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Abstracts A;stﬁdyfhés'béen_méde_of'fivelselectéd,
synoptic secvences:involving ' the development and.
deeay ‘of ‘cyclones in the dustralasian area, with a
‘view to estimeting the relationship between surface ™
developments' and the form of the 300 wb contours.

ship appear plausible.

Some generalizations on this relation-

4 noteworthy correlation was obteined

between surface cyclosonesis and vorticivy advection

1. INTRODUCTION

S ‘The. gonditions under which cyclogenesis occurs
have been the subjéct of numerous investigations.>A,The‘
work of '‘Sutcliffe’ (1947); Riehl (1952 1953), Palmén (1951),
Petterssen (1955), Bjerknes (1955) and many others has added
considerably to our understanding of the three dimensional
processes accompanying-cyologenes”s,-but the picture iz hot

complete,

: » It wes decided to make o study of ‘some” &ustralian
sequences,- using the'gfid_propoSed‘by’SaWyér'and Matthewman
(1951) to evaluate vorticity and vorticity advection,” ' °

. Beeause of the greater number and reliability of observations
at 300 mb, this levsl wes chosen to represent the upper
tropopause, although the 200 wmb level "would have been
prefersble in low latitudes from other points of view, since
this is usually nearest the level of greatest divergence.

It may be noted that the Australian radiosonde network is
located in lower latitudes than is' the case overseas, and
that the prevailing jet stream here is frequently regarded
a8 being different from thet at higher latitudes

(Palmen 1951), S e e

The suggestion in an earlier article (Clarke
“1954b) ‘that positive vorticity asdveédtion -aloft should be
accpppanied by surface .nressure falls, and also by
ascending motion in the lower tropopause, wa's ‘based on
well~lnown reasoning emnloyed by Sutcliffe (1947) , Palmeti:
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(1948) and others, Thése tws hypotheéses were briefly
tested in a number of situations. It was found that in
general there apveared to be a -correlation between surface
pressure change and (geostrophic) vorticity advection in
the upoer,tfoposphere, but. that it was far from close.
There appedred, however, to be s somewhst closer connection
between cyclogenesis and vorticity advection aloft. The
present investigation is partly aimed at resolving this
matter., The hypothesis that ascending motion eccomnanies
vositive vorticity advection was strongly supported in the
cases investigated (11-24 June, 1950) by the close
connection between extensive inlend rsin, the resulteof
organised ascending motion, and positive vorticity sdvection

at 300.mb,

el

‘2. IHE  PROCEDURE_ADOPTED

It was first necessary %o define cyclogenesis,
which presents a minor problem, since by common consent
the term is applied not to conditions at 'a fixed point, but
to those in a moving disturbance. Until the .disturbsnce is.
sufficiently developed to bossesg a pressure minimum, some
other means must be employed to fix it. Two alternatives are
availables the incipient disturbance may be fixed by the
isallobaric fall centre, or by the centre of circulation, -
that is, centre .of maximum relstive vorticity of the field
of flow. By following the position and intensity of meximg
©of relative vorticity of the negr surface flow from chart
to chart, a.disturbance may be traced with some confidence -
back to its beginning, and this was the method chosens
Strong srguments exisf for using the isallobsric field
rather than the vorticity for this purpose, but this method
was abandoned as being unsuitable for use Over ocean areas,
while the labour of constructing sufficient isallobaric
charts. at.the required times of day would have been too
great, S - Qo o

'Rélafive»vorticity was evaluated by means of s
five point grid 4,B,C,D, at *“he corners of s square of
diagonal 400 nautical miles, and O the cenire (Fig. 14)o

,AsSuminéngaostrophic wind,fthe mean vorticity
within the grid is given bys- R ‘ S '
1 (B P 4P 4P b
B5r (4 BT )
~Where Py, P, etes are the pressure at 4, B, .
etcsy, b= A0 (200 n.miles), p = density, f is
Coriolis parameter,'.'v x
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Figure 1. Vorticity Grid.

Anomogram was prepared to assist in the rapid evaluation
of vorticity for given values of the bracketed factor and
f. Although objections may be found to the use of the
geostrophere assumption under these cirecumstances, tima
was not aVallable for the use of sny desirable alternatlve
me thod.

: Cases of cyclogenesis were selected, delvberately
omwttlng cases of summer tropical cyclonesy whwch it is
hoped will be made the subject of a separate study, with a
view to following the vortex for.as.-long as possible within
the surface and upper reporting network. Yhile the net-
works are far from sufficient for such an investigation, it
was believed that by careful use of the aVallable data some
useful conclusions might be reached.

= The grid was used to obtain the p051t10n and

intensity of the maximum of vorticity within a selected area
on surface charts at twelve hour intervals (0900 and -2000 -
hours E.S.T.) and the progress of this maximum plotted.-
chlogene31s was defined to have occurred when the value of
the maximum increased In the twelve hour interval, and -
cyclolysis when it decreased. - The location of the
cyclogenesis or cyclolysis was taken as mldway between ‘the.
two positions.
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The 300 mbh, cherts ware *then orengred, for time
1400 %,8,M,, contours heing cﬂaoad 2t 100 gon 1t intervels,
The grids Aeviced bhv Q3wval" gnd Tguthewwgn (19'1'1 D ’f”)
enable relative vorticity end vorflov"y advection to be
eveluated, on the ssecumntion of geostronhic wind (Fig.2.).
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Flgure 2, Vorticity Advection Grid

. Tt con he shown thet- r°13+1v9 VOPLWC]TJ adv@ct-
ion ic plvcn by fhe oxur@=°1on°

.?g ( W -H +H ~-H +H i }Q - -
B c"*“ D ‘H.B'g. ,(HX-HV).

vhare g e grav1tyh~““‘ =ARI=AID. ntco 5 H etCQ, are-
g.n. height of the 30" mb. surfece at’ A, Bpetc.,, and the
evaTuation'is for point 0 when the grid is . lsid on the chart
" so that BB 0 DD' is. tangentisl to the contour at 0. . The
grid scale b=180 nautical miles was used, and nomogrsms

nrepgred to obhtain velues of sbsolute worticity snd relative
vorticity sdvedtion. . A g¥id scale b=110 ne miles was. used
in earlier work,. but. f’vc wes rejected in favour of th~r ..
larger scésle in nrder “to reduce the. rnlaflve magnltude of -
deviations. due to anslysis error. .-
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A day by dav deccrlntion of the behaviour of the
vortices studies and some illustrative charts, are to be
found in the spnendix at the end of this article.. - . It was
found no&eible to divide the Iife history of the. surface
vorficeq examined into the following stages‘ -

(1) Birth of the’ vortex.‘ _ e
Vortlceq begen GO0 develon to the left of the s
300 mb, jet axis, which in three casés was almost straight’ .
and zonally oriented, and in two cases (at latitude 130 o
and 14 S resuective1y) was markedly curved.
” In four of the five cases there was’ some ground
- for believing in the existerice of.a diffuse quasi- stationary
surface front lying varallel to the jet axils and passing
through the incivient vortex, similsr to the model proposed
_ by Vedermen (19‘4) for the vnolar. front ahd jet stream.‘

TP Although legitimate . doubts maj be based on the

grounds of inadequate data, certain other features of the
upper flow. were deduced in the area of the. in01p1ent yortex s
The 300 mbes charts were constructed from all avallable data by
-the author, snd to reduce bias: were drawn without reference
n,to the qurface charts° C

“n_,'In all cases there was°

;ﬁ“;i:~:.;‘(a) - small Dositive vorticlty advect10n.<
Ty (b))  erticyclonic .shear. -
 (e) ;confTuence (see B1erknes 1953)- o
- (d) - sm31l ebsolute vorticity which may on at
o leaqt one occaeion have been negatlve.

nlIn 4 éut of & cases there was a suggestlon of anti-
‘cVClonic curvature. , 5

o ' In additlon to the five cases’ of the birth of

' "Drimary" vortices, although the surface data were by no
means always sufficient to determine a unique. ana1y51s, one
received the imnression that, In the mature stage of. develop-.
ment "secondary' vortices sometimes formed in rather close
proximity to an existing one, snd usurped its role, in o
vosition mo¥e directly bﬁnea@h the area’ of maximum vort1c1ty
advection aloft, T

(2) ,W9r1y life of “the vortﬂx. . -

: - Parallel with Vederman s claSQiflcatlon of polar
front cyclones in relation to the Dolar J”t, we may dlstlngulsh
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8 _young from s meture vortex, devending on whether it lies
16 the left or to the right of the 300 mb, jet axis, In
81l cases studied, this transformation occurred sfter two
to four days from birth., - The movement during the immature
stage wag, found. t6. be, rather..reguler, «corresvonding to
V@defmanISnﬁidnt§l¢Wayeqw:wA;S&atist%cal englysis dvf the:
Qé,hqgrﬁdisﬁtgpﬁmentsqéfqﬁhenvorticesJinwrelationAto tha
300 mbi stream is-hardly warrantsd. by the smsll number of -
observetiond, but it me¥. be.noted that in'the vector mean
of* 11 casesy the young surface vortices moved 2t 25% of the
300 mbs wind above them, and atf. an angle of 200 towsrds the
right. mhis 1s infair olUsntitative agreement with Priestley's
(1947) theory, for s small.perturbation in s .barodinic -
current, . . ..o L T TN
" Fronts:. . The.iimeture. surface vortices were
eastward moving "waves in the easterlies" to the
north of the.high pressure belt in three cases
- of five, the -other two.following o course towdrds:the
~.south"to. southeast,  -~It:is clear thst if wo closed:
v~ clreulation existed in the"trough,rthere'couldwnotjf
, -be..eastward -méving surface fronts in it cnInsfacty
a cbherent cold frontal system connected with the
~yortex was found only after -the.ledse of ¢onsider-
~ wable.time- from its birth, of the:order. of one:foi=-
“p"faur,days.-=~In,someacases;the;delay in noting the~:
<. Hresence of the . front may«havewbeen?paftly’due“to'ff
e lackof . suitable observetionsy but in all cases it =
~ Was avnparent that fo orgsnized:frontsl system wa's
present in the early stages, A warm front was
noted on only one oceasion., It -becehe. apnarent
at the seme time as the cold front, but was mere
diffusey.snd could not be located wwith certainty.
It may be stetead, theny that: although the’ diffuse
- stationary firontiel zone moy nley some. rdke in
: ,initiatiﬁg:develgnmﬁnt,,féﬁfmhe~r@950ns;éiven by
;- ~Pettersen (1955), esnecially.when it intersects a
- coestline, the surface fronts finally found
.aSsoClated with. the vortex areé a.result: of the
develonment. W e T T

. - . During the -immature stage of .the.vortex, the 300 mbg
vorticity ovef. it was found to .increase’ (table 1) while the -
streamlines aloft upstream from-it.took on increasing ¢
cu;_an"tur'e‘. "EZ"'" N S N R T R EE

g§3)fhmheq@éfﬁhgfvdfteiw y7»""‘ A o
 Having been dishlaced to the right sidé of the' Jot "
axis, the surfsce vortex was now centred below an area of high .
vorf{éity aloft: 'as well ss-cyclonic shear, there was also

cyclonic curvature. In each case a closed uvper low anneared
R T T L R BRI
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to 1lie comewhat %o the west of the surface vortex at this
stage, but this wes not slwaye verifiable. The movement of
the strfsce vortex beceme slower and less regular, end
clossly linked to that of .the.uover low, .. .Little or no:
conngction in this nhasewof the . develosment could - be found
between movcm@nt of the surface vortex.and the 300 mb. wind
above 1ty which is in ccoordance w1th the . steering .

nrlncinlp as. @nunCWﬂtod for examnle, by Sch@rhag (1948),

“In each cssr the curfacs vortox reached a .
maximum of 1ntonQ1-/ within s few hours of crossing the get
axls, but in one case extremely ropid regeneration occurred.
three days sfterwards, The sane feature ‘wzs found st
300 mbs | vorticity above the surface wvortex reached a
ma ximum aoproximetoly when the latter crosscd. the jet. axis,
©and docayed slowly. thorﬂaftor, anart from th@ cagse. of .-
‘ regeneratlon already notede. - ... L e e

I the mature stag“ the surfaco fronts t-nded to

move Tasteér than the _vortex, to circulate around it, and:-
vnntually to diSSOIV(9 or.bécome a_wind shift: with. 11ttle
temperature contraSu, " .Inone: case a "secondary'! cold--
front’ aopeared ‘but auff@red the .same eventual-fate-as the
"Drimary" As ‘has. been neted- previously .(e.gs Clarke.-

1954 .a) 2. conv1n01ng warm: front can rerely be found. . In
one-“o6f the cases, studied- there were:vossibly. faint signs: of
an occludod ‘gystem, in the mature stage,... However,:the -~
gold’ front In the¢ irnef reagches.of. the- mature voréex béhaved
:like ‘an occ1u31on i 2ll. cases, with' genersl jprefrortal: raln;

Y in ‘edvenced situetions, éven Iike s warm occ1u51on w1th

surfece femneratur@s rlslna qllghtly qfter the 1rontal

~*?$xnassago.-wm»~w~

ey

*ﬁfﬁ””ﬁ'” ’(4Y‘ Th@-ﬂ@cayﬁnv'vortex.
- %ome dlvorclty 1n bohav1our was noted 1n thls e
last qtage but. one gained the.-strong: impression that the -
rate of decay of the, matlre” vortex Wwas clpsely: bound up with
upper air develoomonus alsethre°, the. enpearance of an =it
.energetic: 300 mb, trough 1200- 1800. nautlcal miles to- the west
of an unmner low r@sultod in ebch case in 1ts rapld decay

T This isg bcllovod to mxnmnllfy the nrocess found: by
“investigators in the United States (Unlvors1ty of "Chicagé- 1947,
" Créssman’ 1949 Yeh™ 1949) whereby the injection of cyclonic
relative vort1c1ty at e cortaln longitude..into g basic zonsl
current has effects travelling downstream more rapidly than
the current itself, producing a ridge-trough.pattern -of wave-"
lergth given by th@ Roqsby formuls for stationary Waves.
Since this wavelength in. ‘the Australian.area is.-normelly of
the ordeér of 3000 miles, '8 trough (on an upper chart) Lying
thisdistance downstream from en .energetic. new -development
will be ‘intensified by the dispersion of energy downstream
from it while an upper



trough” or devréssion 1ying about 1500 miles east of the new .
dev=lovment will fpll within its area-of’anticyclogenesis,
and tend to be destroyed.. The. develooment in one case of an
energetic upper trough, with associated jet: stream, to the :-
south of an unver and surface low resulted in the absorption
of' the vortex, as it wers, into the circulstion round the
trough, . S , ' : . S

Cyclogéhésisﬂgnd Cbéstlineé.

“.- . The work.of Petterssen (1950,-1955) - suggests thet:
cyclogenesis might. be exvected under.at least some conditions
to” be favoured by tli= vresence of a,eoastline, " In his 195%
exoression for develooment, horizontal spatial derivatives of
tempefature advecCtion,. ron .ediabatic heating and vertical
stability, are all likely to have maximum values iin the . - -
vicinity of coestlines and frontal"zones,~andwespeciallyrat -
the intersection of. both, . That cyclogenesis. frequently- . -
occurs in such. circumsfiances. in the Austrelesian areg - ig g -~
well-'nown fact, and the imvortenée of @ .cogstline in+.. :
cyclo,enesis“haé”be@n?statistically confirmed. by Kerelsky :
(19%74) . ”Inﬁthemnﬁesent“inveatigation; it.seems significant .
thet of the 70 cesas of 12 hour cyclogenesis studied, the. - |
ﬁhn@g szt‘1nt9nse)occurred'within-100\m119§ ofiithe coasts -
end;allpoﬁjﬁﬁejfhreeHCases‘in”Which e surface vortex crossed: -
the*coasﬁfliﬁsg(f;bm;landltqis«é) evinced .increasing vorticity,

Cyclogenesis end simultadncous rste of vorticity advection aloft.

: Because of the uncerfadinties dnherant:in determining
both of theasSe quentities with the networts aveilable, no close
connection was &xvected, . A celeulation of coefficient of
cofrelation, hoWever, for the. 32 cases of the 35 when it was
felt. thet the tvper field of flow could: be sufficiently well
estimated, yielded the figure of. «75, which easily pasced - .
Student'sat.—,teétﬁéﬁ.theuo.1%.leyel (Moronsy 1950), assuming,
of course, normel. distributionss. S

. If vortig%ty advection et 300 mhe, is represented by
X in unitg ngSec‘a.x.10*1O and:cyeclogenesis by Ys in units of
sec~-1.x 10=5 per 12 hours, the regression of y on x.was given by

with a'sténdardferrqﬁ.ﬁf‘the estimote of 3,9, _
Oné may'dedu§e.from this,:if'generéliZation is

justified, that, given .2 detarmination of vorticity edvection
2, above 2 surface vorte s the latter will-be:undmrgoing






