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OF GMS IMAGERY OVER EXTRATROPICAL AUSTRALIA
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ABSTRACT

A major weather-producing event in September 1978 over
southeastern Australia is studied with an emphasis on the
use of imagery from the Japanese Geostationary Meteoro-
logical Satellite., The synoptic scale is examined using
imagery at 12-hourly intervals, and the results suggest
that the-GMS.data. base could: be used to establish useful
variations of the interpretation models pioneered Dby
Guymer (1969, 1978). On the mesoscale, a thunderstorm
complex is examined using 'special! once-hourly GMS ima-
gery, and the general problems of interrelating radar
imagery, satellite imagery and rainfall rates are addres-
sed. A potentially useful 'cloud top temperature-rain-
fall rate' relationship is established for convective
cloud in a southwesterly stream over Victoria. The
hourly GMS imagery highlights the utility of such data
for short term warning of damage associated with deep
convection, particularly thunderstorms.

INTRODUCTION

A major synoptic scale event in September 1978 over southeastern Australia

is examined utilising imagery from the Japanese Geostationary Meteorological
Satellite (GMS) supported by the conventional data base. The main objectives
of the study are (a) to demonstrate the advantages of temporally frequent
imagery, particularly in a thunderstorm-severe weather. situation, and (b)

to establish those situations where quantitative information from the infrared
(IR) imagery could be usefully related to rainfall events detected by radar
and the conventional rain gauge network. During the period of the exercise
the Japan Meteorological Agency (JMA) provided a number of special GMS observ-
ations at one-hourly intervals, supplementary aircraft inflight reports
(AIREPS) were requested from aircraft, and a number of additional radiosondes
were released from selected Bureau field stations. Tihe RC 33 radar at the
University of Melbourne and the WF 44 radar at Laverton were also operative

at selected intervals during the experiment (for details refer Fig. 1(a) and
Table 1).

* Australian Numerical Meteorology Research Centre, Melbourne

llead Office, sureau of Meteorology, Melbourne
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Wiile the main results of the exercise are examined under the headings
of 'Mesoscale Analysis' and 'Cloud Parameters and Rainfall Analysis', a
section on broadscale analysis is also included. The latter section provides
a synoptic scale framework for the mesoscale events and is also relevant to
the long-standing reliance on the interpretation of satellite imagery for
synoptic scale analysis in the Australian region. Tne mesoscale analysis
section examines the evolution of a thunderstorm complex in the Broken Hill-
Mildura area, as revealed by the special hourly observations from the GMS.
The problems of interrelating radar, satellite imagery and rainfall rates
in situations of convective and non-convective precipitation are treated in
the section on cloud parameters and rainfall analysis.

BROADSCALE ANALYSIS

The mean sea level (MSL) pressure charts for the period 23 to 28 September
are shown in Fig. 1(b). Tiae main synoptic scale feature of interest is the
cut-off low which formed off Western Australia and moved east-southeast,
ultimately affecting all of the eastern states. Associated with the cut-off
low there were a number of significant cloud bands, the most dominant being

a band bowing out to the east-northeast of the centre of the cut-off low and
.then reverting to a northwest-southeast orientation over central Australia
(details appear in a following sub-section). Before examining the evolution-
ary and mesoscale details of such features it is useful to first identify
some of the macroscale features revealed in selected time-averaged fields.

Figure 2 shows 5-day means, centred on 26 0000 GMT, of the infrared (IR)
temperature distribution and of the 500 mb geopotential height field, he
banded structure of the IR isotherm field through central Australia, New
South Wales and Victoria highlights the influence of the major cloud that
dominated the period of interest. Tae band is aligned ahead of the major
long wave cold trough and extends into the downstream ridge. Fig. 3 shows
3-day means of the IR temperature distribution and the MSL pressure field.
The main cloud band features are again evident and in particular the cut-off
low is highlighted in the vicinity of the Eyre Peninsula. Interestingly the
centre of the tropospheric 'cold pool' that attends the cut-off low is ident-
ified by a relatively 'warm core' in the infrared imagery. In time averaging
the IR data it is recognised that a relatively warm area can result from a
true preponderance of lower clouds or might simply reflect a relatively more
transient occurrence of higher clouds. However, given that this same feature
is recognisable in individual images, it would appear for the most part not
to be an artefact of the averaging process.

Figure 4 shows liovmGller diagrams for 3593 of:

(a) 5-day mean values of the 500 mb geopotential height field (less
500 decametres) (this field is interpreted as representing the
'long-wave' structure);

(b) aepartures (decametres) of the daily 500 mb heights from the 5-day
mean values (interpreted as the 'short-wave' field).
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Fig. 1(b)

Mean sea level pressure (mb) at 0000 GMT 23-28 September 1978.
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Fig. 4 Hovmbller diagrams at 35°S:

(a) 5-day mean geopotential height (decametres less 500) of the 500 mb surface;

{(b) daily geopotential height values less the 5—day mean values (decametres).
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Two main features are revealed. First, the eastward trace speeds of
the long-wave features are very small prior to 27 Ceptember (typically less
than 10 kn). Short-wave features show similarly low speeds (10 to 20 kn).
Second, on the 22nd the long-wave pattern is relatively featureless apart,
from a weak trough near 70 to 80°E. . However, several short-wave features
are prominent (ridges 60 to,80°E and 130 to 140°E; troughs 90 to 100°E and
.20 to 120°E). The long-wave pattern then shows steady amplification and
slow movement up until the 26th-27th, when faster movement can be noted.
During this same period the short-wave field undergoes considerable changes.
The short-wave ridge 60 to 80°E on the 22nd is rapidly replaced by a trough
in that area with apparent retrogression. At the same time the trough-ridge
systems in the vicinity of 120 to 150k progressed eastward. As the long-
wave trough begins to amplify near 130°E on the 25th, the short-wave feature
temporarily declines.O However, on the 28th both short and long-wave features
are dominant near 135 E (trough) and 105°E (ridge). Following the 27th a
short-wave trough develops near 80°E and a generally progressive pattern is
established at all longitudes. Many of these features will be further identi-
fied in the following 12-hourly synoptic sequence. -

Tie twelve-hourly synoptic sequence

Figures 5(a) to 5(e) show the MSL pressure field at the 1000-500 mb thick-

ness field, superimposed on the satellite imagery at 12-hourly intervals from
25 0000 GMT to 27 0000 GMT. Some significant weather areas (i.e. as reported
vy the synoptic scale network) are. also indicated using conventional symbolism.
Comments on the temporal evolution of cloud features and the overlaid fields
appear on each of the figures.

Guymer (1978) has recently provided a valuable and comprehensive report
vn the techniques used to infer quantitative details of the fields of M5L
pressure and 1000-500 mb thickness, from satellite imagery. In the following
discussion some knowledge of-the material contained in that report will be
assumed,

Cloud features and the MSL pressure field

(a) Location of the MSL low pressure centre. As noted by Guymer (1978),
when details of the low cloud features are unobscured (e.g. on 25 September)
there is little difficulty in determining the location of the surface centre.
On occasions of partial obscurity (e.g. on the 26th), rules relating to spir-
alling of the 'occluded' sections of the frontal band give good results.

(b) Central pressure values of the low. From 25 to 27 September the low
would be designated type C»D according to the classification of Troup and
Streten (1972). The observed central pressure anomaly of 10 to 11 mb on the
25th would relegate it to a slightly weaker than average system according to
the range of variability indicated by Streten and Kellas (1973), (Table 1 of
Guymer 1978). On the 26th and 27th the anomalies reach values of 20 mb,
placing it in the 'strong' category of a D stage system. On the other hand
the marked broadening of the main cloud band over eastern Australia between
25 1200 and 26 0000 GMT (accompanied by only a moderate change in the central
pressure) highlights the potential difficulties of applying rules that use
the location of the leading edge as a determinant factor (Zillman and Price
1972). Other features of note are the extreme eastward displacement of the
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