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A synoptic analysis is presented of the tropical circulation between the longitudes 70°E
and 180° for the southern hemisphere winter of 1986. From data analysed it is inferred
that during this period the tropical Hadley Cells were weaker than normal with their
foci of ascent and descent displaced eastwards from the climatologically normal
positions. The changed large-scale circulation was associated with significant
variations in regional climate: central Australia experienced record winter-time
rains, a 28-year minimum in tropical cyclone numbers was observed in the northwest
Pacific Ocean and the rainfall over the Indian subcontinent was below normal for the

southwest monsoon season.

Introduction

This paper discusses the circulation anomalies that
occurred in the tropical portion of the area of responsi-
bility of the Darwin Regional Meteorological Centre
(RMC). The emphasis of the paper has been to identify
circulation features that are significantly different from
the long-term mean flows and, where possible, to
specify the implications of these anomalies as they
relate to regional climate.

The analysis focuses on the area equatorward of
latitude 20° between longitudes 70°E and 180°, and the
time period covering the southern hemisphere ‘winter’
of April to September 1986 with a concentration on the
months June, July and August (JJA). Initially the large-
scale flow anomalies within the RMC area are exam-
ined and then three regional features: the southwest
monsoon over India, the tropical storms and typhoons
in the northwest Pacific Ocean, and the northwest
Australian cloudband are analysed in some detail.

The data base used in the analyses was derived from
three sources: plotted and manually-analysed surface
and upper air charts prepared in the Darwin RMC,
imagery from the Japanese Geostationary Meteorolo-
gical Satellite (GMS), and the output (including derived
fields and diagnostics) from an automated tropical
analysis scheme (Davidson and McAvaney 1981).

The broad features of the large-scale flow over the

tropical area of the Darwin RMC analysis domain
during the southern hemisphere winter months may be
briefly described by referring to the 950hPa and 200
hPa level mean streamline charts for July 1986 (Figs 1
and 2). The analyses are typical of the period May to
September.

At the 950 hPa level (Fig. 1) in the northern hemi-
sphere the monsoon trough is located over the southeast
Asian landmass and extends eastward at lower latitudes
from Luzon in the Philippines into the equatorial west
Pacific Ocean. In the southern hemisphere the subtro-
pical ridge lies along the latitudes of continental Aus-
tralia. Stable and ‘dry’ southeast trade winds flow
equatorward, where they turn southwesterly and form
the moist, unstable current that flows into the monsoon
trough. To the north, easterly trade winds from the
Pacific anticyclone converge into this trough.

At the 200 hPa level (Fig. 2), the northern hemi-
sphere subtropical ridge approximately overlays the
Asian monsoon trough, while over the Pacific the upper
ridge is about 10° north of the Tropical Upper Tropo-
spheric Trough (TUTT) (Sadler 1975), with the sub-
equatorial ridge to its south. A strong northeasterly
return flow streams across the equator and around the
southern hemisphere upper ridge, where it merges with
the winter-time jet stream westerlies.
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Fig. 1 Mean 950 hPa streamline and isotach analysis for July 1986 (isotachs in m/s).

The tropical circulation-winter 1986

Figure 3 shows the mean sea surface temperature (SST)
anomaly chart for JJA 1986. The analysis is derived
from weekly composite analyses of ship and satellite
SST observations which arc combined to yicld a
monthly analysis from which anomalies are computed
using the means of Reynolds (1983). The JJA chart was
then produced by averaging the 3 one-month anomaly
charts. The dominant feature of the SST over the
tropical region between 20°N and 20°S during the JJA
period of 1986 was the extensive area of positive ano-
maly in the Indo-Australian area, with the very warm
SST in the Coral Sea. The dipolar pattern, with a

positive anomaly in the Coral Sea and a negative ano-
maly near the dateline, resembles the August-October
antecedent SST condition (for an El Nino) anomaly map
presented by Rasmusson and Carpenter (1982).

Figure 4 shows the JJA mean sea level (MSL) pres-
sure anomaly chart. Perhaps the most notable feature is
the broad area of lower than normal pressure through-
out the tropical region which extends poleward to the
weaker than usual subtropical ridge high pressure
systems. Nicholls (1979) has shown that negative pres-
sure anomalies over the Australian continent lead to a
decrease in the strength of the prevailing easterly winds
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Fig. 2 Mean 200 hPa streamline and isotach analysis for July 1986 (isotachs in m/s).

through the Indonesian and Papua New Guinea archi-
pelagoes and, in the case of no other complicating
effects, to positive SST anomalies in that area. The
1986 JJA anomalies appear to confirm Nicholls’s
observation.

Figure 5 shows the 950 hPa vector wind anomaly
charts for the months April through to September
(analysed wind fields from the automated analysis
scheme, long-term means from Atkinson and Sadler
1970). These charts show large areas of westerly wind
anomaly in the southern hemisphere where the south-
east trades are the prevailing wind regime. These pat-
terns are consistent with the inferences above which
linked SST anomalies with the strength of the sub-

tropical ridge, since the correspondingly weaker
easterly wind regime is associated with warmer SST.

A consequence of the weakness of the southern
hemisphere southeast trade winds was that the observed
low-level winds over the Australian continent were of a
more easterly (i.e. tropical) origin, rather than the
long-term mean southerly, consistent with the observa-
tion by Darwin RMC forecasters (and noted in Darwin
Tropical Diagnostic Statements*), that in 1986 the
surges in the southern hemisphere trades did not pene-
trate as far north as they normally do in winter. By

*Darwin Tropical Diagnostic Statements issued monthly by
Darwin RMC. (Published by NT Regional Office, Bureau of
Meteorology, PO Box 735, Darwin, NT 5794.)
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Fig. 3 SST anomaly chart for June, July and August 1986 based on the climatology of Reynolds (1983) (isotherm interval
1°C).

contrast, stronger than normal southerlies prevailed
over the Indian Ocean between 80°E and 90°E, and over
the southwest Pacific. Consistent westerly anomalies
over the equatorial Pacific in the northern hemisphere
imply a stronger than average current to the south of the
monsoon trough, but weaker trades to the north.
Easterly anomalies over India correspond to a weaker
Indian monsoon flow than in the mean.

At 200 hPa (Fig. 6), significant cyclonic westerly
anomalies over the Australian sector indicate the influ-
ence of vigorous baroclinic upper trough penetrations
well into the southern hemisphere tropics. In conjunc-
tion with the tropical northeasterly wind anomalies east
of 130°E, stronger than normal cross-equatorial upper

flow was induced which provided a middle and high-
level moisture channel over northern Australia. Also of
note was the weak TUTT. For the 1986 season, the
TUTT was poorly developed and much less extensive
than in the long-term mean (where it extends westwards
from the mid-Pacific to the Philippines —cf. Fig. 2). The
role of the TUTT in initiating tropical cyclone genesis
is well known (Sadler 1976), and its inactivity during
1986 may have contributed to the far below average
number of northern hemisphere cyclones for the sea-
son. Furthermore, the associated absence of a pro-
nounced subequatorial ridge probably contributed to
the strength of the northeast wind anomalies across the
equator.
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Fig. 4 MSL pressure anomaly for June, July and August 1986 based on CLIMAT messages, blended with Melbourne WMC
data in data sparse areas south of 10°S (isobar interval 1 hPa).

Interhemispheric interactions

For the JJA period in 1986 a mean equatorial cross-
section of meridional wind was prepared (Fig. 7(a)). For
comparison with a long-term mean, Fig. 7(b) was
adapted from Newell et al. (1972). When interpreting
Fig. 7(a) it should be noted that the level of maximum
wind near 200 hPa reflects the bias of satellite cloud
winds which are nominally assigned to this fixed level.
Comparison of GMS-derived cirrus winds with rawin-
sonde observations suggests that in the deep tropics a
pressure level around 150 hPa would have been a more
appropriate level assignment.

The most notable difference between Figs 7(a) and
7(b) is in the strength of the northerly component east of
120°E in the upper levels. There is also a corresponding
increase in the underlying southerly wind atlow levels,
supported by the vector wind anomalies along the
equator in Fig. 5. It is interesting that these stronger
southerly winds cannot be attributed to the cumulative
effect of southern hemisphere surges, but rather to the
stronger southwesterly flow into the Pacific monsoon
trough.
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Fig. 5 950 hPa vector wind anomaly charts for April to September 1986.
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