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Some aspects of a northwestern
Australian cloudband

W. K. Downey*, T. Tsuchiyat, and A. J. Schreinert
(Manuscript received March 1981: revised June 1981)

Broadscale and regional-scale aspects of a northwest cloudband which brought
significant rainfall to central Australia are examined. The cloudband occurred
during the second Special Observing Period of the First GARP Global
Experiment and the analysis is significantly impacted by the availability of
TIROS-N data, Geostationary Meteorological Satellite imagery and GMS
cloud winds. The predominant mechanisms for the cloudband are identified and
the roles of baroclinicity and a cut-off cold pool are discussed. A notable feature
in the Alice Springs area is the role of precipitation from middle-level cloud in
the formation of low-level stratus.

Introduction

The importance of moisture influxes from the
tropical oceans to the northeast and northwest of
the Australian continent is a recurring theme in
the forecasting lore of Australian meteorologists.
With the advent of satellite imagery, and in
particular the Geostationary Meteorological
Satellite (GMS-1) imagery, this theme has been
considerably reinforced by the frequent
appearance in winter of extensive rain-bearing
cloudbands which appear to have their ‘roots’ to
the west and northwest of the Australian
continent and which have no immediate
connection with southern frontal systems. Such a
feature will hereafter be referred to as a northwest
cloudband (NC). Woodcock (personal
communication), in a preliminary survey of the
winters of 1970 through 1976, found an average
of one to two instances per month of such bands.
The present study examines an NC (Fig. 1)
which occurred during May (8 to 14) 1979 — the
second Special Observing Period (SOP-I) of the
First GARP Global Experiment (FGGE). The
analysis examines the synoptic and mesoscale
features and mechanisms associated with the
event. Two aspects of particular interest are the
development and movement of a ‘cold-pool’ over
Western Australia, and the role of precipitation
from middle-level clouds in the saturation of the
boundary layer in the Alice Springs area.

Broadscale analysis aspects

Before embarking on a detailed examination of
synoptic-scale features associated with this event
it is of some importance to establish the
significance of the associated rainfall, and to com-
ment briefly on the conventional and satellite data
bases available to study the event.

Rainfall

Figure 2 shows five-day rainfall totals (10 to 14
May) in the central and western rainfall districts.
In relation to typical autumnal and winter rainfalls
in the higher latitudes, the amounts shown here
may not seem very significant. However, a rainfall
amount of 20 mm in the interior regions (e.g.
around Alice Springs) is approaching 10 per cent
of the annual average rainfall and is typical of the
May monthly average. Accordingly over central
Australia the rainfall associated with this single
cloudband is quite a significant event.

The data network

While the background setting for the analysis
undertaken here is GMS-1 imagery, it must be
remembered that in many respects our knowledge
of the vertical structure of atmospheric systems
remains heavily dependent upon the availability
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Fig. 1 A sequence of GMS-1 infrared images for 0000 GMT (a) 9 May (b) 11 May (¢c) 13 May showing the north-
west cloudband to be examined.
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Fig. 2 Rainfall distribution (10 to 14 May 1979) in the
central and western rainfall districts.
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of conventional land-based radiosonde and wind-
finding stations. Figure 3 shows a geographical
reference map of the area south of 10° N covered
in the GMS-1 perspective and the distribution of
land-based stations. It is immediately apparent
that over vast areas of the Indian and Southern
Oceans any analysis of the vertical structure of the
atmosphere must be based entirely on satellite
data and in particular thickness retrievals from
TIROS-N. Even over the Australian continent the
radiosonde network poses considerable difficulties
for establishing detailed thermal structure. Apart
from a few stations soundings are only taken at
0000 GMT each day, and there is a number of
areas where the spatial separation between sta-
tions is very large, e.g. between Alice Springs and
Darwin. However, despite these limitations, the
Special Observing Periods of FGGE offer unique
data sets for both numerical modelling studies
and diagnostic studies of features such as the
northwest cloudband.

The analysis sequence

In the following sections it will be seen that over
much of the extent of the cloudband the main
mechanism for its formation was broadscale
ascent (hereafter referred to as ‘upslide’). In the
earliest phases of the development of the band,
this mechanism was largely confined to the mid-
dle and upper troposphere; in the latter stages a
cyclonic circulation developed throughout the
lower troposphere and contributed substantially
to the moisture influx and vertical extent of cloud
within the band. The upslide process in this ins-
tance was enhanced by:

(a) the presence of baroclinicity over the
Australian continent in the wake of cyclo-
genesis in the Tasman Sea;

(b) a mid-tropospheric cut-off low in the
Western Australian region;

(¢) strong mid-tropospheric cross-equatorial
flow into the southern hemisphere in the
Indonesian sector. The configuration of
tropical circulation features which
enhanced this strong cross-equatorial flow
include:

(i) a major outflow region east of a mon-
soon depression in the Bay of Bengal,
(ii) a tropical depression in the Cocos
Island area;
(iii) a westward propagating disturbance in
‘ the near equatorial Pacific.

The role of the subsequent sections of this
paper is to describe these features in greater detail
and where possible elucidate the mechanisms for
some of the observed features.

Time-averaged features

Figures 4(a) and (b) show five-day averages of
mean sea level pressure and 500 mb height
respectively. The dominant features at MSL are a
low in the Tasman Sea and an anticyclone in the
Great Australian Bight. A similar pattern is
reflected at 500 mb with negative height
anomalies of 150 m in the Tasman Sea and posi-
tive anomalies of 150 m in the Bight. (These
anomalies are expressed relative to the long-term
monthly mean for May.) At 500 mb much of the
Australian continent is covered by negative
anomalies reflecting the presence of a cut-off cold
pool upstream of the major trough in the Tasman
Sea. The cloudband is located primarily within the
envelope of negative anomalies associated wth
this feature.

Hovmoller diagrams

Figure 4(c) shows the relatively slow movement
(<10 kn) of the prevailing long-wave trough-
ridge pattern. The movement at 45°S is somewhat
larger than that at lower latitudes, a feature con-
sistent with the cutting-off process suggested by
the involuted pattern in Fig. 4(b). Whereas the
amplitude of the trough-ridge pattern is relatively
weak at 25°S, it is quite marked at 35°S and 45°S.
The trough in the Tasman Sea appears to attain a
peak amplitude as late as 13 May while the
upstream ridge (45°S, 110°E) peaks around 9-10
May. Inspection of daily charts (see the following
section) suggests that the later peak in the Tas-
man Sea resulted from short-wave reinforcement
associated with cyclogenesis northeast of
Tasmania on 12 May.

Tropical and interhemispheric
aspects

Figure 5 shows MSL, 500 mb and 300 mb
analyses for 0000 GMT 11 and 13 May 1979.
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Fig. 3 Geographical references and the radiosonde (circles) — upper wind (triangles) network within the area south

of 20°N covered by the GMS-1 perspective.
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These two sets of analyses are used to illustrate
the large-scale synoptic features prevailing at
different stages of the life of the northwest cloud-
band.

On 1l May the main features of the MSL
analysis were a large monsoon depression in the
Bay of Bengal and tropical disturbances in the
vicinities of the Philippines and Cocos Island. At
500 mb and 300 mb there was a marked cross-
equatorial flow in the area of the Indonesian
archipelago. South of the equator much of this
flow took on a northwesterly direction and
merged into the jet stream between 20°S and .
25°S. At this time the upslide mechanism produc-
ing the cloudband was largely confined to the mid-
dle and upper troposphere and while the band
appeared ominous in the infrared imagery, there
was very little rain associated with it.

By 13 May the situation was somewhat
different. At MSL there was a marked cyclonic
circulation northwest of Broome and at 500 mb
the predominant flow over the Indonesian
archipelago was the opposite of that observed on
11 May. The main cross-equatorial flow into the
southern hemisphere moved to the West Irian-
Papua New Guinea area. The development of the
low-level cyclonic circulation northwest of
Broome proved to be an important feature in rela-
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tion to the rainfall associated with the cloudband.
In the immediate vicinity of Broome, where some
totals exceeded 40 mm, the ‘rainfall was con-
siderably enhanced by deep local convection.
However, the low tropospheric circulation also
facilitated the broadscale transport of moisture
into the continental interior where it could be sub-
sequently precipitated by upslide. To illustrate the
basic features of the upslide mechanism Fig. 6(a)
shows streamlines on the 4 .= 48°C surface for
0000 GMT 12 May. This . surface was located
just below the prevailing cloud base at Alice
Springs. Note the inferred ascent of the flow in
relation to the pressure topography between Alice
Springs and Broome.

To the extent that warm advection can be
broadly associated with upslide, namely from a
comparison of the relative magnitude of terms in
the thermodynamic equation for adiabatic flow

o8 . = — o 20
(;—tp+\/ Vet = 5p

whereO < — V- v,0>> 20

p
(see Appendix for list of symbols), then Fig. 6(a)
offers further evidence that this mechanism was
similarly operating throughout a substantial depth
of the atmosphere over northwest Australia on 13
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Fig. 4 (a) Five-day average (centred on 11 May 1979) of mean sea level pressure (mb). Stippling denotes the main
areas of cloud on the 9th (fine), 11th (very fine) and 13th (coarse) — see Fig. 1 for finer details.
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May. The values of thermal advection shown in
Fig. 6(b) are based on calculations of
= (Vy9) - (¥Ty9), where the horizontal tem-
perature gradient at 700 mb (¥T;q) is inferred
from the thermal wind equation applied to the
observed shears across the 650 —800 mb layer.
As is generally the case with stratiform cloud of
some substantial depth (> 1 km say), there was
considerable variation of ¢, with height within
the cloud mass and the four-dimensional struc-
ture of cloud features is difficult to describe with-
out analysing numerous charts. In this case the
construction of a limited number of analyses such
as those presented in Fig. 6, indicate that upslide,
frequently associated with warm advection, was
the major mechanism for the cloudband features
in the middle and upper troposphere. A dominant
synoptic-scale feature which appeared to greatly
influence this upslide mechanism was a cut-off
cold pool over Western Australia, and attention is
now given to tracing this feature in more detail.
Figure 7 shows a sequence of analyses of the
1000 to 500 mb thickness field and the 700 mb
height field, for 9 through 13 May. Temperatures
at 500 mb are also plotted at the individual radio-
sonde locations. A most notable feature of these
analyses is the displacement of the ‘low’ defined
by the 700 mb height contours (20°S to 25°S) and

the centre of the cut-off cold pool indicated by the
thickness isopleths (30°S to 35°S). The
configuration implies warm advection and upslide
immediately east of the 700 mb low and cold
advection and subsidence to the south and west.

In the higher latitudes (~ 40°S) a major cold
trough moved through Tasmania on 10 May while
a second trough passage occurred between 12 and
13 May. Coincident with the second passage the
meridional extent of the thermal trough over the
mainiand was enhanced, as was its eastward
progression.

Some of the 24-hour temperature changes at
500 mb are also worthy of note. For example, at
Kalgoorlie a 7°C cooling between 10 and 11 May
was followed by a comparable warming between
11 and 12 May. Similarly at Broome a 5°C cooling
was evident between 12 and 13 May as the trough
amplified in this area. This latter feature is
particularly interesting because of the apparently
localised vertical extent of the cooling around the
500 mb level and the implied phase variation of
the thermal trough with height. This aspect is
further examined in the Regional aspects section.

Most of the thermal structure shown over the
oceanic aréeas in Fig. 7 was derived from TIROS-N
retrievals. Figure 8 shows some of the
aforementioned features of the broadscale
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Fig. 4 (b) Five-day average (centred on 11 May 1979) of the 500 mb height field (thick lines; units X 10 m) and
departures (thin lines) of this short-term mean from the longer-term monthly mean.

T

thermal structure as indicated in the radiance field
measurements of the MSU-2 microwave channel
of the TIROS-N vertical sounder (Smith et al.
1979). The response weighting function of this
oxygen-band channel (shown in panel (e) of Fig.
8) peaks around the 600 mb level. At 1800 GMT
9 May (panel a, Fig. 8) the cold pool is clearly
evident in the vicinity of Albany having cut off
from the larger-scale cold trough further to the
east. Around 1900 GMT 11 May (panel b) the
main cold trough over Western Australia is
evident on the extreme right of the image with a
secondary trough further west. By 1900 GMT 12
May (panel ¢) this secondary feature has merged
with the main trough over Western Australia and
enhanced ridging is evident in the Indian Ocean
sector. At 0600 GMT 13 May (panel d) the main
trough can be seen moving into central Australia.

From a quantitative analysis standpoint, data
such as that presented in Fig. 8 are generally less
satisfactory than the conventional 1000 to 500 mb
thickness fields shown in Fig. 7. However, the
benefits of direct access to the individual channel
imagery can be substantial both in terms of
enhancing the structure of analysed features and
establishing  confidence in the derived
temperature/moisture retrievals via interactive
quality control of the data.

The role of baroclinicity

While, as noted earlier, the northwest cloudband
does not appear to have an immediate connection
with a southern frontal system, its manifestation
is very much related to baroclinic features. For
example a substantial ‘thermal gradient’ over the
Australian continent is indicated in both the
radiance measurements of Fig. 8 and the 1000 to
500 mb thickness isopleths of Fig. 7. In terms of
its relation to the cloudband this thermal contrast
might be termed ‘pre-existing baroclinicity’ in
that it was set up largely in the wake of the initial
cold outbreak in the Tasman Sea and
subsequently became active in a cloud-producing
sense as the circulation around the cut-off low
further west developed a northerly upslide
component. Later, in the period 11 to 12 May, the
baroclinicity was also reinforced by the passage of
a second cold trough through southeastern
Australia.

Figure 9 shows a vertical cross-section from
Adelaide to Darwin at 0000 GMT 13 May. The
major cloud features, as determined from both
radiosonde and infrared GMS-1 imagery, are
indicated in relation to the wind component
normal to the section and the thermal structure
delineated by isentropes. The depth of cloud over
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Fig. 4 (¢) Hovmiller diagrams for 25°S, 35°S and
45°S illustrating the ‘long-wave’
amplitude/phase speed characteristics at
the 500 mb level (isopleths are five-day run-
ning mean height values (X 10 m)).
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Alice Springs at this time was very extensive and
light continuous rain was falling. A few hundred
kilometres north and south of Alice Springs there
was a falling decline in the depth of cloud and
rainfall. To the south and west of Alice Springs
two distinct cloud decks could be indentified with
a fairly abrupt cut off to the upper-level cloud
deck in the vicinity of the jet axis.

Regional aspects
Phase of the thermal trough in the Broome area

As noted earlier between 11 and 13 May the
thermal trough outlined by the 1000 to 500 mb
thickness field (Fig. 7) showed a general
meridional amplification over Western Australia.
However, a detailed examination of the vertical
variation of the thermal field in this region shows
a rather complex structure. This complexity is
well illustrated by (i) the localised vertical extent
of the cooling which occurred around the 500 mb
level at Broome between 12 and 13 May (Fig.
10(a)), and (ii) the eastward phase shift with
height of the thermal trough in the lower half of
the troposphere on 13 May (Figs 10(b) and (c)).

The latter configuration results in a substantial
area of warm advection and upslide in the middle
troposphere to the east of the thermal trough and
also accompanied the increased convective
activity to the northeast of Broome at this time
(see Fig. 1(c)). A time-section for Port Hedland,
where wind and temperaturée profiles were avail-
able on a six-hourly and twelve-hourly frequency
respectively, indicated that the passage of the
500 mb thermal trough occurred there some
twelve hours before it reached Broome and that
again the cooling was largely confined to the
500 mb level, despite indications of cold
advection at neighbouring levels. In the absence
of an appropriate diabatic mechanism, the
compensating warming in these adjacent levels
must be accomplished by subsidence.
Unfortunately such areas are generally devoid of
suitable cloud tracers and in this case only skeletal
details of the wind field-thermal field interactions
were available in the Indian Ocean sector. On the
other hand the thermal features noted at the
500 mb level over the continent appeared to be
well reflected in the MSU-2/TIROS-N imagery,
reinforcing an earlier comment on the potential
value of routine access to such imagery.

Rainfall-associated events in the
Alice Springs area

Around 0730 GMT 12 May light rainfall
commenced at Alice Springs and continued to fall
until 1300 GMT 13 May. Figure 11 shows vertical
profiles of wind, temperature and moisture for
Alice Springs during the period 11 to 13 May, and
reveals some of the characteristic features and
changes occurring during this period. Comparing
firstly 11 and 12 May (Fig. 11(a)), the major
changes were the substantial increase in moisture
and cooling (1 to 2°C) between 650 and 300 mb.
By contrast there was little change in the lower
troposphere, which was characterised by a
subsidence inversion around 800 mb. Comparing
12 and 13 May (Fig. 11(b)) one sees a general






