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In this paper a broad summary of the tropical circulation between 70°E and 180°, for
the period November 1987 to April 1988, is presented. Analyses of tropospheric
flows, sea surface temperatures, tropical cyclone tracks, circulation indices and
rainfall data are discussed.

The 1987 El Nifio-Southern Oscillation (ENSQO) warm event was in decline at the
beginning of the period and the Southern Oscillation Index (SOI) remained small
through the period. Despite this, some of the circulation anomalies associated with
the ENSO event persisted well into the season. The monsoon in the southern hemi-
sphere was weaker than normal, resulting in below average rainfall over north Aus-
tralia. The weakness of the monsoon was also undoubtedly linked to the historically
low level of tropical cyclone activity in the southern hemisphere. The monsoon was
characterised by low frequency oscillations in intensity linked to the main weather
events.

Over India and the Bay of Bengal the northeast monsoon was weaker than normal;
in the southeast Asian sector its onset was later than usual and low frequency oscil-
lations characterised its intensity. Northeasterly surges and near equatorial
vortices, major weather-producing mechanisms over South-East Asia and the South
China Sea, were important elements of the monsoon circulation, the occurrence of

northeasterly surges being above the long-term mean.

Introduction

This seasonal summary discusses the tropical
circulation in the area of synoptic analysis respon-
sibility of the Darwin Regional Meteorological
Centre (RMC). This area ranges from 70°E to
180°. The time-period covers November 1987 to
April 1988; that is, the austral late spring to early
autumn. As in past seasonal summaries in this
series (Kingston et al. 1987; Dixon et al. 1988;
Garden et al. 1989) the focus is to identify circu-
lation features which differed significantly from
long-term mean flows, which were described by
Dixon et al. (1988). Relationships are identified
between these anomalies and other abnormalities,
and some implications for regional climates dis-
cussed.

Firstly Southern Oscillation Index (SOI) values
are examined and related to a broadscale descrip-
tion of the monsoon circulation for the season.
This is followed by discussions of sea surface tem-
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perature (SST) analyses, seasonal flows and
anomalies, tropical cyclone occurrences, and the
northeast monsoon of South-East Asia. Particular
reference is made to low-frequency oscillations
and their effect on north Australian and South-
East Asian rainfalll.

Data sources

Mean wind and mean sea level pressure (MSLP)
analyses for the period November 1987 to April
1988, and diagnostic fields derived therefrom,
were obtained from the Australian Bureau of
Meteorology’s automated tropical analysis
scheme (Davidson and McAvaney 1981). This
produces 12- hourly real-time univariate analyses
from surface synoptic, conventional upper air and
aircraft observations, and satellite-observed
upper wind measurements. Pseudo-observations
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are inserted by Darwin RMC where necessary.
Climatological mean charts, used as the basis for
the wind anomaly charts, were derived from those
produced by Atkinson and Sadler (1970) and
Sadler (1975). The SST analyses were produced
manually from ship and satellite observations and
SST anomaly charts were produced by compari-
son with climatological data from Reynolds
(1983). MSLP anomalies were based mainly on
charts published in the monthly Darwin Tropical
Diagnostic Statement.* These are manually
analysed from monthly CLIMAT messages.
Where no CLIMAT data were available grid-
point anomaly data from Monthly Report on Cli-
mate Systemt and anomaly analyses from Cli-
mate Monitoring Bulletin Southern Hemisphere§
were employed for the northern and southern
hemispheres respectively. In the section on the
northeast monsoon over South-East Asia, winds
used in cross-sections and time-series were
derived from plotted and manually analysed
charts prepared by the Malaysian Meteorological
Service (MMS) in the Kuala Lumpur Monsoon
Activity Centre. Malaysian rainfall and upper air
data were extracted from monthly abstracts pub-
lished by the MMS.

This data base is considered generally adequate
for the purpose of the present summary. The
Atkinson and Sadler (1970) and Sadler (1975)
upper wind averages were taken over a range of
periods varying from under five years to over
twenty. Reynolds’s (1983) SST means were com-
puted from surface marine data up to 1976 and
are widely referenced. MSLP anomalies over the
oceans are based only on objective analyses, pro-
duced by the Bureau of Meteorology, Melbourne,
Australia (southern hemisphere, period 1977-
1986) and Japan Meteorological Agency, Tokyo
(northern hemisphere, period not stated). No data
were available for a large portion of the Indian
Ocean. High cloud anomalies are based on only a
seven-year record, which includes the strong
ENSO event of 1982-83. This should be taken
into account when interpreting the diagrams.

The tropical circulation, November
1987-April 1988

Southern Oscillation
The SOI is a measure of the state of the Southern
Oscillation (see e.g. Troup 1965). The formula

*Darwin Tropical Diagnostic Statement, issued by the Northern
Territory Regional Office, Bureau of Meteorology, PO Box 735,
Darwin 0801, Australia.

tMonthly Report on Climate System, issued by Long-range
Forecast Division, Forecast Department, Japan Meteorological
Agency, 1-3-4 Ote-Machi, Chiyoda-ku, Tokyo, Japan.

§Climate Monitoring Bulletin, Southern Hemisphere, issued by
National Climate Centre, Bureau of Meteorology, GPO Box
1289K, Melbourne 3001, Australia.

used in Darwin RMC can be found in Dixon et al.
(1988) or Ropelewski and Jones (1987). Figure |
shows monthly values of the SOI from January
1982 to April 1988, and Fig. 2 shows five-month
running means of the SOI up to February 1988.
Clearly seen are the major negative excursion of
1982-83 and the weaker event of 1986-87.

Fig.1 Monthly SOI, January 1982-April 1988.
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Fig. 2 Five-month running mean SOI, January 1982-
February 1988.
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The monthly SOI fluctuated with small neg-
ative values for the whole of the period November
1987 to April 1988, with the exception of March,
when a small positive value occurred. The trend in
SOI values suggests that the moderate to strong
ENSO warm event of 1987 (see ¢.g. Garden et al.
1989; Wagner 1987) drew to a close during the
austral spring. Garden et al. found that this event
was at its peak by late autumn and was well into
decline by October 1987.

Since the SOI remained small throughout the
period it might be expected that seasonal anomaly
patterns of SST, MSLP and tropospheric circul-
ation would show characteristics close to long-
term means. This was not the case. For example,
the summer monsoon was generally poorly devel-
oped and the number of southern hemisphere
tropical cyclones well below the climatological
mean. The northeast monsoon over much of
southern Asia was weaker than normal in mean
intensity, though there were more northerly
surges than normal over South-East Asia.
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O’Lenic (1988) presented time-series of five-
month running mean equatorial standardised 850
hPa wind anomaly. For the longitude belt 135°E-
180° this parameter was still westerly until at least
October 1987, almost one year after its peak west-
erly value, whereas during the much stronger
1982-83 ENSO event it remained westerly for
only five months after reaching its peak. Figures |
and 2 show a similar effect in the respective
monthly and five-month running means of the
SOI. These facts suggest that though the 1986-87
ENSO event was not strong it was very slow in
decaying, in agreement with Janowiak (1988) who
found that the warm event ended during the
March-May 1988 season.

Sea surface temperature and mean sea level
pressure

Figure 3 shows the mean SST distribution and the
mean SST anomaly for the six months November
1987 to April 1988. Anomalously warm water
covered most of the region. The notable exception
was the cool region over the northwest Pacific.
The warmest anomalies extended from the Bay of
Bengal eastward over the Philippines and north-
ward to Japan as well as affecting parts of the
Australian coast.

Fig.3 Six-month mean SST (dashed lines) and mean
SST anomaly (solid lines) (°C), November 1987-
April 1988 (C = cold, W = warm).
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Monthly anomaly charts are presented in Fig. 4.
Perhaps the most telling feature was that warm
anomalies, initially evident over the equatorial
west Pacific, had weakened considerably by April
1988, in some parts being replaced by weak cool
anomalies. This is consistent with the dissipation
of the ENSO event by the end of the period. The
seasonal anomaly pattern and the individual
monthly patterns for November 1987 to February
1988 are similar to the mature phase composite of
Rasmusson and Carpenter (1982).

Fig.4 (a) to (f). Monthly mean SST anomaly (°C),
November 1987-April 1988.
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Charts of MSLP and MSLP anomaly, at 0000
UTC, averaged over the six-month period, are at
Figs 5 and 6 respectively. The monsoon trough
was best developed over the southwest Pacific
where it was a little more intense than normal.
Over northwest Australia it was merged with the
heat trough and positive anomalies in this area
show that it was not as deep as normal. Positive
anomalies persisted over Australia, though they
weakened significantly from the 1987 winter (cf.
Garden et al. 1989). Rasmusson and Carpenter
(1982) stated that pressure changes in the central
Pacific lead those at Darwin (of opposite sign) by
several months. Prolonged positive anomalies in
the Australian region are consistent with this
observation, particularly in view of the slow
decline of ENSO noted earlier. On a monthly
basis it was observed that a significant negative
anomaly had developed over the east Indian
Ocean and Indonesia towards the end of the
period, a sign that the monsoon was belatedly
becoming better organised following the decline
of the ENSO event.

Fig.5 Six-month mean 0000 UTC MSL pressure
(hPa), November 1987-April 1988.
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Fig. 6 Six-month mean MSL pressure anomaly (hPa),
November 1987-April 1988.
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A comparison of Fig. 6 with Fig. 3 corroborates
the generally accepted inverse relationship
between SST and surface pressure (e.g. Nicholls
1979) in the northern hemisphere, where the
major features were persistent through the season.
However in the south this relationship was not
evident except in the western Pacific. Positive
SST anomalies in the southern tropics were
strongest west of 150°E. Pressure anomalies were
also positive in this area. It appears that local SST
anomalies were having little effect on the pressure
distribution in the region, which was readjusting
in response to larger-scale circulation changes
associated with the demise of the ENSO event.

Lower tropospheric flow

Figure 7 shows the long-term mean flow at 950

hPa for the months November to April. Figure 8

shows the 950 hPa wind field for November 1987

to April 1988, and Fig. 9 the vector anomalies for

the same period. These figures indicate an in-
hibited monsoon circulation in the southern
hemisphere through the following features.

(a) Over maritime areas the summer monsoon
trough axis was displaced north of its mean
position and, as indicated by anticyclonic
anomalies, was poorly developed.

(b) Weak monsoon westerlies north of the trough
imply a weak inflowing branch of the Hadley
cell.

(c) Over tropical Australia dominance of a conti-
nental heat trough effect, rather than inter-
hemispheric monsoonal flow, is indicated by
an enhanced trough near 140°E and the south-
ward displacement over land of an inflow near
130°E.

Anomaly patterns in the northern hemisphere
reflected variations in the strength of the sub-
tropical ridge and the low-level branch of the
Hadley cell. The Asian northeast monsoon was
generally weaker than normal. Increased north-
erly components in the tropical northwest Pacific
may show a stronger Hadley cell near the date-
line.

Fig. 7 Climatological six-month mean 950 hPa winds,
November-April (after Atkinson and Sadler
1970). Isotachs in ms—1,
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Fig.8 Six-month mean 950 hPa winds, November Fig. 10 (a) to (f). Monthly mean monsoon trough pos-
1987-April 1988. Isotachs in m s~ itions, November 1987-April 1988, compared

to long-term mean and 1986-87 positions.

(Climatological and 1986-87 positions after

Dixon et al. 1988.)
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Fig.9 Six-month mean 950 hPa vector anomalies, 20 A s m\\ LN e

November 1987-April 1988.
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The six-month vector anomaly pattern of Fig. 9
is broadly similar to the individual monthly pat-
terns and also similar to that of the season twelve
months earlier (see Dixon et al. 1988). The dif-
ference between the two seasons was that in
November 1986 the ENSO event was developing,
whereas one year later it was well beyond its peak.
The broad westerly anomalies over the tropical
west Pacific were similar to the mature phase
composite of Rasmusson and Carpenter (1982)
and implied that convergence still existed east of
the dateline. This was consistent with the low
number of southern hemisphere cyclone genesis
events west of the dateline, a point examined
more closely later.

Figure 10 shows the mean monthly positions of
the monsoon trough during the season, compared
to 1986-87 and also to climatology. In February
1988, the month when the trough was best
developed, it was difficult to distinguish it from
the north Australian heat trough. For comparison,
Fig. 10 also shows the long-term mean and 1987
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heat trough positions in February. As might be
expected from the demise of the ENSO event, the
monsoon trough was in most months south of the
positions for the corresponding months of the
1986-87 season. In the east the trough oscillated
about the monthly climatological positions,
though the South Pacific convergence zone
(SPCZ) (e.g. Trenberth 1976 or Rasmusson and
Carpenter 1982) was displaced northeast of the
long-term mean (see Figs 7 and 8), a characteristic
of ENSO events.

Upper tropospheric flow

Figures 11, 12 and 13 respectively show the 200
hPa long-term mean flow for November to April,
the flow for November 1987 to April 1988 and
vector anomalies for the same period.

Fig. 11 Climatological six-month mean 200 hPa winds,
November-April (After Atkinson and Sadler
1970). Isotachs at 5.0 m s—! intervals.

Fig. 12 Six-month mean 200 hPa winds, November
1987-April 1988. Isotachs in ms=—1L.

Fig. 13 Six-month mean 200 hPa vector anomaly analy-
sis, November 1987-April 1988.
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The most obvious feature in the anomaly field
in connection with the monsoon is the pattern of
westerly to northwesterly anomalies west of
160°E, an area of cross-equatorial easterly to
southeasterly mean flow. The meridional com-
ponent of this flow constitutes the upper tropo-
spheric return branch of the Hadley cell, which
was evidently below normal strength. The strong
anomalous divergence prominent in 1986-87
(Dixon et al. 1988) east of 160°E was no longer
present, though the southeasterly anomalies north
of the equator in this region suggest there was still
some anomalous, though reduced, upper diver-
gence east of the dateline. The anomalies in the
remainder of the tropics were generally small,
perhaps reflecting a return towards ‘normal’
conditions after the ENSO event.

Interactions between the hemispheres

Figure 14 shows a cross-section along the equator
of meridional wind for November 1987 to April
1988. The southerly corridors at 94°E and 112°E
were on the eastern sides of two equatorial anti-
clockwise circulations (see Fig. 8) and extended
through middle levels. The long-term mean flow
at 950 hPa (Fig. 7) has a northerly component
between 70°E and 180°E. This is further evidence
that low-evel cross-equatorial flow into the
southern hemisphere monsoon was below aver-
age.

Analyses of velocity potential for the six
months November 1987 to April 1988, at 950 hPa
and 200 hPa, are at Figs 15 and 16 respectively.
Monthly mean high cloud amount and high cloud

-anomalyfor the period-are at Figs 17 and 18. They

are of cloud tops above 400 hPa, observed by the
geostationary satellite GSM-3, basedona 1° X 1°
grid. Climatology is 1978-1984, over the oceans
only. High cloud amount is accepted as a good
indicator of deep convection in the tropics.






