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Abstract: Exemination of simultaneous radio-

- soundings at Perth -and Kalgoorlie, when a
"meridional front" lies between the stations,
.shows .that half the disturbances are non-
frontal in nature, A sub-division of "frontal"
and “non-frontal" cases is made, and some ‘
‘considerations en the-structure of each type are
advanced,: A-study of the associated weather
and upper wind -observations, and of the synoptic
situation;. also-shows seme important differences
‘between the- types, although it is difficult to
‘distinguish between them on surface weather
observations aloney

To. INTRODUCTION

Sincéptne-inception-cf4methods~of frontal analysis
in the Australian region, there has been much controversy as
to the. nature of the disturbance linked with the trough-line
‘between two migratory:anticyclones. Following Palmer
(1942). it has been generally held that the trough line, at
least south of the col between the .anticyclones, is :
associated with .a disturbanece of the cold~front type, termed
the "meridional front". This still serves as the basic
model for analysis in the region,

When the disturbance is- examined in detail, the
concept of a simple meridional front appears-inadequate,
particularly since on-many occasions-a double structure of
the disturbance has been recognised, Several different
models-have been propeosed to conform with its structure and
behaviour. Palmer suggested that when it approaches and
traverses West Australia, the disturbance usually has many
of the characteristics of a cold front occlusion. Clarke
(1954) expressed the view that many meridional fronts are
"ogeclusions", which term he defines as referring to cold



fronts that have degenerated in’ a frontolytic fleld, the
greater part of the typical cold front phenomena thus
becoming obscured, Earlier Cassidy (1945) suggested that
the warm front occlusion was an acceptable model for the o
‘disturbance until it reached the Tasman sea. :

Dissatlsfaction has been expressed w1th the
frontal model ae such, for example by Hutchings (1945)
and by Gibbs, Gotley and Martin (1952). The latter
authors came to regard some of the abrupt changes
- experienced between the migratory high-pressure cells as
non-frontal, ° They state that significant weather is on
occasion associated with non-frontal wind-shifts occurring
. ahead of the polar front, These wind-shifts are thought
- to be'similar to those of the polar trough' model
described by. Riehl (1945), , _

Protagonists of the frontal sehool, on the other
hand, maintain that the available synoptic evidence is in-
sufficient to decide the issue and that the frontal model
ought to be abandoned unless there .is clear—cut evidence to
the contrary, : :

The present - study is an endeavour to resolve these
differences, to determine the occurrence and relative
frequencies of frontal and non-frontal disturbances from
aerological soundings, and to relate the synoptie 81tustion :
and weather associated with the disturbances to a
classification based on the upper air data.

: : _Owing to the relatlvelJ sParse network of "adie-'
'sonde stations in Australis it is not possible to draw
'atmospheric cross—-sections in sufficient detail for =2
examination of frontsl.structure, A fairly adeguste
amount of information can be obtained from an examiration
of soundings in the dold and warm air using two stotions
" not) too far apart, The sggtlons most suited tOOUhCh a
study are Perth (32°5, 116°E) and Kalgoorlie (31°S, 121%8),
some three hundred miles apart and in ne:rly the same
latitude, The line Jjoining these stations is approaimzte-
,ly ‘at right angles to the usual orientation of the fronts
in the region. There are no other camparsble pairs of
stations having a sufficient length of record.. = Unfortunsie--
ly this limits the study somewhat, but the regiqn is one of
. great meteorological interest, and the results should have a



3
fairly general application, - ’ _ ' .

The investigation was restricted to the cold seasgon,
since in this region the effects of differential heating
during the summer, notably the coastal front, would make the
results unrepresentative, The months May to September for
the years 1950 $0.-1954 have been examined, The surface
synoptic- analyses of the Central Analysis Sectlon of the
Commonwealth Bureau of Meteorology were used as the basis for
selecting cases. The criteria for selection were:

(1) the analysis showed a cold front, between Perth
and Kalgoorlie at the time of the radlosoundlngsg

(ii) the front ran approximately normal to the line
Joining the stations,

(1ii) simultaneous soundings to at least four hundred
: millibars were evailable,

The soundlngs were supplemented by the prefrontal
sounding at Perth and the postfrontal sounding at Kalgoorlie,
provided these were not affected by the passage of some other
front or disturbance,

Evidence for frontal passages was sought in the
occurrence (at Perth) of inversions or marked stable layers
which might indicate a frontel zone, and in the difference
in temperature, mixing ratio and pseudo-equivalent potential
temperature (Rossby 1932) between the stations, The
‘synoptic situation and further developments on the fronts-
were noted from the charts, and the weather associated with
the fronts’was -taken from the synoptic reports, On one or
two oeccasions when analyses appeared inconsistent the case
was reanalysed,

‘ Allowance was made for difference in site between
Perth and Kalgoorlie, the former being a coastal station and
the latter inlend on an elevated plateau, The differences
are -generally quite small in the months studied, as indicated
in Table I, which gives mean values of temperature and mixing
ratio differences for the years 1951 to 1953,
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Table 1

Mean differences Kalgoorlle - Perth

Kalgoorlie temp, - Perth temp. (T) . o

Kalgoorlie mixing ratio - Perth mixing ratio (x)

Average

900 mb T?e Lo 0,7 o,6*e'.1,5~“~;3.2*" v1,u=-*~~f~“w
'x g =l9  =0i8 =0.7 =0,9 0,6  =-1,0
850 mb T 0.5 0.5 0,3 L1 25 0.9
x -0.3 =0 Lt “I-Qeil_'-dsﬁ A.ebgl 0.k
800mb T 01 Ok 0,6 0.5 L3 ° 0.7
o x 40.5 - -0:6 =0.3 =0.2 ]+0'3 -0.3

700mb T 0,2 . 0.8. . O.h  =0:1. _0.,8 O

3. RESULTS FROM RADIOSOUNDINGS

Frontal inversions of the clas31ca1 Baerknes type
are rarely known to occur in Australia (see e.g;rRadok 1952,
Pe90),: - The relative humidity usually Geereases with height
through inversions observed after the’ -passage of cold fronte,
This may be due- -either to subs1dence in the cold air or to
the fact that the warm air is frequent y of tropical
continental or"gin°

: In all, fifty-seven cases have been. examlned and ‘
of these twelve -cases - showed-the- claesical type of . inversion.
Among the. others the subsidence type of inversion is .
predominant, althodgh on occasione- there-was no dinversion
but merely a layer with small lapse: rate. As tke
subsidence or convectional type of inversion is very
frequently observed in these latitudes outside the regions
affected by disturbances, additional criteria have to be
used in determ;ning whether a cold frant has passed. The.
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FIGS.1(A) - 1(D). EXAMPLES OF RADIOSOUNDINGS FOR EACH TYPE OF DISTURBANCE:

1(A) TYPE A, 22 MAY 1954: 1(B) TYPE B, 14 MAY 1952: 1(C) TYPE C, 13 JUNE 1953:
t(D) TYPE D, 6 JUNE 1952. SOUNDINGS PLOTTED ON SKEW T - LOG D DIAGRAMS. CONTINUOUS
LINE, PERTH SOUNDING, TEMPERATURE AND DEW-POINT: BROKEN LINE, KALGOORLIE SOUNDING,

TEMPERATURE AND DEW-POINT.
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criteria used are differences, as between the two stations,
in temperature, mixing ratio and pseudo-equivalent potential
‘temperature, the last hereafter referred to as Oges The use
of any of these is of course somewhat ambiguousy the first
two being affected by precipitation and -evaporation from
falling rain. The-tsefulness of Oge differences is some-
what limited because- fronts in the region frequently

' separate-tropical~continenta1aairwwith high temperature and

. low moisture content from maritime air with low temperature
and high ‘moisture contents Thus on occasions the air
masses may have -approximately  the same Oge values. In
spite of these difficultiesy -however, it is as a rule
possible to classify the disturbaneces-with some certainty as
frontal or non=frontaly apart from a very -few doubtful cases,
The: term *frontal?-in this calssification does not

. necessarily imply-a-marked hyperbaroclinie zones though this
is usually presenty but applies also to those cases where . the
0 e;differences~indiea%eﬂm&rked‘differences-in the recent
history'of'thémair on opposite sides-of the disturbance,

It was also possible to subdivide both frontal and non-=
frontal cases into-two classes, 80 that altogether four
types- of disturbance are.found, designated by types A, By, Cy
and D, '

Of the -frontal types of disturbance, in type A the
frontal zone is-indicated by a weak inversion or stable
layer; both-relative humidity and mixing -ratio remain un-
changed or inerease-with height through the transition lajyer,
‘and remain high for some distance above it, In type B there
is usuelly a strong inversion (after frontal passage), both
relative humidity and mixing ratio deereasing through it,
often very rapidly. - As regards the difference in the
elements between the stations, this is marked in both types,
" and is usuelly most notieeable: in temperature,

The distinction between the-two types lies mainly
'in the behaviour of the-subsidence inversion. Namias -(193L)
has shown that with the aid of the potential temperature at
base and topﬁ~subsi&ence,inyersions4may'be~traeed over wide
. regions and for considerable lengths of time, The non=
frontal cases have thus te be classified .into types C with
subsidence inversion persisting after the passage of the
disturbasnee with but 1little change; and type D with either
no inversion after passage; or an inversion appearing at a
significantly different level, Some- of the type D eases
show cooling aloft with but little change of temperature at
the surface and in the lower layerss The cooling aloft is
~ attributed on some occasions to the disruption of the
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inversion by convection from'below, on others to the advent
of an upper cold trough.

Altogether seven cases of type A, nineteen of -
type B, thirteen of type C _and thirteen of type D were
found, Two cases not classified appear to be connected
with warm fronts or warm front type occlusions, two with
upper cold pools or troughs with considerable low-level cool-
ing, and one with the disturbance very close to Perth,
showed a superdiabatic layer with isothermal gbove, all
below 950 mb, which may be either a frontal passage or an
instrumental error.

Examples of soundings for each type at Perth,
together with the soundings ahead at Kalgoorlie, are
reproduced‘in figures l(n§ to 1(d)., A very clear example
of a type C disturbance can be found in the Cloncurry
soundings for June 26 and June 27, 1945, reproduced in a
" paper by Gibbs (1945). .

The cases studied are listed in Appendix 1,
together with details of the significant inversion or stable
layer (at Perth, behind the disturbance) and the difference
in properties at 900 millibars between the two stations,

For types C and D the pressure for the inversion is also
given for Kalgoorlie, The absolute values of the diiferences
in potential temperature, between the stations, a2t the base
and top of the inversion are also listed., Two frontai

cases, where the front is very close to Perth, and the

frontal surface is very shallow, being below 950 mb, =re not
listed in this appendix, although used in table 3,

It is seen that the data give a general indicciion
of the basis for the classification, The frontal types are
characterised by 1arge or moderately large differences
between the stations in the 900 nb temperature, (In the
original classification all levels between the 5urface and
inversion base at both stations were considered}, In some
cases the classification was doubtful on the basis of
inversion properties at Perth and the difference in :
temperature, Recourse had then to be made to the iy mass
contrast indicated by the Oge differences (e.gs. A, dune 1,
1953; B, June 19, 1954; B, June 20, 19514)° On the other
hand; the disturbances passing on August 16, 1952, ani
August 31, 1952, have been classified as non-frontal (Lype
D), although there is a large temperature difference, The
values of Oge are, however,. spproximately equal at the two
stations; furthermore, examination of the Perth sounding
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on thé previous day shows that the large temperature
di fference -was established then in these two cases,

The distinction between the frontal and non-frontal
types is more clearly brought out in the mean values of
differences between Perth and Kalgoorlie at the 900 mb level,
These are listed, for temperature and mixing ratio, together
with their standard deviations, in Table 2,

Table 2

Mean differences Kalgoorlie - Perth at 900 nb
for eases in Appendix I

Type _ No, of cases TG S.D,  x gm/kg S, D,
A 7 6,8 3.8 =1.9 3,2
B 17 6,0 2,6 ~1,3 2,
c 13 1.6 1o =0, 8 1,0
D

11‘ . . loLI' . .1.‘0.5_ “’007 . 102

# Excluding 16,viii 52 and 3l.viii 52,

It will be recalled (see-Table 1) that the mean
differences at 900 mb between Perth andOKalgeerlie for all
days (May to September 1951-53) are 1l,4°C and =1,0 gm/kg
respectively, The -differences, particularly in temperature,
for types € and D are nearly equal to the mean for all daysy
which practically riles out frontal contrasts,

Another difference between the frontal and non-=
frontal types is shown in the fact that although the
average height of the base of the inversion is very much the
same in either class (8160 and 8300 feet respectively) the
gscatter of the heights in the frontal cases is considerably
larger than in the non-frontal cases, the standard deviation
of the mean being 780 feet as against 365 feet in the non-
frontal cases, As the soundings were made at arbitrary
times after passage of the disturbanee, this behaviour is
consistent in types A and B with a sloping frontal surface,







