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During 29 August 1992 an intense extratropical cyclone passed south of Adelaide,
South Australia. Rain from the cold conveyor-belt cloud system ahead of the
low/trough system cleared during the afternoon; however, in the late evening a small
area of convection appeared southwest of Adelaide at the head of the comma-head
cloud which by this time was wrapping around the western side of the low system.
This area of convection moved eastwards, and as it passed over the Adelaide Hills
produced intense localised rainfall and flash-flooding in the Torrens River system.
Two people were drowned. .

The synoptic evolution of the extratropical cyclone is described with some emphasis
on the tropopause undulation, or isentropic potential vorticity (IPV) anomaly, which
was associated with this system and its relation to the upper-level jet/trough pat-
terns and the low-level thermal and moisture fields. It is shown that shear on the
cyclonic side of a strong northwesterly jet strongly modulated the IPV structure, and
so resulted in strong warm advection in the upper troposphere ahead of, and strong
cold advection immediately upstream of the IPV anomaly. This cold advection in the
upper troposphere moved into phase with lower-tropospheric warm, moist advection
at the head of the comma-head cloud as it moved around the western side of the low
pressure system, producing a localised area of convective instability. It is shown that
this destabilisation was resolved in the assimilated grid-point analyses of the
Australian Bureau of Meteorology, and so this paper proposes a mechanism to
which forecasters should be alerted, and which can be resolved in currently available
operational products.

Introduction

Between 27 August and 30 August 1992 an extra-
tropical cyclone developed near the southwest
corner of Western Australia (WA) (see Figs 1 and
2 for all places mentioned in the text) and
deepened by over 20 hPa during a 36-hour period
as it moved eastwards. The cyclone was quite
intense, with observed surface winds along the
South Australian (SA) coastline of more than
25 m s7!, and extremely well-developed cloud
features on the continental scale as well as the
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mesoscale. The intensity of the system was also
indicated by the unusually low tropopause (near
500 hPa) observed at Adelaide Airport at 1100
UTC 29 August, with the 500 hPa temperature
more than two standard deviations (sd) below
normal, and the 300 hPa temperature more than
three sd above normal. This profile is typical of a
lower-tropospheric cold dome and depressed
tropopause structure similar to that described by
Palmen and Newton (1969) (see their Fig. 10.8).
While these features alone may not have
prompted a detailed examination of this case,
there was an additional feature which did: a small
area of intense convection moved over the Adel-
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Fig. 1 Locality diagram.
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Fig. 2 Isohyet analysis (mm) for the 24 hours to 0900
CST 30 August 1992 (2330 UTC 29 August)
(top), and pluviograph trace from Lenswood for
the period 2000 CST 29 August 1992 to 0900
CST 30 August 1992 (bottom), from Bureau of
Meteorology (1993).
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aide Hills, leading to a flash-flood in the Torrens
River valley near Cudlee Creek. Two people were
drowned.

A mesoscale analysis of 24-hour rainfall to 0900
Central Standard Time (CST) 30 August 1992
(Bureau of Meteorology 1993), and a pluviograph
record are shown in Fig. 2. (Note that 0900 CST
30 August is 2330 UTC 29 August.) Over 90 mm
of rain was observed in the 24-hour period in two
small areas over the Adelaide Hills, and the
pluviograph trace at Lenswood (Fig. 2) shows a
period of 30 min in which rainfall rates exceeded
30 mm h~!. The Adelaide Hills (or Mt Lofty
Ranges) present a roughly north-south escarp-
ment of some 300-600 m a few kilometres east of
the city of Adelaide, but orographic forcing alone
does not seem to be sufficient explanation of this
convective event as satellite imagery showed the
convection developing southwest of Kangaroo
Island some 12 hours before it crossed the Adel-
aide Hills, and it could still be seen over southern
New South Wales (NSW) some six hours later.

The aim of this paper is to provide a synoptic
description of this event, and to relate the struc-
ture of this system to published conceptual
models. The convective cluster which led to the
flash-flooding, though, does not directly fit into

.the framework of these models, and so a

schematic showing how these can be extended is
presented.

The next section of the paper will provide a
broad overview of the synoptic evolution of this
event. The following section will focus on the
evolution of the tropopause undulation (or isen-
tropic potential vorticity, IPV, anomaly) associ-
ated with the extratropical cyclone, and its
relation with the upper-tropospheric jet/trough
systems. The evolution of the thermal patterns in
the upper and lower troposphere will follow, relat-
ing these to the conceptual models of Hoskins et
al. (1985), Hirschberg and Fritsch (1991a,b), Dos-
well (1985) and Browning (1994), and will dem-
onstrate that the mesoscale convective system
which produced the flash-flooding occurred in an
area where the atmosphere was destabilised by
low-level high equivalent potential temperature
air in the warm sector of the occluding cyclone
under-running an area of mid-tropospheric cold
advection immediately west of the tropopause
undulation.

Thus this paper proposes a concept which is
potentially useful to forecasters. The processes
which destabilise the atmospheric column are
controlled by the synoptic scale, but with meso-
scale results, and in the situation described in this
paper can be qualitatively resolved by the cur-
rently available gridded analyses. By being alert to
this process a greater lead time for a flash-flood
warning may be able to be given. Whether this
mechanism is more frequently observed or not
will be examined in a later study.
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Synoptic description

Sequences of mean sea-level pressure (MSLP),
400 hPa geopotential/isotach, and 700 hPa verti-
cal motion analyses at 12-hour intervals from
1100 UTC 27 August to 2300 UTC 29 August
1992 are shown in Figs 3, 4 and 5. The vertical
motions are from the initialised fields from the
operational data assimilation cycle, and their
quality has been discussed by Mills and Seaman
(1990). Corresponding infrared satellite images
from the GMS-4 satellite are shown in Fig. 6.
Unless otherwise stated, all contoured analyses
shown in this paper are from the archived 150 km’
grid-spacing objective analyses produced in real
time by the Australian National Meteorological
Centre (NMC) using the limited area data assimi-
lation system, RASP (Mills and Seaman 1990).
While these analyses do not have mesoscale res-
olution, they have been used successfully in syn-
optic case studies by, for example, Velden and
Mills (1990) and Mills and Russell (1992). One
slight change was made from the operational
analyses; an examination of the data used in the

- analysis of 1100 UTC 29 August showed that the
700 and 500 hPa heights and all temperature data
for the Adelaide radiosonde ascent had been
rejected during data validation as a result of con-
flict with climatological checks. This resulted in a
less accurate representation of the temperature
profile and no moisture data from this radiosonde
ascent being used in this analysis. The analysis
was rerun with these data included.*

At 1100 UTC 27 August, a 1002 hPa surface
low was centred near the southwest corner of WA.
An upper trough was just to the west of this low,
with a northwesterly jet to its east and a southerly
jet to its west. The satellite imagery showed a
frontal cloudband, F, near southwestern WA and
a northwest cloudband, B, (Downey et al. 1981;
Tapp and Barrell 1984) extending southeastwards
from near Indonesia to northern SA. Areas of
broad ascent covered most of western and north-
ern Australia, with two centres of stronger ascent

just north and just southeast of the surface low. -

The system evolved very rapidly during the
next 48 hours. The surface low moved southeast
across the Great Australian Bight in the 24 hours
to 1100 UTC 28 August, and deepened to 991
hPa. The northwesterly jet moved southeast to be
located over the southern Australian coast near
130° E (the area known as the Head of the Bight)
by 1100 UTC 28 August, and strengthened to
more than 70 m s~} The southerly jet moved

northwards and appeared to merge with the

northwesterly jet just.east of the apex of the trough

*Note that since August 1992, changes to the data validation
programs run in the NMC would allow these data to be auto-
matically passed to the analysis.

at this time (see the westward extension of the
50 m s~ ! isotach near 25° S 112°E at 1100 UTC
28 August), although it is not clear whether this
northwestern extension of the jet is a result of
propagation of the southerly jet or a new develop-
ment. Another southerly jet streak, with speeds
above 40 m s~ !, had also developed near 118°
between 40° and 35°S. The amplitude of the upper
ridge increased, with strong height rises over
southeastern SA. The ascent pattern changed
markedly, becoming organised into a cellular pat-
tern of ascent and descent over the continent and
the Great Australian Bight, and the two ascent
maxima over southwest WA moving to the south-
east, elongating, and by 1100 UTC 28 August
forming a strong, localised ascent maximum near
42°S 130°E. The satellite imagery shows the
frontal cloudband extending rapidly southeast-
ward from near the southwest corner of WA, and
then developing a wave in the area of the strong
ascent south of the Bight. The northwest cloud-
band (B) extended southward and eastward
through SA and into the eastern States.

At 1100 UTC 28 August there is a suggestion
(Fig. 3) that the surface low was reorganising - see
the trough extending to the north-northeast from
the low’s centre — and after that time the low
centre moved eastwards rather than southeast-
wards. This apparent change in behaviour co-
incides with the movement/development of the
jet over the Head of the Bight at that time, and
also with the reorganised vertical motion and
cloud patterns over the waters south of the Bight.
It is unfortunate that lack of surface data pre-
cludes a detailed reanalysis of this apparent sur-
face development.

Between 1100 UTC 28 August and 1100 UTC
29 August the surface low moved eastwards and
deepened to below 980 hPa, then slowly weakened
as it continued to move to the east. It was around
this latter time that the strongest surface winds
were experienced along the SA coastline. (The SA
manually prepared regional analyses at this time,
presented in Fig. 3 of Bureau of Meteorology
(1993), showed a secondary low just south of
Kangaroo Island, and the last panel of Fig. 3 does
suggest that multiple centres had formed in the
low system by 2300 UTC 29 August.) With the
increasing amplitude of the upper trough/ridge
pattern, a closed low centre formed at 400 hPa
between 1100 and 2300 UTC 28 August, and by
1100 UTC 29 August the upper low centre was
located east of the surface low. The 400 hPa north-
westerly jet streak moved southeast during this
24-hour period, and maintained its strength for
the first 12 hours. The southerly jet streak on the

; western flank of the trough moved around the
" apex of the trough and merged with the jet streak .

on the northeast side of the upper low; however,
the maximum speed of the northwesterly jet
slowed and the area of strongest winds broadened
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Fig.3 Mean sea-level pressure analyses from 1100 UTC 27 August 1992 to 2300 UTC 29 August 1992. Contour interval
4 hPa.
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Fig. 4 Analyses of 400 hPa geopotential height (solid contours, contour interval 90 gpm) and wind speed (stippled at .
10 m s~ ! intervals from 30 m s~') at 12-hour intervals from 1100 UTC 27 August to 2300 UTC 29 August 1992.
Contour labels have been omitted from the geopotentials to reduce clutter, but the 7120 m contour has been dashed
to provide a height reference. The vector arrows show the component of the 400 hPa ageostrophic wind transverse
to the geopotential contours, with the vector in the southwest corner of each plot scaled to 30 m s™!.
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Fig.5 Analyses of 700 hPa vertical motion (contour interval 10 hPa h~') at 12-hour intervals from 1100 UTC 27 August

to 2300 UTC 29 August 1992. Negative values (ascent) dashed.
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