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FOREWORD,

The importance of a consideration of upper
air patterns in their relation to heavy rainfalls
- and cyclonic developments in Australia does pot
appear to be fully realised, This applies not
only to forecasting but also to hydrometeorological
studies where there is sometimes a tendency to
discuss aspects related to the transposition of
storms mainly in terms of the surface synoptic
situation., A more realistic and accurate analysis
of heavy downpours may sometimes be possible by
taking into consideration the mechanism of upper
trough developments and "cut off" lows,

The revision of this paper was undertaken
late in 1955 because the significance of the
original paper was repeatedly coming under notice,
The most recent example has been the association of
the bad weather of the Christmas holiday perilod
over south eastern Australia with a persistent upper
low over this region,

, (L. J. Dwyer)
Director of Meteorology.
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Abstract - The drawing of 500 millibar
constant pressure charts over Australia
since the beginning of 1949 has enlarged
our view of weather processes in the lower
half of the atmosphere and has revealed
some features of importance for weather
forecasting. In the introduction some
theoretical aspects of the interpretation
of upper air contour patterns are briefly
outlined. Types of contour pattern ass-
ciated with widespread or heavy rains in
the Australian region are described with
examples. The early recognition of part-
icular types of upper flow pattern 1s
important in the identification of the
early stages of development, not only of
extensive rains with which floods are
sometimes associated, but also of east
coast cyclones south of the Tropic.

1. INTRODUCTION

The flow as revealed on 500 mb hemispheric charts
mmay be regarded as zonal (west wind) flow on which is
superimposed a wave pattern to give the troughs and ridges
bf the "waves in the westerlies' which in general move from
west to east. -It is now well known that above, on the

verage, about 600 mbs regions of divergence are found, in
general, to the east of the upper troughs - between the
trough and the preceding ridge - and regions of convergence
" to the west of the upper trough - between the trough and the
following ridge. The divergence east.of the upper trough
is usually associated with falllng pressure and low level
convergence and thus with ascending motion and the likelihood
of rain. : ‘ ' .

Upper divergence is in general present on the
eastern.side of an upper "cut off" low which develops at the
tip of an upper trough when anticyclogenesls further south
' cuts off a "cold pool" from the cold alr in the south.

This anticyclogenesis usually results from cyclogenesls in
a trough upstream by the mechanlsm of energy dispersion as
described by Rossby (1945) and Yeh (1949). As with troughs
this upper divergence is associatéd with low level conver-
gence, ascending motion and probably rain. McRae (unpub-
Tished) - has illustrated the application of this theory in a
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detailed study of the development of upper troughs and
"eut offv 1ows over Bastern Australia.

The examples described below of contour patterns
associated with widespread rain confirm the rule that rain
occurs beneath the reglon east of an upper trough or low. ,
This rule is by no means new in Australia and elsewherej for
example Quayle (1915) established that northerly cirrus move-
ment was a reliable portent of good inland rains. - '

2. CLASSIFICATION OF UPPER CONTOUR'PATTERNS ASSOCIATED
WITH WIDESPREAD RAINS -

- 500 mb charts for Australia drawn daily in the
Central Analysis Section of the Central Office, Bureau of
Meteorology, Melbourne covering a period of 35 years from |
their commencement in January 1949 have been examined and the
‘contour patterns associated with widespread rains have been
classified broadly 1nto the following types:- :

1. Troughs. Cases are included in which the wind
change through the trough is sharp and others in which the
change is more gradual. An example of the first is given
in map series No. 4 - 29th March 1950 and of the second in
series No. 2 - 4th~5th June 1950, On occasions troughs
extend from the Southern Ocean to the far north of Australia
as on 25th and- 27th May 1950 (No. 5).

2. Cut Off Lows developing over the region or to the
westward and shown by closed contour lines with a cyclonic
circulation (30th March 1950 - No. 4). Rain is associated
with the divergent northerly stream ahead of the centre.

On occasions the formation of the cut off low appears to
c01ncide with the time of the heavy rain.

3. Cut Off Lows alr_ggx exlgtigg, usually to the west-
ward of the reglon(lst -5th April 1950 - No. 1) but sometimes
passing over the region (13th-16th June 1952 - No. 7).

A distinction is made between the cut off low
described in 2 and upper cyclones which develop above a
tropical cyclone: (l?th—14th December 1950 - No. 6).

4. Deep upper lows usually centred over the Southern
Ocean (28th May 1950 - No. 5). Some deep upper lows have
well marked troughs associated with them with a north to
north-west ailr stream ahead (25th May 1950 - No. 5).
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An important feature of the deep upper lows (last
two examples) is the stage of development - whether deepening
_or weakening. The deepening of an upper low and its exten-
sion in area is usually indicative of a cooling process
taking place through the atmosphere over a wide region and
this is favourable for precipltation when sufficient moisture
is present in the air mass.

5. In a few cases there is no very definite feature on

~ the 500 mb chart which appears to be significant for rain.
Lases include a broad westerly stream over central Australia
with sometimes an anticyclone at ground level or a south
westerly stream aloft overrunning a isurface trough sugg resting
dinstability due to cold air overrunning warm moist surface '
,airo .

These types are illustrated by map quuences, the

main features of which will be discussed in detail. The

equences are selected from approximately 120 cases which
ave been listed. -

A frequency table of types accordﬂng to the above
classification summarises major occurrences in the period
January 1949 to June 1952 - :

Iype Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Year

1 - 7 1 2 2 2 3 = 2 1 1 3 24
2 3 3 3 2 2 4 3 1 1 2 4 - 08
3 1 2 3 1 - 4 1 - = 1 - 1 14
4 2 3 2 4 9 5 7 4 6 5 4 3 54
5 1 1 - 1 1 - - 1 - - 1 1 7

3. DISCUSSION OF THE MAP SEQUENCES

The sets of maps (Flgs. 1-7) are arranged so that
the 500 mb charts placed above the. surface charts form pairs
for :corresponding dates. Rainfall maps.are included in the
sets showing areas-'in which rain has fallen in the 24 hours .
ended 9 a.m. (where a Sunday intervenes the map is marked
"48 hours"). - Areas of heavy rain (over one inch) are shown
by heavy shading. . The maps’ are. based on telegranhlc reportg.
. two sets of maps are included at the end of the
series (Fig 8) to illustrate patterns which are more
commonly found in a dry period.- , .
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2. 5th-6th JUNE 1950 UPPER TROUGH WITH RAIN IN CENTRAL AUSTRALIA
"CUT OFF" LOW DEVELOPING

RAINFALL
5-6-50
3 [48 HOURS]

500 MB CONTOURS

_Qm‘ar 4-6-50
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4 29th-30th MARCH 1950 CUT OFF LOW DEVELOPING OVER EASTERN AUSTRALIA
HEAVY RAINS IN NEW SOUTH WALES

RAINFALL

500 MB CONTOURS

SURFACE ISOBARS
1008

27-3-50
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