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A synoptic overview of the tropical circulation between 70°E and the dateline is
presented for the period May to October 1987, encompassing the northern summer
monsoon and the southern hemisphere winter. Analyses of upper and lower
tropospheric flow, sea surface temperature, cyclone tracks, circulation indices and
rainfall data over South-East Asia, India and Australia are discussed.

A moderate El Nifio warm event in its declining phase appeared to exert a broad
influence over the area during the period. The ascending arm of the Walker cell was
displaced eastward to the dateline. Summer monsoon onset over India and Asia was
late and weaker than normal. Monsoon rainfall was well below normal. Winter
rainfall over Indonesia, Papua New Guinea and parts of the southwest Pacific was
suppressed. On the other hand, cyclone activity in the northwest Pacific was
average, although the area of genesis was displaced eastward. Low-frequency
oscillations in the 30 to 50-day mode were found to be distinct in the pressures and

upper winds of South-East Asia and the west Pacific.

Introduction

This paper is the third in an ongoing series of
seasonal climate summaries of the tropical circu-
lation within Darwin Regional Meteorological
Centre’s (RMC) area of responsibility (70°E-
180°). Empbhasis is focussed on the area between
20°S and 20°N. The time-period encompasses the
boreal summer monsoon and the austral winter.
The aim of the review is to diagnose significant
circulation anomalies from long-term mean
climatology and identify their impact upon
regional climate. Aspects of the mean lower and
upper-level flow are first discussed and an
overview of the 1986/87 El Nifio-Southern Oscil-
lation (ENSO) or warm event is presented.
Large-scale anomalies of sea surface temperature
(SST), pressure and wind during May-October
1987 are then described in the context of the
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moderate ENSO episode that prevailed. Finally, a
number of regional features are discussed: trop-
ical cyclone activity, the monsoon and rainfall
over South-East Asia and India, and Australian
rainfall. ,

Mean wind analyses and derived fields are from
the non-operational but real-time automated
tropical analysis scheme (Davidson and
McAvaney 1981) run by Darwin RMC. Vector
anomalies are from climatological mean winds
presented in Atkinson and Sadler (1970) and
Sadler (1975). SST analyses are based on manu-
ally drawn charts using ship and satellite data.
Weekly analyses stored in 5°x5° grid-point form
were used to generate monthly mean fields;
anomalies are departures from the SST clima-
tology of Reynolds (1983).
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For the discussion of the southwest monsoon
over South-East Asia, winds used in time-series
and cross-sections were derived from plotted and
manually analysed surface and upper air charts
prepared by the Malaysian Meteorological
Service. Rainfall data for Singapore and Thailand
were supplied by the Meteorological Services of
the two countries. Malaysian rainfall and upper
air data were extracted from monthly abstracts
published by the Malaysian Meteorological
Service. Rainfall data for Indonesia and the
Philippines were extracted from synoptic
messages.

As background to the anomaly fields presented
herein, broad features of the large-scale flow will
be briefly noted. Figure 1 shows the long-term
mean six-month May to October low-level (950
hPa) flow. Wintertime southeast trade winds flow
equatorward from the southern hemisphere sub-
tropical ridge located along 30°S. The mean South
Pacific convergence zone (SPCZ), indicated by
cross-hatching, stretches from the Solomon
Islands to 10°S, 180° and beyond the dateline.
This is an area of weak streamline confluence but
significant downstream speed convergence. West
of Papua New Guinea, southeast trades turn along
the near-equatorial trough and form the
southwest monsoon current flowing towards the
summertime monsoon trough (from northern
India to east of the Philippines). On a monthly
basis, the monsoon trough does not extend into
the northwest Pacific until July, although the
trade wind intertropical convergence zone (ITCZ)
to the east is well defined during the whole period.
The Asian monsoon trough is furthest north (into
central China) during July-August, and migrates
rapidly equatorward to 10°-15°N during October.
Easterly winds from the Pacific anticyclone
decline in strength after May-June.

Fig. 1 Climatological mean 950 hPa streamline
ayalysis for May-October (after Atkinson and
Sadler 1970). Hatched area represents the South
Pacific convergence zone. Isotachs in m s-!.
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In the upper levels (200 hPa, refer Fig. 2), the
northern hemisphere subtropical ridge overlays
the Asian surface trough. The tropical upper
tropospheric trough (TUTT) along approximately
20°N extends to 140°E during its most active
months of June-September. The subequatorial
ridge lies southwest of the TUTT and, on average,
its axis lies north of the surface trough/ITCZ.
Major centres of outflow are located over
Bangladesh and the Solomon Islands. Strong
northeast cross-equatorial flow streams from the
northern to southern hemisphere. The winter
subtropical jetstream is much stronger and more
extensive than its summer hemisphere
counterpart.

Fig. 2 Climatological mean 200 hPa streamline analy-
sis for May-October (after Atkinson and Sadler
1970). Isotachs in m s!.
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The Southern Oscillation

Many observational and modelling studies have
shown that significant correlations exist between
ENSO events and broadscale circulation
anomalies, especially in the Pacific and eastern
Indian Oceans (e.g. Selkirk 1984). In particular,
ENSO warm events are well correlated with
negative excursions of the SOI.

Values of the Troup SOI (Troup 1965) between
May and October 1987 are listed in Table 1
(earlier values of SOI from January 1982 were
graphed in Dixon et al. (1988)). The trend
towards zero during the period (from a minimum
of -22 in April 1987) suggests a corresponding
decline in the life cycle of the ENSO event. This
conclusion is confirmed by the behaviour of other
circulation parameters during the period.

Table 1. Troup’s Southern Oscillation Index (1987).

Month May Jun Jul Aug  Sep Oct
sor -20 -18 -18 -13 -11 -7
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Figure 3, showing a graph of normalised
Darwin pressure anomaly from May 1986 to
March 1988, places the 1986/87 event in perspec-
tive. This index, calculated as a three-month
running mean with each month normalised by the
standard deviation, is highly correlated with
Troup’s SOI. Graphs of the same index for the
extreme warming of 1982/83, and for the six-
event composite from Rasmusson and Carpenter
(1982) are provided for comparison. For the
latter, note that all six events displayed the same
phase with respect to the seasons, so compositing
was done by simple averaging of corresponding
months. Numbers on the composite curve denote
the five successive phases of central and eastern
Pacific SST anomalies (antecedent, onset, peak,
transition and mature).

Fig. 3 Darwin normalised pressure anomaly (three-
month running mean) during ENSO events.
Heavy solid line (after Rasmusson and Carpen-
ter 1982) is for the classical six-event composite;
numbers 1-5 identify antecedent, onset, peak,
transition and mature stages respectively. Thin
solid line is for 1986/87 event, peaking in 1987.
Dashed line is for 1982/83 event, peaking in
early 1983.
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The amplitude of the composite curve is
smallest, being an average of three major and
three minor events. The amplitude of the 1986/87
curve exceeds two standard deviations, which
suggests this event should be described at least as
moderate. Wagner (1987) referred to it as ‘moder-
ately strong’.

Another major feature of Fig. 3 is the six-month
phase displacement of the 1986/87 curve. Here
the index peaks during March/April cf. August/
September in the composite. Therefore any
comparison of anomalies with the Rasmusson
and Carpenter (1982) composite involves a
background flow in 1986/87 that is half a year out
of step with the composite background. This
effect is exacerbated west of the dateline where
major seasonal flow reversals take place in
association with onset of the Asian monsoon.

It is unclear whether or not comparing
anomalies under these circumstances is valid.
Selkirk (1984) calculated seasonally stratified
correlations of zonal and meridional 200 hPa
wind anomaly with SOI, revealing that while
strong correlations existed over the Darwin RMC
area during September-February, generally
weaker correlations were evident during the
months March-August. This suggests that the
above comparison of anomalies may not be valid;
certainly, some difficulty occurred in reconciling
three-month means during May to October 1987
with the composite ENSO.

Trenberth and Shea (1987) have noted that in
earlier 30-year periods of SOI the tendency for El
Nifio events to show the same relative phase does
not always occur. The secular SOI time-series is
therefore an aperiodic one. It is perhaps unfortu-
nate that the influential Rasmusson and Carpen-
ter composites coincided with a period when the
phases tended to match. Subsequent events
(1982/83 and 1986/87) both deviated noticeably
from the composite model.

Tropical circulation — May to
October 1987

MSL pressure and sea surface temperature
Mean sea level (MSL) 0000 UTC pressure
averaged over the six-month period, and mean
MSL pressure anomaly charts, are shown in Figs
4(a) and (b). The absence of a 0000 UTC MSL
pressure climatology necessitated manual averag-
ing of six charts of routinely prepared monthly
mean pressure anomaly. Data for these individual
analyses were based primarily on mean station
data received in Darwin RMC. Over the sea,
anomalies were based on deviations of objective
numerical analyses from automated analysis
climatologies (provided by the Melbourne World
Meteorological Centre and Japan Meteorological
Agency).

The MSL pressure anomaly field shows higher
than normal pressure over almost all the Darwin
RMC area. The southern hemisphere subtropical
ridge was much stronger than average. Anomalies
greater than +1 hPa dominated the tropics in the
vicinity of the maritime continent (Indonesia/
Papua New Guinea), and over India and southern
China at the location of the monsoon trough. The
only areas of below normal pressure were at
equatorial latitudes near the dateline, and in the
data sparse Indian Ocean area west of 90°E.

Figure 5 shows the corresponding six-month
mean SST and SST anomaly fields. Examination
of monthly SST anomaly charts revealed that
broadscale features in Fig. 5 displayed remarkable
persistence during the entire period. Anomal-
ously warm SSTs up to 1.5°C dominated the
Indian Ocean, the South China Sea and the
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Fig. 4(a) Mean 0000 UTC MSL pressure (hPa) analy-
sis for May-October 1987,
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Fig. 4(b) Mean MSL pressure anomaly (hPa) analysis
for May-October 1987.
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Fig. 5 Mean SST analysis (isotherms — — -) with mean
SST anomaly ( } (°C) for May-October
1987.
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Australian seaboard. Cool anomalies character-
ised the North Pacific and equatorial South
Pacific. Temperatures near Fiji became progress-
ively cooler during the period, and this cool
anomaly migrated slowly west towards Vanuatu.
SST around and eastward of the South China Sea
and Philippines area maintained a consistent
positive anomaly, which approached 2°C during
the last two months of the period.

It may at first appear difficult to reconcile the
pressure anomaly and SST anomaly fields, given
the generally recognised inverse correlation
between pressure and SST (e.g. Nicholls 1979).
However, in the central and eastern Pacific
beyond the range of Darwin RMC analyses, very
substantial SST warming was occurring in associ-
ation with a well-developed ENSO event (Climate
Diagnostics Bulletins, May-October 1987*). One
manifestation of such events is a weaker than
normal Walker circulation. It would appear that
pressure anomalies over the RMC area were being
forced by displacement of the larger scale circu-
lation associated with ENSO, effectively
swamping any atmospheric response to local SST
anomalies.

Earlier circulation summaries by Kingston et
al. (1987) and Dixon et al. (1987) identified
antecedent, onset and peak phases of the current
ENSO event from June 1986 to April 1987. A
comparison of Fig. 5 with the Rasmusson and
Carpenter (1982) composite suggests that the
pattern of cooling over the southwest Pacific and
mid-latitude northwest Pacific with warming near
the equatorial dateline is consistent with the peak
phase. However, west of longitude 180°, SST
anomalies in their composite charts are weakest
and such pattern matching over a limited subset
of the Pacific domain may be misleading. Indeed,
based on analyses covering the entire Pacific,
Wagner (1987) characterised the period March-
May 1987 as the ‘mature phase’ of ENSO.

Low-level flow

Charts of 950 hPa vector wind anomaly for
May-June-July (MJJ) and August-September-
October (ASO) 1987 are presented in Figs 6(a)
and (b) respectively. Evident are some clearly
defined anomalous airflows. The most significant
was a large area of westerly anomalies extending
across the equatorial Pacific towards 180°, indi-
cating anomalous convergence in the vicinity of
the dateline. This reflected a northeastward
displacement of the SPCZ from its mean position
in the southern hemisphere, combined with the
persistence of a well developed ITCZ/monsoon
trough along 5°N to beyond the dateline (cf. the
long-term mean easterly wind regime depicted in

*Climate Diagnostics Bulletin, available from Climate Analysis
Center, NOAA/NWS/NMC, Room 605, World Weather Build-
ing, Washington DC 20233, USA.
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Fig. 1). For most of the period the SPCZ was
linked with a near-equatorial trough at low
levels.

These westerly anomalies, together with those
over Papua New Guinea, northern Australia and
south of Indonesia, cover areas where seasonal
southeast or northeast winds prevail, so the trades
were typically weaker than normal. The only area
of enhanced southeast trades was south of the
SPCZ, although this feature decreased signifi-
cantly from MJJ to ASO 1987.

Comparison of Figs 6(a) and (b) with the wind
anomaly composites of Rasmusson and Carpen-
ter (1982) makes it difficult to categorise the
ENSO event during May-October 1987 with the
same phase as the SST anomaly pattern. Eastward
contraction of both westerly anomalies north of
the equator and easterly anomalies over the
southwest Pacific from MJJ to ASO indicate a
move from the transition to mature phase of the
event. (Note that in contrast to SSTs, wind
anomaly composites west of the dateline normally
show very strong ENSO signals.)

Fig. 6(a) Mean 950 hPa vector wind anomaly for
May-July 1987.
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Fig. 6(b) Mean 950 hPa vector wind anomaly for
August-October 1987.
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Further west, easterly wind anomalies domi-
nated South-East Asia and India, opposing the
summer monsoon flow. A ridge of anticyclonic
anomalies overlaid the mean monsoon trough in
both MJJ and ASO, indicating a much weaker
monsoon than normal. This is consistent with
episodes of large positive Darwin pressure
anomalies (Shukla and Paolino 1983).

Upper tropospheric flow

Charts of 200 hPa vector wind anomaly for MJJ
and ASO are shown in Figs 7(a) and (b). The large
area of anomalous westerly flow equatorward of
latitude 20° from Indian longitudes to Papua New
Guinea longitudes is striking. This pattern was
associated with considerably reduced strength of
the equatorial easterly jet (Fig. 2 shows that wind
speeds are normally in excess of 15 m s! within
the outflow jet during the summer monsoon).
Cross-equatorial upper return flow above the
surface monsoon stream was well below average.

Fig. 7(a) Mean 200 hPa vector wind anomaly for
May-July 1987.
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Fig. 7(b) Mean 200 hPa vector wind anomaly for
August-October 1987.
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Over Asia, significant westerly anomalies north
pf 30°N were a result of the northern subtropical
jet stream being both stronger than normal and
displaced about_ S latitude degrees south of its
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mean position. This suggests that baroclinic
processes played a more important role in the
1987 Asian summer monsoon season than usual.
Westerly anomalies over northern Australia were
due to northward displacement of the southern
hemisphere subtropical ridge.

Large cyclonic anomalies superimposed over
the average position of the northwest Pacific
TUTT during MJJ 1987 show a much more active
trough than in the mean. Later in the season
(ASO), the TUTT returned to near normal.

The anticyclonic anomaly pair near the dateline
indicates an eastward displacement of enhanced
upper outflow in both hemispheres into the
central Pacific, characteristic of ENSO events
(e.g. Arkin 1982). Associated with this was
eastward translation of the upward branch of the
Walker cell to the vicinity of the dateline. In Fig.
7(b) the northern hemisphere anomaly appears to
weaken during ASO, consistent with a decline of
the El Niito.

It is possible to identify those anomalies at 200
hPa which may be directly attributable to ENSO.
Selkirk (1984) showed that during periods of
negative SOI, significant easterly anomalies
would be expected along the equator near the
dateline, and over southwest Western Australia;
significant westerly anomalies would be diag-
nosed over Japan, northern India and just
southwest of Java/Sumatra. Comparison with our
Figs 7(a) and (b) would therefore suggest that
observed easterly anomalies in the southern
Indian Ocean and equatorial Pacific were
responses to El Nifio forcing, while westerly
anomalies over the equatorial Indian Ocean,
northern Australia and within the northern
hemisphere subtropical jet were only partially
forced by the ENSO event.

Fig. 8 Equatorial cross-section of mean meridional
wind (m s'!) for May-October 1987.
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Interhemispheric interactions

An equatorial cross-section of meridional wind is
shown in Fig. 8, averaged over the six months
May to October 1987. This chart is very similar to
individual three-month means (MJJ and ASO).
Comparison with the June-August long-term
mean shown in Kingston et al. (1987) indicates
that both low-level and upper-level cross-
equatorial flows were weaker than normal, con-
sistent with earlier deductions. The lower
tropospheric southerly wind component was
particularly weak, implying very little net effect of
southeast trade surges from the southern to
northern hemisphere.

Six-month mean (May-October 1987) velocity
potential maps at 950 hPa and 200 hPa are shown
in Figs 9(a) and (b). These charts are representa-
tive of the situation depicted by the three-month

Fig. 9(a) Mean velocity potential at 950 hPa for May-
October 1987. (Units 105m?2 s°1))
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Fig. 9(b) Mean velocity potential at 200 hPa for May-
October 1987, (Units 105m? s°1.)

40N

20N

EQ

208







