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Using objective analyses, the synoptic environment and large-
scale controlling mechanisms for two frontal events (Events 1
and 2) observed during the Central Australian Fronts
Experiment (CAFE) are presented. The analyses are based on
the Australian Bureau of Meteorology’s Regional Assimilation
and Prognosis system (RASP). While Event 1 is the main focus
of the paper, we discuss briefly Event 2, mainly highlighting the
similarities between the two systems.

Although both events are associated with well-developed
mid-latitude lows over southern Australia, the strongest gradi-
ents in temperature and velocity are analysed in the subtropics.
Moreover, the low-level temperature gradients, relative vortici-
ty, divergence and frontogenesis function all weaken during the
daytime and rapidly strengthen at night. The nocturnal evolu-
tion is emphasised in the paper.

In both events the analysed wind fields show that during the
afternoon to the rear of the front, the boundary-layer winds are
subgeostrophic because of the strong turbulent mixing there.
After sunset the turbulent mixing subsides and the boundary -
layer stress is rapidly reduced. Consequently, the post-frontal
ageostrophic winds rotate anticyclonically and a low-level noc-
turnal jet develops. Localised increases in the ageostrophic
deformation and convergence accompany the formation of the
nocturnal jet, which in turn rapidly strengthens the northern
section of the front. This rapid frontogenesis may be the genera-
tion mechanism for the large-amplitude bore-waves observed
during CAFE to propagate ahead of Events 1 and 2.

The Central Australian Fronts Experiment (CAFE)
ran from 7 September to 4 October 1991. (The obser-
vational domain, including topography, and the place
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ment of the instruments used are shown in Figs 1(a)
and 1(b)). Three fronts were observed in detail and
are documented in Smith et al. (1995). The observa-
tions taken during CAFE show that shallow cold
fronts propagate across central Australia, commonly
generating large-amplitude bores overnight. The
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Fig.1  (a) Map showing the location of the CAFE net-
work. The boundary of the experimental
domain is marked by a rectangle. (b) An
enlargement of the experimental domain show-
ing the orography and the distribution of sta-
tions within the network. All places referenced
in the text are marked on either (a) or (b).

Mars s 20 bl Jongtitude CE)
X
e 50 € Radiosonde station
2 @© Automatic weather station
ﬁ o O Microbaragraph station
b

fronts are difficult to detect during the day but the sur-
face thermal gradients and wind shifts associated with
these subtropical cold fronts are observed to re-estab-
lish themselves in the evening and early hours of the
morning after the frontolytic effects of daytime mix-
ing have subsided. This suggests that their structure
and evolution is controlled by the synoptic-scale pat-
terns of deformation and convergence.

Observations taken during CAFE show also that
the height of the convectively well-mixed layer is
deeper in the warm air than in the cold air.
Furthermore, as there is generally little cloud associ-
ated with fronts over central Australia, the sensible
heat flux is reasonably uniform across the front
(Smith et al. 1995). Smith et al. suggested that the

observed daytime frontolysis over central Australia
results from differential heating of the mixed layer,
which in turn is related directly to the way in which
the boundary-layer height changes across the front.
The central purpose of the present paper is to
examine in detail the synoptic structure and evolution
of the first frontal system observed during CAFE,
thereby placing the observations in a broader context.
The analyses used here come from the then opera-
tional Australian Bureau of Meteorology’s Regional
Assimilation and Prognosis System (RASP). A sub-

‘sidiary aim of the study is to examine how well RASP

compares with the observations taken during CAFE
in the normally data-sparse regions of central
Queensland. A related goal is to explain why fronts
over central Australia strengthen rapidly during the
late evening and early hours of the morning. We have
chosen to concentrate on Event 1 as it passed through
the CAFE observational network during the night of
September 9 and 10. Although Event 1 is the main
focus of the paper, we will briefly discuss the second
event, highlighting the common features of the two
systems. All three CAFE events are documented in
detail in Deslandes (1995).

The remainder of the paper is structured as fol-
lows. A summary of the analysis scheme used for this
study is presented and then these analyses are used to
diagnose the broadscale synoptic conditions during
Event |. The diurnal variation of several frontal diag-
nostics are examined and used to validate the analy-
ses against the observations taken during CAFE. We
then examine the rapid nocturnal frontogenesis during
Event 1, followed by a comparison of Events 1 and 2.
Finally, the main conclusions reached in this study are
outlined.

The Regional Assimilation and
Prognosis System (RASP)

The Australian Bureau of Meteorology’s Regional
Assimilation and Prognosis System (RASP) is a four-
dimensional data-assimilation scheme consisting of
an analysis-initialisation-forecast cycle. The system
has been described in detail by Mills and Seaman
(1990), and its usefulness in diagnostic case studies
has been demonstrated by Mills (1989), Mills and
Zhao (1991) and Velden and Mills (1990). Although
it cannot resolve mesoscale features, previous studies
have shown that the scheme analyses synoptic-scale
circulations well. However, as RASP has not previ-
ously been used to study in detail the behaviour of
shallow near-surface systems, the CAFE data pro-
vide an opportunity to validate the analyses for such
systems.,
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The RASP scheme has two parts: a forecast model
and an analysis component. The forecast model is a
finite-difference, hydrostatic, primitive-equations
model which, at the time of CAFE, had a horizontal
resolution of 150 km. Terrain-following coordinates
are used in the vertical with 15 sigma levels. Five of
these levels are located in approximately the lowest 2
km. The vertical levels are located at,

¢ =0.98,0.95, 0.90, 0.85, 0.75, 0.70, 0.60, 0.50, 0.40,
0.30, 0.25, 0.20, 0.15, 0.10, 0.05.

Boundary-layer parametrisations in the model are sta-
bility dependent, with eddy diffusivities being func-
tions of the bulk Richardson number. The surface heat
budget includes a prognostic surface temperature
equation, and a large-scale precipitation scheme and a
Kuo cumulus parametrisation scheme are included.
Full details appear in the above references.
Obscrvations arc assimilated cvery six hours in the
RASP scheme, using a -3 to +3 hour data cut-off. Data
types include: surface synoptic, ship and drifting buoy
reports, radiosonde and rawinsonde observations, 500
km resolution satellite sounding data (TOVS), GMS
cloud-drift winds and single-level winds from aircraft
reports (AIREPS). In addition, mean sea-level pres-
sure and thickness data generated from manual analy-
ses (bogus observations) at the National
Meteorological Centre (NMOC), Melbourne, are
added in the data-sparse areas of the Southern Ocean
(Guymer 1978). Typical data distributions are shown
in Figs 2 and 3 of Mills and Zhao (1991) (not shown).
The CAFE observations were not included in the oper-
ational analysis, allowing the CAFE results to serve as
independent verification of the RASP analyses.

Synoptic analysis of Event 1

We consider now the broadscale synoptic pattern in
which the Event 1 developed. Times are given in
Universal Standard Time (UTC) which is ten hours
behind Australian Eastern Standard Time (EST). For
reference, 2300 UTC = 0900 EST, 0500 UTC = 1500
EST, 1100 UTC = 2100 EST, and 1700 UTC = 0300
EST. The local time in the longitudes of the CAFE
network is EST - 0.5 h.

Mean sea-level pressure

A sequence of six-hourly mean sea-level pressure
(MSLP) analyses for Event 1 is shown in Fig. 2. At
the initial time, an extratropical low is analysed to the
south of the continent over the Great Australian Bight.
Over the next 30 hours the low slowly crosses south-
eastern Australia. The 2300 UTC analysis on 8

September shows that the trough associated with the
mid-latitude low (marked by solid line) extends

" northwards through South Australia and appears to be

separate from the broad trough over the continent
which is located further to the northeast. As the trough
associated with the mid-latitude low pushes through
central Australia, it merges with the broader continen-

. tal heat trough ahead of it, so that by 1700 UTC on 9

September a single trough is analysed across central
and northern Australia. A similar process was report-
ed by Smith and Ridley (1990) in their earlier study.
 Strong nocturnal post-frontal ridging is evident in
the sequence. For example, consider the 1014 hPa
isobar in the MSLP analysis. The 1014 hPa isobar

. surges eastward over South Australia between 0500

UTC and 1700 UTC on 9 September, but regresses
westward over western Queensland between 2300
UTC on 9 September and 0500 UTC on 10 September
despite the eastward movement of the trough. In the
following 6 hours to 1100 UTC (not shown), after the
time of maximum diurnal heating, the ridge again
surges towards the east and the 1014 hPa isobar
extends to near 145° E. Note that this back and forth
movement is in phase with the diurnal pressure oscil-
lations over the Australian continent (Kong 1995).

500 hPa analysis

Figure 3 shows the 500 hPa horizontal velocity vec-
tors overlaid with the 30 m s! and 40 m s™! isotachs.
The key points from the analysis are that the mid-lat-
itude trough and associated wind maximum (jet
streaks) do not penetrate further north than about
25°S, and the flow over the subtropics (20°S - 30°S)
remains relatively zonal throughout the sequence.

Potential temperature and surface temperature
gradients
The low pressure associated with temperature maxima
over northern Australia is generally referred to as the
northern Australian heat trough. The heat trough and
the accompanying low pressures have been recognised
as a climatological feature of the northern Australian
region during the late dry and wet seasons (Leighton
and Deslandes 1991). A comparison of the 950 hPa
potential temperature distribution for Event [ (Fig. 4)
with the MSLP sequence for the same event (Fig. 2)
shows that throughout the sequence low pressure cen-
tres over northwestern Australia and the Northern
Territory are generally tied closely to maxima in the
950 hPa potential temperature. In Fig. 4, and. in later
figures, those areas where the 950 hPa surface lies
below the model orography are blanked out.

At 2300 UTC on 8 September the axis of maxi-
mum potential temperature over central Australia is
coincident with the broad continental MSLP trough.
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Fig. 2 Mean sea-level pressure for Event 1. (a) 2300 UTC (9 a.m. EST) 8 September 1991, (b) 0500 UTC (3 p.m. EST)
9 September, (c) 1100 UTC (9 p.m. EST) 9 September, (d) 1700 UTC (3 a.m. EST) 9 September, (¢) 2300 UTC (9
a.m. EST) 9 September and (f) 0500 UTC (3 p.m. EST) 10 September. The solid line at 2300 UTC 8 September
marks the position of the trough.
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Fig. 3 500 hPa wind vectors for Event 1. (a) 2300 UTC (9 a.m. EST) 8 September 1991, (b) 0500 UTC (3 p.m. EST) 9

September, (c) 1100 UTC (9 p.m. EST) 9 September, (d) 1700 UTC (3 a.m. EST) 9 September, (¢) 2300 UTC (9

a.m. EST) 9 September and (f) 0500 UTC (3 p.m. EST) 10 September. The shaded regions mark wind speeds
_between 30 m s™ and 40 m s™". The solid line in panel (c) marks the ‘Queensland cross-section’.

500hPa UCMP/VCMP 910908/23 a 500hPa UCMP/VCMP 910909/ 5 b

RS Y4 S Z,lil,']'i

.~ o~ o= R A A A A

2087 =

L

NN 2 T TR

\\\

308

[ T W S R
VY NN
!

110E

208

308

208 oA

Y

T2
R

[ T T T T}

1
[ IR Y
I
}
7
I
'
AY
N
AY
'
N
N

Y
A}

[ TN
A

LT TR AN R N
\‘\\\\\\\

[ IV

o8

s sl
RN AR
I PR e
N~ rr s A
R P

110E 120E 130E 140E 150E



92 Australian Meteorological Magazine 48:2 June 1999

Fig. 4 950 hPa potential temperature for Event 1. (a) 2300 UTC (9 a.m. EST) 8 September 1991, (b) 0500 UTC (3 p.m.
EST) 9 September, (c) 1100 UTC (9 p.m. EST) 9 September, (d) 1700 UTC (3 a.m. EST) 9 September, (e) 2300
UTC (9 a.m. EST) 9 September and (f) 0500 UTC (3 p.m. EST) 10 September. The contour interval is 2K. The
shading marks those regions in which the 950 hPa temperature gradient exceeds 8K (100 km)1, The blanked-
out areas mark those regions where the 950 hPa surface lies below the orography.
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