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The results of an observational study on the structure of cold fronts in the Australian
subtropics are presented. Such fronts produce significant wind changes extending
into the tropics, but they are relatively shallow, typically not much more than a’
kilometre deep with little obvious signature at higher levels. These features cor-
roborate recent numerical simulations of frontogenesis in a growing bareclinic wave,
in the presence of diabatic heating by Reeder et al. There is circumstantial evidence
that fronts undergo a transformation to an undular bore-like structure when they.
move into a surface-based stable layer during the night.

Some questions are raised concernmg the dynamics of cold fronts in the presence of
strong diabatic heating. It is suggested that such heating may increase the strength
and reduce the scale of the cross-frontal circulation so as to enhance the fronto-

genesis.

Introduction

The initial impetus for this study arose from
attempts to identify the origin of certain travelling
bore-like disturbances that are common in the
southern part of the Gulf of Carpentaria region of
northern Australia®. These disturbances are noc-
turnal or early morning phenomena and herald a
sharp pressure jump together with a strong surge
in the low-level wind. They are known locally as
‘morning glories’ because of the spectacular early
morning roll clouds that sometimes accompany
them near the Gulf coast and over the Gulf
itself.

The more usual type of disturbance is generated
over the southwestern part of Cape York Penin-
sula during the late evening, following interaction
between the east and west coast sea-breezes in the
presence of an easterly component of trade wind
flow across the Peninsula. The disturbance
subsequently moves as a northwest—southeast
oriented line disturbance towards the southwest
{Clark et al. 1981; Clark 1983, 1984; Noonan and

*The location of the places mentioned in the text is shown in
Fig. 1.
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Smith 1986, 1987). However, disturbances
oriented approximately east-west and moving
northwards are common also (Smith et al.
1986).

The origin of southerly morning glones remains
uncertain, but there is circumstantial evidence
that at least some are associated with the passage
of cold fronts across central Australia. Indeed, one
plausible scenario is that the front becomes trans-
formed from an unbalanced, gravity current-like
flow in the south as it moves northwards into a
developing nocturnal inversion. However, little
has been known hitherto concerning the structure
of fronts over central Australia as far north, say, as
Mount Isa (21°S, 139°E). Although such fronts are
invariably associated with cyclonic disturbances
at much higher latitudes, synoptic analyses show
that the large-scale frontogenetic processes that
occur over central Australia are dominated by the
deformation flow fields between two subtropical
anticyclones (see e.g. Fig. 2). Moreover, it is
reasonable to presume that relatively deep dry-
convective mixing of both the pre and post-frontal
air masses plays an important role, a factor to
which we return later.
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Fig.1 Map of Australia with place names mentioned in
the text.
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Fig. 2 Australian Bureau of Meteorology mean sea level
isobaric analyses: (a) at 1600 EST on 11 Septem-
ber 1988; (b) at 1600 EST on 16 September 1988;
and (c) 1300 EST on 24 September 1988.
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It is the experience of local forecasters that
fronts tend to pass through Mount Isa in the even-
ing. There is a belief that strong convective heat-
ing may significantly weaken the frontal gradient
during the daytime, or that the strengthening
of the inland heat trough across northeastern
Queensland may inhibit the movement of the
front during daylight hours. However, we are
unaware of any systematic studies of frontal struc-
ture across central and northeastern Australia and
current knowledge stems mainly from routine
data which include six-hourly rawin soundings
and a daily radiosonde at Mount Isa. For this
reason we organised a modest field experiment
during September 1988, using existing facilities at
the Australian Bureau of Meteorology meteor-
ological station in Mount Isa, to determine
the structure of cold fronts at these latitudes.
The techniques involved serial rawinsonde and
radiosonde soundings during frontal passages,
together with conventional surface station data,
including time-series of surface pressure using
a sensitive microbarometer. Where possible,
soundings were carried out at approximately
three-hour intervals.

Three fronts were documented during the ex-
periment and these had some important features
in common. It is likely that at least one of them
produced a southerly morning glory that was ob-
served nine hours later over the southern part of
the Gulf of Carpentaria. This paper summarises
the findings of the field experiment in relation to
frontal structure at low latitudes and compares
these with a recent numerical study by M. Reeder
(personal communication). It concludes with a
discussion of some outstanding problems arising
from the study that remain to be addressed.

Synoptic characteristics and frontal
structure

We begin this section with a brief description of
the synoptic characteristics and frontal structure
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for each front separately and follow with a sum-
mary of common features. The determination of
frontal structure is based mainly on time-height
cross-sections at Mount Isa.

Event 1: 11 September 1988

Surface description. At 1600 Eastern Standard
Time (EST)* on 11 September 1988, an anti-
cyclone near Perth extended a strong ridge of high
pressure over central Australia and a second anti-
cyclone, in the Tasman Sea, extended a ridge
along the Queensland coast (see Fig. 2(a)).
Between these two systems lay a trough of low
pressure, occupied in its southern portion by a
cold front associated with a low pressure centre
south of Tasmania. The northern part of the
trough axis lay ahead of the analysed synoptic
front and was already to the east of Mount Isa
at this time. An inland heat trough is a
semi-permanent feature in the Gulf area at this
time of year and could be expected to have
contributed significantly to the strength of the
analysed synoptic trough in the Australian
subtropics. The northern limit of the cold front as
depicted in the analysis appears to correspond to
the limit of significant cloud as indicated in
satellite imagery at the time (Fig. 3), and does not
necessarily preclude a surface front-like dis-
turbance further north. The satellite image is
typical of that for all three events, showing there to
be little, if any, significant cloud associated with
these frontal passages at Mount Isa. We note that
the sparse nature of the data network in central
and northern Australia makes precise deter-
mination of the position of surface fronts
impossible.

Fig. 3 Infrared GMS satellite picture at 1600 EST on
11 September 1988.

*EST is 10 hours ahead of Greenwich Mean Time.

The overall synoptic pattern was very similar to
that found by Smith et al. (1986) to be associated
with southerly surges in the Gulf area.

Figure 4(a) shows the anemograph trace (sur-
face wind speed and direction) from Mount Isa
Airport. Two well-defined wind changes were re-
corded, one just after 0700 EST on the morning of
11 September and a further gusty change, at about
2200 EST, late in the evening of the same day.
Between the two changes the wind became vari-
able in direction and speed. These changes are
consistent with the synoptic description above,
and suggest that the first change was associated
with the eastward movement of the semi-perma-
nent heat trough, while the second was more
directly associated with a frontal passage. The
experience of local forecasters is that ‘double’
wind changes are a common feature of trough/
front passages at Mount Isa and that the wind
often returns to a northerly direction for a period
between the two changes.

The barograph trace from Mount Isa (Fig. 5)
shows a strong diurnal variation in the pressure,
and this makes interpretation of the pressure field
associated with the wind changes difficult. The
most obvious feature was a small, but sharp rise in
pressure accompanying the first change, and a less
obvious rise which accompanied the second
change.* The latter is perhaps unexpected in the
sense that much stronger winds accompanied the
onset of the second change. However, in both
cases the pressure changes were much smaller
than the amplitude of the diurnal variation.
Upper air time-sections. Time-sections of the u
and v components of the wind (Fig. 6 (a)) show
that the second wind change was much more sig-
nificant than the first in terms of vertical struc-
ture, with the onset of the latter marked by a
strong gradient in both direction and speed. Ac-
cordingly, we restrict further discussion to this
second wind change. The pre-change wind fields
during the afternoon were consistent with strong
heating whereby mixing of the near-surface north-
erlies with higher level southerlies produced a
weak and variable wind field. Early in the day,
winds were southwesterly at about 3 km, above
the surface northerly flow. A low-level south-
easterly wind maximum within the colder air fol-
lowed the change, and a northwesterly maximum
occurred between about 2 km and 3 km above the
colder air following the surface change.

Time-sections of 8 and 6, (Figs 7(a) and (b)) for
the time-period surrounding the change show the
cold air to be very shallow, with a depth of about
1000 m, consistent with the velocity field. The
depth of cold air increased to about 1500 m some
9 to 12 hours later. The leading edge was marked

*Unfortunately, data from the microbarograph are unavailable
for this event.
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Fig.4 Sections of the anemograph traces from Mount Isa Airport on: (a) 11-12 September 1988; (b) 16-17 S_eptember

1988; and (c) 24-25 September 1988.
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Fig.5 Sections of the barograph trace at Mount Isa Airport: (a) on 11-12 September 1988; and of the microbarograph
traces on (b) 16 September 1988 and (c) 24 September 1988.
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Fig. 6 Height-time cross-sections of the westerly (u) and southerly (v) wind components at Mount Isa: (a) Event 1; (b)
Event 2; and (c) Event 3. Heights are above ground level and speeds are in m/sec.
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Fig.7 Height-time cross-sections of (a) potential temperature 6 and (b) equivalent potential temperature 6. at Mount Isa
for Event 1 and of 0 for (c) Event 2 and (d) Event 3. Heights are above ground level and isopleths are labelled in
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by a well-defined gradient in both 6 and 6.,
although the latter provided a slightly clearer dis-
tinction between the two air masses. The air ahead
of the change (corresponding to the afternoon
hours) was well mixed to about 3 km.

There appears little variation above about 1.5
km, in either 0 or 8., following the passage of the
surface front. Thus there is no evidence to suggest
the existence of an upper-level feature in the at-
mosphere associated with the frontal passage.
This is confirmed by the corresponding 500 hPa
height analysis (Fig. 8(a)) which shows there was a
very broad area of cyclonic flow in the middle
troposphere at that time. The corresponding
1000-500 hPa thickness analysis (Fig. 8(b)) shows
a region of weak thermal gradient which appears
to correspond to the frontal passage at Mount Isa.
The weakness of the gradient over the 1000 hPa to
500 hPalayer is consistent with the thermal gradi-
ent being concentrated near the surface as indi-
cated in the time-sections of 6 and 6..

Event 2: 16 September 1988
Surface description. The overall synoptic situ-
ation at the time of this event (Fig. 2(b)) was
somewhat different from that of Event 1 due to
the presence of a slow-moving low pressure centre
near the east coast. However, in the Mount Isa
area itself, the essential elements were similar. A
ridge of high pressure (albeit weak) lay along the
Queensland coast, and strong ridging was taking
place across central and western Australia behind
a north-south oriented front. The effect of the low
pressure centre off the east coast was to make the
trough area between the two ridges broader, which
resulted in a particularly slack and ill-defined
pressure gradient preceding the front. This event
was totally cloud free at Mount Isa, both before
and after the change, and satellite imagery offered
no additional information.

Referring to Fig. 4(b), this event also produced
some elements of a ‘double’ change, although the
changes were not as clearly separated as in Event

1. The surface wind backed steadily from a west-
northwesterly at 1545 EST to a southwesterly at
1610 EST, with speeds up to 10 m s~} (20 kn).
The wind speed then gradually decreased. Fol-
lowing about two hours of calm conditions, the
second change occurred at 2225 EST and was well
marked by a sudden increase in southerly wind to
7.5 m s~! (15 kn) with gusts to 10 m s—! (20 kn).
There was a prominent periodic variation in the

Fig.8 Australian Bureau of Meteorology upper air
analyses at 2200 EST on 11 September 1988.
(a) 500 hPa and (b) 1000-500 hPa thickness.
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wind speed over the following six hours. As in
Event 1, the second change occurred in the even-
ing after radiational cooling near the surface had
led to the formation of a strong, but shallow sur-
face-based inversion. This resulted in a very sharp
initial temperature rise from 17°C to 24°C with
the surface wind change. Thereafter, the temper-
ature fell slowly, but steadily during the night
reaching a minimum of 16°C.

In addition to the changes described above, we
note that a brief period of southerly winds with
speeds up to 6 ms~! (12 kn) occurred between
about 0400 and 0500 EST on the 16th, that is, well
before the observed frontal air mass change in the
evening. The sharp onset of these winds was ac-
companied by a pressure jump of 0.8 hPa (Fig.
5(b)). As in Event I, this was of greater amplitude
than that associated with the evening wind
change. The latter, at 2225 EST, coincided with a
pressure jump of barely 0.4 hPa.

A southerly morning glory was observed the fol-
lowing morning in the vicinity of Burketown and
the clouds were discernible in the visible GMS
satellite imagery near this time.

Upper air time-sections. Figure 6(c) shows that
the wind change at about 2230 EST was vertically
well defined, although it appears that the change
was delayed at the surface due to the surface inver-
sion. A core of maximum southerly winds oc-
curred some six hours later. Two well-marked
increases in surface wind speed occurred near the
leading edge of this core at about 0300 and 0430
EST on 17 September. The resolution of the data
precludes a more exact analysis. The wind struc-
ture preceding the change was different from that
in Event 1, in that the winds were southwesterly
above about 2 km for the entire period priorto the
main surface change. Following the surface south-
erly change, the upper winds then turned slightly
north of west and increased in strength. The initial
change to surface southwesterly winds during the
afternoon of 16 September has not been resolved
in the time-section, but a re-analysis could easily
incorporate a further small low-level southwest-
erly maximum between the 1500 and 1800 EST
sounding. If this were so, a pattern would emerge
whereby the overall change from near-surface
northerlies to southerlies occurred as a series of
three (or more) southerly maxima of increasing
strength. The overall structure of 8 (Fig. 7(c)) was
similar to that of Event | and was again consistent
with the passage of a front-like feature at the
surface. There is no evidence of an upper-level
feature associated directly with the surface front.
The cross-sections of 0. for Events 2 and 3 provide
little additional information and are not shown.

Event 3: 24 September 1988

Surface description. The synoptic pattern for
Event 3 (Fig. 2(c)) was very similar to that for
FEvent 1, although in this case the pressure trough

between the two ridges was very narrow, and the
front occupying the southern part of the trough
thus appeared in the synoptic analysis to be
exactly coincident with the trough axis. The
northern part of the trough was more developed
and further south than in the two previous
events. :

The narrowness of the trough (and hence the

associated stronger pressure gradients) resulted in
larger wind speeds prior to the change than in the
previous events (Figs 4(c) and 6(c)). The wind was
generally northerly at 5to 8 ms~! (10 to 16 kn),
but a brief period of southerly winds occurred also
during the afternoon. Given the short duration of
this southerly, and the evident large fluctuations
in wind speed throughout the afternoon, it seems
likely to have been no more than a localised eddy
produced by downward mixing of southerly
momentum. The major southerly change at 1945
EST was well marked by an initial peak gust of
22.5ms~! (45 kn) at onset. However, there was
no discernible signature in the surface pressure
trace (Fig. 5(c)). Only a small amount of middle-
level cloud accompanied this event.
Upper air time-sections. Figure 6(c) shows the
wind change to be clearly defined, with a low-level
southeasterly maximum in the cold air. The nar-
rowness of the synoptic trough is evident from the
prominence of the northerly maximum earlier in
the day, compared with the two earlier events.
However, this maximum still did not exactly pre-
cede the southerly change; there was a period of
some six hours during which the wind field below
2 km was ill-defined. There is some evidence that
a northerly maximum occurred above the cold air
following the change. We note also that, preceding
the change, winds were southwesterly above about
2km and, as in Events | and 2, this southwesterly
turned towards the northwest at about the time
the surface wind turned southerly. The gradient in
0 was not so well marked for this event (Fig. 7(d)),
although between about 1800 EST on 24 Septem-
ber and 0100 EST on 25 September a steady drop
in 0 is evident at low levels. There is a suggestion
of a wave feature at about 4 km, above the cold
frontal air, but there is no obvious connection
between this upper feature and the surface front.
Areas of precipitating middle-level cloud were
observed in the Mount Isa area early on the 27
September.

Synthesis

All three events had some very similar character-
istics. Mount Isa was situated such that it lay near
the northern limit of a synoptic cold front and the
southern limit of a semi-permanent pressure
trough to the northwest. The front and trough
were originally completely separate features, but
the approach of the front from the west appeared
to result in the gradual amalgamation of the two






