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A synoptic overview is presented of the tropical circulation between 70°E and the
dateline during the southern hemisphere summer months of November 1986 to

April 1987.*

Analyses of upper and lower tropospheric flows, sea surface temperatures, and
cyclone tracks during the period are discussed, together with rainfall data over the

Australian region.

In the Darwin Regional Meteorological Centre area of responsibility, the weaker
than normal monsoon circulation and below average northern Australian rainfall is
linked to an El Niiio warm event and negative values of the Southern Oscillation

Index throughout the period.

Introduction

This climate summary discusses the tropical
circulation in the Darwin Regional Meteorologi-
cal Centre’s (RMC) area of responsibility, that is,
from 70°E to the dateline. The emphasis of the
paper has been to identify circulation features
that were significantly different from the long-
term mean flows, seek out correlations between
these anomalies and other measurable deviations
from normal, and where possible, to specify the
implications of the anomalies as they relate to
regional climate.

The time-period used here is that of the
southern hemisphere summer (from November
1986 until April 1987), with particular reference
to January and February — the peak of the
monsoon.

After alook at Southern Oscillation Index (SOI)
values during this period, a broadscale overview
of the monsoon circulation and its anomalies will
be given, followed by discussions of sea surface
temperature (SST) analyses, tropical cyclone
tracks, and north Australian rainfall. In con-
clusion, these phenomena will be considered
together in an attempt to find correlations

*The time intervals that these summaries cover have been
changed to better represent the austral ‘winter’ and ‘summer’
seasons, viz. May-October and November-April.

between them.

Mean wind analyses were derived from the
Bureau of Meteorology’s automated tropical
analysis scheme (Davidson and McAvaney 1981)
which produces 12-hourly real-time univariate
analyses from rawinsonde, aircraft and satellite-
observed upper wind measurements.
Climatological means were derived from those
published by Atkinson and Sadler (1970), and
Sadler (1975). The wind anomaly charts which are
used herein were prepared from the above.

The SST anomaly analyses were produced
manually from ship and satellite SST data
compared with mean data from Reynolds
(1983).

Monthly mean sea level (MSL) pressure data at
standard land stations were extracted from rou-
tinely received messages, and pressure anomalies
calculated; over data-sparse areas south of 10°S,
the anomaly fields generated from Melbourne
World Meteorological Centre objective MSL
pressure analyses were employed and blended
with these data. '

In order to set the scene for subsequent
discussions of anomalous flows, we should briefly
describe the normal structure of the monsoon
circulation in the Darwin RMC area of
responsibility.
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Climatologically, the broad features of the
large-scale flow over the tropical area of the
Darwin RMC analysis domain during the
southern hemisphere summer months may be
briefly described by referring to the long-term
mean 950 hPa chart (Fig. 1) and the long-term
mean 200 hPa chart (Fig. 2) for February.

At the 950 hPa level in the southern hemi-
sphere, the monsoon trough marks a clear shear
zone between southeasterly trade flow from
mid-latitudes and a moist northwesterly
monsoonal stream from the northern hemisphere.
The trough lies near 10°S over the Indian Ocean,
then is displaced southwards over the Australian
continent before maintaining a latitude of about
14°S over the Coral Sea. The monsoon
northeasterlies in the northern hemisphere ema-
nate from the subtropical ridge located between
20°N and 30°N.

In the upper troposphere (Fig. 2), the southern
hemisphere ridge broadly overlies the low-level
monsoon trough. Southeasterly ‘return flow’ ema-
nates from this feature and represents the upper
part of the Hadley cell. The northern (winter)
hemisphere’s subtropical jet stream lies near 30°N

and can be seen to be considerably stronger than
its southern (summer) hemisphere counterpart.

Southern Oscillation Index

Berlage (1966) and Troup (1965) showed that
pressure anomalies at Darwin and Tahiti are
linked to the Southern Oscillation. The SOI is
measured in the Darwin RMC utilising the
following formula:

SOI = (AP (Tahiti) — AP (Darwin)) x 10/c. ..1

where AP (Tahiti) is the monthly MSL pressure
anomaly at Tahiti, and AP (Darwin) is that at
Darwin; o is the standard deviation of the
long-term monthly mean pressure difference.

Monthly values of the SOI between January
1982 and April 1987 are shown in Fig. 3. This
figure includes the El Nifio warm event of 1982
which can be compared with the late 1986/early
1987 period.

Although little persistent variation from zero
occurred between May 1983 and October 1986,
the SOI became negative from November 1986.
This reduction of the SOI resulted from changes

Fig. 1 Climatological mean 950 hPa streamline analysis for February, after Atkinson and Sadler (1970).
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Fig. 2 Climatological mean 200 hPa streamline analysis for February, after Sadler (1975).

in the Walker circulation (see Bjerknes 1969; Fig. 3 Monthly values of the Southern Oscillation
Troup 1961; Bjerknes 1970) in response to the Index between January 1982 and April 1987.
onset of an El Nifio warm event. The associated
lower and upper-level tropospheric wind 20
anomalies over the tropical west Pacific, will be
discussed later in this climate summary. 10 - aﬂ
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Fig. 4 950 hPa vector wind anomaly charts for
November 1986 to April 1987.

These charts show an anticyclonic anomaly
shear line over the Indian Ocean at 5°S (Fig. 4(a))
which moves to its extreme southerly position at
18°S in February (Fig. 4(d)) before moving
northwards again. This shear line persisted
throughout the period and approximately fol-
lowed the position of the monsoon trough (see
Fig. 7). The large area of westerly anomalies south

of the shear line implies that the southeasterly
trade winds were weaker than normal, which
continues the trend of the preceding austral
winter season (Kingston et al. 1987) while the
generally easterly anomalies to the north of the
shear line suggest a weaker than normal
northwesterly monsoon. This indicates that the
monsoon trough had less cyclonic vorticity than
normal.

Figures 4(c) and (d) which correspond to
January and February, show a weakening of these
easterly anomalies. McBride and Nicholls (1983)
have studied the relationship between rainfall in
the Australian region and the Southern Oscil-
lation. After analysing 42 years of rainfall data,
they found that El Nifio warm events were
significantly correlated with measurable changes
in rainfall distribution over the Australian conti-
nent. They also noted that the broadscale
anomaly pattern due to El Nifio effects partially
broke down during the southern hemisphere
months of December to February, but
strengthened again in March and April. This
appears to have been the case in 1986/87. Rainfall
data presented later in this paper will support this.

The 950 hPa wind anomalies over the western
Pacific Ocean reflect changes to the Walker
circulation consistent with the onset of an El Nifio
warm event. The zonal Walker circulation as
described by Bjerknes (1969) is thermally driven
by SSTs along the equatorial Pacific belt and
normally has an upward leg near 160°E. The
Walker circulation responds to El Nifio produced
SST changes in the equatorial Pacific by shifting
eastwards (see Bjerknes 1970; Julian and Chervin

Fig.5 950 hPa vector wind anomaly chart averaged over
the November 1986 to April 1987 period.
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1978). The associated eastward displacement of
the Walker circulation’s upward leg reduces
convective activity between 160°E and 180° while
enhancing convection just east of the dateline
(Krueger and Gray 1969). This has the effect of
shifting the South Pacific Convergence Zone
(SPCZ) eastward. Figure 5 clearly shows westerly
wind anomalies in the west Pacific equatorial
region, and is consistent with greater than normal
low-level convergence just east of the dateline.
The effect of this on tropical cyclone genesis in the
southwest Pacific between November 1986 and
April 1987 will be discussed later.

Figure 5 shows broad anomalous southwest to
northwesterly flow anomalies over the South
China Sea and the Bay of Bengal, implying a
weaker than normal northeasterly trade flow in
these regions.

The persistent anomalous easterly flow
immediately south of the equator between 80°E
and 150°E is consistent with a weaker than
normal northwesterly monsoonal stream.

Figure 6 shows MSL pressure anomaly charts
for the months November 1986 to April 1987.

Large areas of positive pressure anomalies
persisted over tropical oceanic regions west of
160°E. The patterns are consistent with a weaker
than normal monsoon flow west of 160°E.

Figure 7 shows actual and mean positions of the
monsoon trough and the northwest Australian
heat trough between November 1986 and April
1987. The long-term mean positions were taken
from Sadler et al. (1987a, 1987b). The positions of
the heat trough were close to the mean but the
positions of the monsoon trough were generally
north of the mean. Thus, in addition to the weaker
than normal nature of the monsoon trough during
the 1986/87 southern hemisphere summer, it did
not progress as far south as climatological means
would predict.

Upper tropospheric (200 hPa) flow

Figure 8 shows a 200 hPa vector wind anomaly
analysis, averaged over the period from Novem-
ber 1986 to April 1987. Five features stand out
from this chart.

The northern hemisphere mid-latitude
westerlies were stronger than normal, and west-
erly wind anomalies prevailed over the tropical
Indian Ocean. A cyclonic anomaly persisted near
20°S in the southern Indian Ocean where the
southern hemisphere subtropical ridge would
normally lie (see Fig. 2). Anomalous easterly flow
was evident over the tropical western Pacific
Ocean and a pair of anticyclonic anomalies were
centred near 20°N and 20°S east of the
dateline.

Arkin (1982) has studied upper tropospheric

Fig. 6 Monthly MSL pressure anomaly'charts for
November 1986 to April 1987 (contour interval
1 hPa).
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analyses taken from 11 years of data from the

United States National Meteorological Center’s

operational tropical analyses, and showed that

composites prepared during El Nifio events

revealed anomalous anticyclonic circulations in

the central Pacific. In addition, anomalous
-
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Fig. 7 Mean monsoon and northwest Australian heat
trough position charts for the period from
November 1986 to April 1987. (Long-term mean
after Sadler et al. 1987.)

Legend: Climatological mean monthly monsoon
trough position _
Mean monthly monsoon trough position

Climatological mean monthly heat trough
position -
Mean monthly heat trough position ... .... ....

Fig.8 200 hPa vector wind anomaly chart averaged over
the November 1986 to April 1987 period.
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casterlies were evident over the tropical west
Pacific during the southern hemisphere winter
following SST warming along the South American
coast. He also found a significant strengthening of
the northern hemisphere jet stream during these
El Nifio years. Selkirk (1984), in a similar study,
related the anticyclonic anomalies over the cen-
tral Pacific to greater than normal upmotion in
the region in response to warmer SSTs. The
proposed enhanced meridional Hadley circu-
lation over the central Pacific is consistent with
the southeast to southwesterly anomalies seen
over the northwest Pacific in our Fig. 8. Further-
more, the enhanced poleward angular momentum
transport in this region is probably responsible for
the stronger than normal northern hemisphere
subtropical jet stream.

In Indian Ocean longitudes on the other hand,
the upper tropospheric part of the monsoon
circulation was weaker than normal. The cyclonic
anomaly over the southern Indian Ocean in Fig. 8
is coincident with the upper ridge. This fact,
together with the almost non-existent low-level
monsoon trough in this area and the westerly
upper wind anomalies over the Bay of Bengal,
suggest a very poorly developed monsoon circu-
lation in these longitudes.

Sea surface temperatures

Figure 9 shows a SST anomaly analysis for the
six-month period from November 1986 to April
1987. This anomaly analysis was derived from
ship and satellite SST data compared with mean
SST data from Reynolds (1983).






