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In the austral summer of 1973/74 Troup’s index of the southern oscillation (Streten
1983) showed its largest positive excursion since this record commenced in 1932. In
January 1974, tenth decile rainfall totals were recorded over a large proportion of
the Australian continent. The hemispheric flow anomalies of this January are ana-
lysed and it is demonstrated that the extreme, positive Southern Oscillation Index
(SOI) was in part due to the anomalous strength of the South Pacific subtropical
ridge. An examination of the Australian region monthly mean geopotential height
charts and station mean heights and winds reveals a deep monsoon low pressure sys-
tem to have been located over the Australian continent with a region of persistent
anticyclonic blocking in the Tasman Sea. A detailed analysis of one day revealed that
the anomalously strong southeast trades associated with the Tasman blocking were
an important feature in the maintenance of the monsoon low, providing an upslide

mechanism to sustzin the observed quasi-steady nimbostratus cloud mass.

Introduction

While the Indian monsoon has been the subject of
innumerable meteorological studies (one of the most
comprehensive being that of Rao 1976), the Aus-
tralian monsoon has received comparatively little at-
tention. The reason for this appears fairly obvious:
the Indian sub-continent falls within the area ex-
periencing the strongest monsoon circulation on
earth (Ramage 1971, p.3), the intensity (and conse-
quent rainfall distribution) of which is a matter of
life and death for many of the 690 million Indians.
The Australian monsoon is much more variable
(Ramage 1971) and perceived to be economically less
important to the 15 million or so Australians. Studies
by Falls (1970), Nicholls et al. (1982), and others have
begun to fill the knowledge gap.

The study by Nicholls et al. (1982) has shown that
at least one feature of the monsoon, namely the on-
set, is strongly tied to the Darwin pressure. As the
Darwin pressure field is highly related to the strength
of the Walker circulation (Bjerknes 1969) there are
reasons to believe that the intensity of the Australian
monsoon should be related to the strength of the
Walker circulation.

This paper presents evidence that the intensity of
the Australian monsoon in January 1974 was not
only related to synoptic features of the northern Aus-
tralian region, but also to features in the subtropi-
cal ridge extending eastwards from Australia to the
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southeast Pacific. In order to demonstrate the rela-
tionship between anomalies on the seasonal and
monthly time-scales and the hemispheric space-scale
with daily weather events, monthly mean regional
scale charts and daily, regional-scale synoptic
weather charts are all presented.

In the synoptic analyses of tropical weather
phenomena, two methodologies have been used in
the past with good results: case studies and compo-
site studies. Case studies are often performed using
data from special observing programs to overcome
the problem of data sparsity, where the image of the
weather event may otherwise become blurred. Com-
posite analysis overcomes similar data sparsity
problems by averaging many poorly-observed
weather events. While the composite approach
resolves the primary weather system well, there is in-
evitably some blurring of fine details as transient
weather systems in different relative locations and
phases of development are averaged together.

In this investigation both the case study and com-
posite study techniques have been used. A crude
form of the composite approach has been attempt-
ed through the examination of monthly mean charts.
The case study approach has been used through the
intensive study of individual days in January. In this
paper only results from one individual day are
presented, the day most closely resembling the
monthly mean conditions being selected.

No special observations, in addition to those rou-
tinely taken, were available for any period within the
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month of January 1974. Geostationary Meteorolog-
ical Satellite (GMS) imagery were not available.
Defense Meteorological Satellite Program (DMSP)
imagery from the USA were available (with some
gridding problems) as were microfilms of the US
orbiting-satellite imagery. All other data used in this
paper were obtained from the Australian Bureau of
Meteorology (Melbourne) archives unless otherwise
noted. All processing of data was performed
manually.

The hemispheric circulation anomalies
of January 1974

In the austral summer of 1973/74 Troup’s SOI (Stret-
en 1983), which is a measure of the monthly mean
pressure gradient between Darwin and Tahiti nor-
malised by the long-term mean gradient, reached an
all-time high of 34 in November 1973, indicating the
Walker circulation (Bjerknes 1969) was extremely
strong. The January rainfall (decile distribution)
chart (Fig. 1) shows a large proportion of Australia
receiving amounts in the tenth decile. These data sug-
gest that the influence of the convectively-driven
ascending branches of the Walker and Hadley cir-
culations was stronger than usual over Australia at
this time.

Figure 2 shows the mean sea level (MSL) pressure
anomaly chart for the southern hemisphere for Janu-

ary 1974. In the mid-latitudes the anomaly pattern
appears predominantly wavenumber two in struc-
ture, with anomalous ridging over the Pacific and
Indian Oceans and troughing over the Australian
continent and to the southwest of the South Ameri-
can continent. Figure 2 also shows the Australian
region negative pressure anomaly to be located over
central Australia near Alice Springs, well removed
from Darwin. There is a positive pressure anomaly
over the Tasman Sea. This anomaly extends east-
wards to the Tahiti area which is generally the high
pressfre end of the Walker cell. The strength of
Troup’s SOI at this time is as much due to high pres-
sures at Tahiti (2.2 mb above normal) as to low pres-
sures at Darwin (2.2 mb below normal). Examina-
tion of synoptic charts for January indicates the Tas-
man anomaly was due to persistent blocking anticy-
clonic activity in the area.

Figures 3 and 4 respectively show the January 1974
500 mb and 200 mb geopotential height anomaly
charts for the southern hemisphere during January
1974. These charts show a similar pattern to that seen
in Fig. 2. The Tasman sea positive anomaly slopes
slightly to the southwest with height and the nega-
tive anomaly over the Australian continent slopes
northward with height. These aspects suggest the
Tasman feature is related to the mid-latitude circu-
lation pattern and the Australian continental feature
to the tropical circulation.

Fig. 1 The January 1974 Australian rainfall decile distribution.
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Fig. 2 The January 1974 MSL pressure anomaly field for the southern hemisphere (units: mb).
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Fig. 3 The January 1974 500 mb geopotential height anomaly field (units: gpdm).
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The Australian region mean charts
for January 1974

The mean monsoon circulation over the Australian
continent during January 1974 is illustrated by the
sequence of monthly mean geopotential heights and

by station monthly mean winds through the
troposphere. On the January 1974 mean MSL pres-
sure chart (Fig. 5) the 850 mb mean winds have been
plotted. Other levels presented are 700 mb (Fig. 6),
500 mb (Fig. 7), 200 mb (Fig. 8), and 150 mb (Fig. 9).
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Fig. 5 The monthly mean MSL field and 850 mb level
station mean winds — January 1974 (units: pres-
sure in mb, wind speed in knots as given by the
wind flag).
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Fig. 6 The 700 mb geopotential height field and station
mean winds — January 1974 (units: height in gpm,
wind speed in knots).

At the surface the monsoon system is marked by
an east-west trough near 20°S, the lowest pressure
(998 mb) is near 128 °E. Over the Tasman Sea the
northern portion of the mean blocking anticyclone
is apparent. At 700 mb the synoptic situation close-
ly resembles that at the surface. A secondary low ap-
pears in the monsoon trough near Cloncurry. The
area to the northeast of Cloncurry received exceed-
ingly high rainfall totals for January 1974 (of the ord-
er of 850 mm) as it was situated in the convergent,
monsoonal, northwesterly stream flowing from the
Gulf of Carpentaria, where the sea surface temper-
atures were of the order of 32°C.

Fig. 7 As for Fig. 6, except 500 mb.
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Fig. 8 As for Fig. 7, except 260 mb.
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Fig. 9 As for Fig. 8, except 150 mb.
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At 500 mb the monsoon trough is no longer dis-
tinguished by cyclonic circulation centres and the
Tasman ridge of high geopotential heights extends
westward over the Australian continent. At 200 mb
the anticyclonic centre is located over Alice Springs
while the greatest geopotential height anomalies at
this level are to be found in the area south of Tas-
mania (see Fig. 4). At 150 mb the flow/height pat-
tern resembles that at 200 mb. However the winds
to the north of the anticyclone are 80 to 100 per cent
greater at this higher level, suggesting that this is the
region of maximum outflow from the monsoon
_ circulation.

Fig. 10 Daily weather maps at 0900 EST (23 GMT) 19 to
23 January 1974. Dates are ringed in the left- hand
corner of each map.

Some of the day-to-day variation of the
January 1974 monsoon

A five-day sequence of MSL pressure charts (Fig.
10) shows a typical sequence of events in the Aus-
tralian region during January 1974. The most con-
servative feature of this sequence is the low pressure
system of about 996 mb near 22°S 128 °E. In the
Coral Sea, during the month of January 1974, the
tropical cyclone activity was far greater than usual
(Lourensz 1981). Tropical cyclones continually
formed in the oceanic extension of the monsoon
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trough and propagated southeastwards, quickly en-
countering the upper westerly ouflow of the con-
tinental monsoon. These systems typically had wind
speeds of the order of 20 to 30 m s™!, that is, at the
lower wind speed end of the tropical cyclone range.
A notable exception to this movement trend was
tropical cyclone Wanda which moved southwest-
wards, giving rise to the Brisbane floods of 1974
(Bureau of Meteorology 1974b).

During January 1974, in the mid-latitudes, wester-
ly troughs generally amplified into the Great Aus-
tralian Bight/Western Australian longitudes and then
rapidly slipped south. Bursts of relatively cold air
associated with the anticyclones in the wake of these
systems moved through the Great Australian Bight
into the Tasman Sea and reinforced the quasi-
permanent high pressure cell located there. The se-
quence of charts (Fig. 10) shows the slow southeast-
ward movement of the Tasman high and then
retrogression and reinforcement as the Bight
baroclinic trough systems move southeastwards to
the west of Tasmania.

The monsoon at 00 GMT on
20 January 1974

To complete the ‘snapshot’ of the monsoon of Janu-
ary 1974, 00 GMT data for each of the five days
described briefly above were analysed. Cross-sections
of thermal and dynamic fields were prepared and the
wind fields re-examined using equivalent potential
temperature (6,) as the vertical coordinate. Equiva-
lent potential temperature was selected for the rea-
sons noted by Namias (1940): the equivalent poten-
tial temperature is the thermodynamic quantity most
nearly conserved by a parcel in the moist tropics.

Comparison of analyses on each of the five in-
dividual days examined above with the January 1974
monthly means, at all levels through the atmosphere,
revealed that conditions at 00 GMT on 20 January
most closely matched those of the means. An indi-
cation of this may be obtained by comparing Fig.
5 with Fig. 10. Accordingly, the analyses of this day
are presented as being in some way typical of the
steady-state monsoon of January 1974, without
suffering from the problem of smoothing out the mo-
bile, transient features (such as tropical cyclones and
fronts) which occurs in the analysis of mean and
composite data.

Cross-section analyses

Cross-sections have been prepared showing the var-
iation of divergence, relative vorticity, and temper-
ature anomaly along a vertical cross-section from
Willis Island to Geraldton. This line and nearby
rawinsonde stations are shown on Fig. 11. The rela-
tive vorticity and divergence values were calculated
using a simple finite difference expression for data
subjectively interpolated to a 5° (latitude) square
grid. This interpolation was done using re-analysed
Darwin Regional Meteorological Centre (RMC)

charts. Temperature anomalies were obtained by
subtracting the long-term means of Maher and Lee
(1977) from the observed values.

Figure 12 shows the vorticity cross-section for 00
GMT on 20 January. Four low-level cyclonic vor-
ticity centres are evident: the 700 mb monsoon cir-
culations near Cloncurry and Alice Springs, a shal-
low surface trough near Giles, and the tropical cy-
clone near Willis I. Over the Australian continent
the relative vorticity changes sign around 300 mb
with the anticyclone circulation most marked above
Giles at the 130 mb pressure level. '

Figure 13 shows the divergence cross-section for
00 GMT on 20 January. Two low-level convergence
maxima are evident: the 700 mb centre between
Townsville and Cloncurry (coincident with the area
of heavy rainfall) and along the surface trough near
Giles. Divergent flow from the monsoon trough
region is maximised around 180 mb, with the level

Fig. 11 The ‘line’ and nearby stations used in the cross-
section analysis.
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Fig. 12 The vertical cross-section of relative vorticity at
00 GMT on 20 January 1974 (units: 10-6s-1),
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