphere was given by .
E. Gold and W.J. Hunphreys who regarded the ‘stratosphere temper-
ature ‘as determined essentially by the requirements of radlative
balance and the troposphere as a reglon in which the turbulent
- transfer of heat upward was dominant, .::On this basis it would
be natural to regard the tropopause as the upper - Iimit of
convective turbulent exchange, and the sharp change of lapse
rate at the tropopause as a:.change from'a lgpse determined by
turbulencé to one determined by radiation, - However; although
usually. steep, thé lapse immediately below the tropopause is not
normally sultable for pengtrative-convection either of dry or
moist ailr, and moreover although turbulence has been reported by
alrcraft at these levels, 1t seems unlikely that penetrative
convection 1s proceeding actively and continuously at levels
immediatély below the tropopausc, as it is, for example, below
the inversion which limits convection in the lower layers of a
summer anticyclone, : : C ' -

- In the absence of persistent convection fron below, it
would be surprising that the change of lapse rate should remain
as sharp as it is found to be, .if. there were no other factors
operative. ‘In an atmosphere wlth homogeneous radiative propertics,
radiation as well as turbulence would terd to smooth such a
discontinuilty.,. It is noteworthy that the radio-soundings fail
to detect any departure from a discontinuous change 1ln lapse
at the tropopause on a majority of occasions, .

A rapid decrcase upward of humidity of the air 1s known
to be a feature of the lower stratosphere although not always
identifiable with the tropopause (Shellard); a sudden change
in the haze content has also been observed (Brewer). The
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radiative loss from a moist. or hazy atmosphere compared with

the overlying cleaner .airmay well :-geccount-for-the sharp change

of lapse at the tropopause (see F.M8ller). The cause of the
low water‘content,of;ﬁhemtgmperate_stratosphere 1s still
undetermined ,* R e ‘

A.W. Brewer suggested that air

1s transferred from. . -

troposphere to stratosphere in-the-equatorigl-belt and poe—- -

absorbed in the troposphere in the temperature region, thus
maintaining. the dryness of the temperate stratosphere. J.K.
Bannan and A.H.R, Goldie have suggested g, Similar circulation
for slightly differcnt reasons., If the transfer of air

from the troposphere is a fairly rapid process it might also
oceur in temperate and subtropical latitudes.,

Statlistical Propertics. of the Tropopause

. The statistical method has proved well adapted to
colldte knowledge regarding the behgviour.of the tropopause.

= :in'1919, Dines first emphasised the high corre-
latlon between the tropopause height and temperature and
conditions wlthin the troposphere. ' .

- Since then the broad correctness of his results .
for the U.K."has been confirmed by scveral investigators:
and "probably the most relisble evaluation of the correlation
coefficients is that by C.H.B.Priestly, )

1_Thé:étatisticalﬂfelétion'between tropopause height
and the synoptic situation was also investigated by C.S.
Durst. and W.C.Swinbarks, ‘ B : .

The most important relations are -

height and temperature in the middle
troposphere (s.g. at 500 mb.) ( 0.65)

(a) 'positive correlation between tropopause

(b) positive correlation between trbpopauSei
height and surface pressure ( 0.49),

(c) positive correlation between temiperature at

the tropopause and pressure at the tropopause

L 015). ' I

" Values in brééketsaafé‘the‘correlatibh coéfficiehtéiﬁfﬁ*
evaluatéd by Priestly'for Southern England 1944, S
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Synqptic.Studies of.the Tropopause.ﬁ

Palmen emphasises the Importance of vertical motion
-as well as horizontal advection in displacing the tropopause,
but also introduces the idea of the reformation and dissipation
.of the tropopause by dynamical convergence and divergence,

Palmen found that the tropopause behind g deep and = -
active depression was often at a lower level and—Yower- @« ===
than the original ccld air mass. He concluded that not only
‘was verticdl motion important in lowering the tropopause
behind a depression but also that the tropopause dissolved .
at its old level and reformed at a new lowor level behind a =
. deep depressioh, = - _ o A o o o

_ K. M. Douglas regarded advection, vertical motion.
and reformation as operative in. determining the configuration
of the tropopause but he has stressed radiation and turbulence
as factors likely to lead to the dissipation and reformation
of the tropopause rather than dynamical divergence and convere=
gence stresscd by Palmen.

4. Refsdal has also emphasised the radiation effedt.

S The 1dea that the tropopause may dissipate _
‘dynamically and thus result in two or more discontinulties of
lapse rate at the lower boundary of the Stratosphere had led
to the introduction into aerological analyses of the-
"multiple" "follated" or. "laminated" tropopause, The most
complete exposition of this analytical technique is given
by J.Bjerknes and E.Palmen (1937). = They regard every
discontinuity of lapse rate near the base of the stretosphere
as a "tropopause" and where there 1s morc than one such :
discontinuity the tropopause is regarded as multiple,

Observational evidence from soundingS(reaching
the tropopause) doces show that more than onc change of
lapse rate is not unusual. However, the evidence within
the paper by Bjerknes and Palmen seems a little foréod.

- More reccntly meridional atmospheric cross sections .
have been prepared in which the authors have analyséed the
tropp ause of the Northern Hemisphere into two or three
discontlinuous sheets, e.g. Palmen and Nagler (1948) reccognisc
. three district tropopause shects on some vertical cross

sections which they have drawn vizi=-






