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A meteorological overview of the pre-
AMEX and AMEX periods over the
Australian region
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(Manuscript received April 1987; revised June 1988)

A synoptic analysis is presented of the tropospheric circulation patterns in the
Australian region tropics for the month prior to AMEX Phase II (14 December
1986 to 14 January 1987) and for the AMEX Phase II period (15 January to 15
February 1987). These periods are chosen to be representative of two distinctly
different tropical flow regimes: the pre-monsoon onset and monsoon regimes at
Darwin.

A significant feature shown by the analysis is the rapid evolution from a ‘transition
season’ regime to a ‘monsoon season’ regime between the two periods. Data are
presented showing the time and space scales of the variability of the wind and
pressure fields for the six weeks leading up to AMEX and for the AMEX time
period, and a synoptic description of the major weather systems affecting the
northern Australian region is given.

A preliminary analysis is presented describing the role of mesoscale monsoon squall
lines in influencing the precipitation regime over northern Australia. Data are
presented which show that a high proportion of rainfall received in Darwin during
AMEX Phase II was from such weather systems.

Introduction

The Australian Monsoon Experiment (AMEX)
Phase II period which ran from 15 January to
15 February 1987, was one of intensive data
gathering over northern Australia (Downey 1986;
Holland et al. 1986). An enhanced synoptic
network was established to enable diagnostic
studies of convective systems in the northwest
monsoon.

This paper uses AMEX data and other rou-
tinely gathered real-time observational data, to
present a synoptic overview of the month prior to
AMEX (14 December 1986 to 14 January 1987),
referred to as the ‘pre-AMEX period’, and of the
‘AMEX period’ (i.e. Phase II). It is hoped that this
study will provide a concise synoptic summary of
the AMEX period and of the conditions immedi-
ately preceding it. It has not been the aim of the
authors to review the Australian summer mon-
soon, readers are referred to McBride (1987) for
such a study. Special emphasis has been given to
documenting changes in the large scale flow as
they were observed at Darwin because this station
has been used extensively in the analysis of the
Australian monsoon (e.g. McBride and Ormerod
1982; Nicholls 1984; Holland 1986), and hence
the results presented may be easily contrasted
with these earlier studies. This paper then seeks to
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document the significant synoptic weather fea-
tures present during AMEX in order to provide a
framework for the more detailed diagnostic
studies of convective systems that the AMEX
data set will generate. Geographical locations
referred to in the text are shown in Fig. 1.

The large-scale circulation: pre-
AMEX compared to AMEX

The work of Holland (1986) indicates that the
normal monsoon onset date at Darwin, as judged
from the transition of 850 hPa winds from
easterly to westerly and the 100 hPa winds from
westerly to easterly, is 24 December. Following
Holland (1986) a time series of the zonal wind at
Darwin at 850 hPa and 100 hPa has been used to
determine monsoon onset. For each day, using
four sets of upper wind data (observations made
at approximately 00, 06, 12 and 18UTC), a daily
mean wind at 850 hPa and 100 hPa was
calculated, and a 3-day running mean of the zonal
wind components computed which smooths out
the data but enables the specification of the date
of onset (the abscissa being resolved into units of
one day). The resultant time series for Darwin are
shown in Fig. 2(a). In 1987 monsoon onset had
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Fig. 1 Location map of geographical areas referred to in the text.
Inset map shows the location of 16 Northern Territory
rainfall stations (denoted by ®).
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not occurred until 14 January, and then the
transition was quite rapid. For the six weeks prior
to AMEX the low-level winds were light easterlies
(0-5 m s-!) and the upper winds were slightly
stronger (5-10 m s-! easterlies), thus mean charts
for the pre-AMEX month were taken to be
representative of the pre-monsoon onset synoptic
situation. After monsoon onset the 100 hPa wind
generally had an easterly component exceeding 15
m s-! while the 850 hPa wind shows two major
episodes of intensification and weakening of the
low-level northwesterly monsoon at Darwin, with
a third episode developing towards the end of the
period. Thus, 30-day mean charts for the period
15 January-15 February were used to describe the
AMEX period, which was considered to be
synoptically homogeneous, but containing
important temporal variability within the mon-
soon regime, which is examined in more detail.

Figure 3(a) shows the pre-AMEX period mean
sea level pressure (MSLP) analysis and Fig. 3(b)
the AMEX period MSLP analysis. Figures 4(a)

Fig. 2 (a) Three-day average of the average daily 850 hPa and 100 hPa zonal wind (m s-1) at Darwin for 2 December 1986-15 February
1987. (b) Three-day average rainfall at Darwin for 2 December 1986-15 February 1987.

20.00
oo 850 P2 —| (a)
100 hPa —

10.00~4

AVAY
N/ W,

T TS 1 2 7 %0 8 8 b 1718821202798 3 8D 0z

(b)
50.00
40.00-4
3 3000
20.00-4
10.00-1
o &"&"b"v'z'l'}v'n"z'l"z';"ﬁf_\”ia"'i"&"&"n‘z"-':"ﬁ’z'u"z’;" R MR I

Fig. 3 (a) Mean sea level pressure analysis for the period 14 December 1986-14 January 1987. Isobars in hectopascals. (b) Mean sea level

pressure analysis for 15 January-15 February 1987.
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and (b) give the pre-AMEX and AMEX period
950 hPa wind fields respectively. These analyses
were derived from the non-operational, but daily
running in real-time of the Davidson and
McAvaney (1981) objective tropical analysis*
scheme by the Darwin Regional Meteorological
Centre. These figures do not so much depict the
rapid onset of the monsoon (which can be seen in
Fig. 2) as they do the contrast in the large-scale
time-averaged flows prevailing before and after
onset. The most striking differences between the
two means are in the tropical and southern
hemisphere subtropical regions. In the tropical
region, the pressures have risen approximately 2
hPa over the South China Sea area and fallen
about 3 hPa over northwest Australia. Given that
the balance between wind and pressure fields in

the low latitudes is one where there is substantial
‘down gradient’ flow (Love 1985), then the
AMEX period MSLP chart is associated with a
stronger northwesterly monsoon flow than the
pre-AMEX period. This conclusion is supported
by examination of Fig. 3(b) in conjunction with
Fig. 4(b) which reveals a substantial cross isobaric
(northwesterly) flow in the latitude belt EQ-5°S,
between longitudes 110°E and 130°E.

In the pre-AMEX period there is evidence of a
blocking pattern affecting the Tasman Sea with a
ridge over New Zealand running northwest to the
Australian continent. During the AMEX period
the blocking pattern appears to have diminished
and a relatively zonal pattern has become estab-
lished, with much stronger mid-latitude
westerlies in the southern hemisphere in Fig. 4(b).

Fig. 4 (a) Mean 950 hPa streamline-isotach analysis 14 December 1986-14 January 1987. Isotachs in m s-1. (b) Mean 950 hPa

streamline-isotach analysis 15 January-15 February 1987.
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Fig. S (a) Mean 200 hPa streamline-isotach analysis 14 December 1986-14 January 1987. Isotachs in m s-1. (b) Mean 200 pHa

streamline-isotach analysis 15 January-15 February 1987.
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At 200 hPa the pre-AMEX period streamline
analysis (Fig. 5(a)) and the AMEX period analysis
(Fig. 5(b)) reveal that the subtropical jet in the
northern hemisphere remained at about the same
strength in the pre-AMEX and AMEX periods;
this is perhaps an unexpected occurrence, given
the advance of the northern winter and the onset
of the northwest monsoon. In the southern
hemisphere the subtropical jet moved south to
40°S and intensified. Other major changes in the
summer hemisphere were the position of the
anticyclone which migrated about ten degrees of
latitude southward at the time of monsoon onset,
and the split mid-latitude flow near New Zealand
which evolved into a broad trough that extended
into the Coral Sea. Cross-equatorial easterlies
increased in strength and extent over Australian
longitudes.

Figure 6(a) shows the pre-AMEX velocity
potential field at 200 hPa. Clearly evident are the
two foci of divergent outflow from convective
activity, one slightly to the west of Java (Indo-
nesia) and the other near 2°N 160°E. Figure 6(b)
shows the AMEX 200 hPa velocity potential field;
there is now one dominant focus of outflow from
convective activity, centred near Darwin. An
accepted difference (Webster 1983) between the
fields of convective activity in an El Nifio versus a
normal year is the splitting of the ascent branch of
the Walker circulation. In a normal year the
ascent occurs over Papua New Guinea, in an El
Nifio year it occurs over the equatorial Indian
Ocean and around the dateline in the equatorial
Pacific Ocean. Figure 6 thus shows that between
the pre-AMEX and the AMEX period there was a
transition from °‘El Nifio like’ conditions to
near-normal north Autralian monsoon con-
ditions. The presence of an El Nifio-type event
operating in the Australian/Pacific sector may be

further inferred from Troupe’s SOI!, which had
values of —16, -7 and -14 in the months of
December 1986 and January, February 1987,
respectively2. Such a transition is not inconsistent
with the findings of Holland (1986) who reports
that seasons with negative SOI'’s ‘tend to have
longer, or more, periods of easterly reversals’ (of
the 850 hPa winds) but, by implication, will have
periods of normal monsoonal activity.

Time variability of the monsoon

From the 850 hPa zonal wind component time
series (Fig. 2(a)) the onset of the monsoon (i.e. the
transition from easterly to westerly low-level
wind) may be said to have occurred on 14
January. There are two major peaks in the 8§50
hPa westerly winds on 21 January and on 1
February, with a secondary peak on 11 February
and a plateau of sorts being reached on 15
January. Further examination of Fig. 2(a)
suggests that the minima (maximum easterlies) in
the 100 hPa winds lead the maxima (maximum
westerlies) in the 850 hPa winds by 1 to 2 days at
the occurrence of the two major peaks. Such a
relationship does not appear to hold for the two
lesser points.

I Troup’s SOI (Southern Oscillation Index) is defined as the
Tahiti minus Darwin monthly mean pressure, normalised by
the standard deviation of the difference and multiplied by 10
(Troup 1965).

2 Darwin Tropical Diagnostic Statement, December 1986. 15
pp. Published by N.T. Regional Office, Bureau of Meteor-
ology, P.O. Box 75, Darwin, N.T. 5793.

Darwin Tropical Diagnostic Statement, January 1987 15 pp.
Ibid.
Darwin Tropical Diagnostic Statement, February 1987 14 pp.
Ibid.

Fig. 6 (a) 200 hPa velocity potential field 14 December 1986-14 January 1987. (b) 200 hPa velocity potential field 15 January-15 February

1987.
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Figure 2(b) shows the 3-day running mean of
the daily rainfall from Darwin. This time series
shows 2 major peaks coincident in time with the
two major points in the 850 hPa zonal wind time
series. These maxima represent the active phases
of the monsoon, while the minima are the break
phases. Comparison of the wind and rainfall time
series shows that rainfall commences prior to the
arrival of the westerly wind maxima, this occurs
as the cloud cluster embedded in the monsoon
trough to the north of Darwin caused rainfall at
Darwin prior to passage of the maximum in the
northwesterly stream through the station.

An appreciation of the large-scale nature of the
monsoon onset can be obtained from examin-
ation of the wind/rainfall time series from Gove
(Fig. 7) and Alice Springs (Fig. 8). At Gove (300
km to the east of Darwin) the 850 hPa zonal wind
changed from an easterly to a westerly on 14
January and the monsoonal rains commenced. At
Alice Springs (1600 km south of Darwin) the
upper westerly jet decreased in strength from
around 25 m s-! to O m s-! on 14 January as the
upper anticyclone associated with the monsoonal
trough moved southwards.

The enhanced3 high resolution infrared GMS
photograph at 0000UTC on the day of monsoon

onset (14 January) at Darwin is shown in Fig. 9. A
significant feature of this image is the northwest-
southeast oriented convective bands in the
monsoonal cloud mass. The passage of successive
such bands across the Top End produced the
observed peak in rainfall around the 14th in Figs
2(b) and 7(b). This situation, in which a series of
convective monsoonal bands accounted for high
rainfall totals at Darwin, differed from rainfall
observed in continental monsoon depressions
originating from stratiform cloud genera
(described by Love and Garden 1984; Davidson
and Holland 1987; and others). This phenomenon
is discussed in more detail later. The large area of
convection in Fig. 9 (around 12°S 127°E) was
associated with a weak tropical depression which
subsequently developed into tropical cyclone
Connie (Fig. 11(a)).

One measure of the strength of the northwest
monsoon is the pressure difference between
Darwin and Singapore. Figure 10(a) shows a
3-day running mean of this pressure difference.

3 The enhancement shown displays black body temperatures
colder than -75°C as white (surrounded by black). The grey
scale is at the top of the photograph.

Fig. 7 (a) Three-day average of the average daily 850 hPa and 100 hPa zonal wind (m s-1) at Gove for 2 December 1986-15 February 1987.
(b) Three-day average rainfall at Gove for 2 December 1986-15 February 1987.
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Fig. 8 (a) Three-day average of the average, daily 850 hPa and 100 hPa zonal wind (m s-1) at Alice Springs for 2 December 1986-15
February 1987. (b) Three-day average rainfall at Alice Springs for 2 December 1986-15 February 1987.
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Fig. 9 Enhanced high resolution infrared GMS photograph over Another measure of the strength of the northwest

the Top End at 0000UTC 14 January 1987; the day of monsoon is the total rainfall received over the
monsoon onset at Darwin,

northern portion of the Northern Territory.
Figure 10(b) shows a 3-day running mean of the
daily average rainfall from 16 stations (locations
in Fig. 1) in the Northern Territory. All major
pressure peaks, with the exception of that on 21
January, lead their counterparts in the rainfall
time series by one to two days.

Weather systems

In the pre-AMEX period there were no significant
tropical depressions within the longitude belt
110°E to 150°E. During the AMEX period there
were four tropical depressions which intensified
to tropical cyclone intensity (maximum winds
exceeding 17 m s-1). The tracks of these systems
are given in Figs 11(a) and (b). Each system was
first analysed as a depression in the morsoon
trough and moved westwards initially. Three of
the systems dissipated after landfall, while cyc-
lone Damien was ‘sheared off by upper
northeasterly winds and dissipated over the
Indian Ocean near 20°S 118°E.

Fig. 10 (a) Three-day running mean of the pressure difference (hPa) Singapore minus Darwin, 1 January-15 February 1987. (b) Three-day
running mean of daily average rainfall from 16 stations located over northern Australia, 1 January-15 February 1987.
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Fig. 11 (a) Preliminary tracks of tropical cyclones Connie and Irma. (Dotted track when a tropical depression; solid track when a tropical
cyclone. Dates and times UTC; central pressures in hPa.) (b) Preliminary tracks of tropical cyclones Damien and Jason.
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