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A broad summary of the tropical circulation between 70°E and 180°, for May to
October 1988, is presented. The period was characterised by positive Southern
Oscillation Indices; circulation patterns were identifiable as supportive of that

trend.

Introduction e

This seasonal summary covers the tropical circu-
lation within the Darwin Regional/Specialised
Meteorological Centre (RSMC) area of responsi-
bility (70°E to 180°). Emphasis is focussed on the
area between 20°S and 20°N and the time-period is
May to October 1988. ’

The format of this article, the fifth in an ongoing
series, has been altered. Description here is
centred on system inter-relation and seasonal/
interseasonal discontinuities while figure concen-
tration is on departures from normal. Detailed
aspects relating to general regional circulation
features, their associated scientific and climato-
logical standards, and data management, that
have been dealt with in previous summaries
(Garden et al. ‘1989 and Bate et al. 1989), are not
included.

- Main data sources include: mean wind analyses ~

from the automated tropical analysis scheme of
Davidson and McAvaney (1981) and derived
fields from thé climatologi¢al ‘mean winds pre-
sented in Atkinson and Sadler (1970) and Sadler
(1975); sea-surface temperature (SST) anomalies
from analyses produced in Darwin RSMC in
comparison with the climatological means of
Reynolds (1983); mean sea level pressure (MSLP)
anomalies derived manually from monthly
CLIMAT messages and supplemented by grid-
point values extracted from the Japan Meteoro-
logical Agency, Monthly Report on Climate Sys-
tem. Other sources are mcluded in elther the text
bi'ackhowledgments, ..

Overview

A mainly positive phase of the Darwin/Tahiti
Southern Oscillation Index (SOI), persistent cold
SST anomalies in the central and eastern equa-
torial Pacific, and below average high-cloud (con-
vection) amounts over the western equatorial
Pacific were, inter alia, features indicative of a
cold phase of the El Nifio/Southern Oscillation
(ENSO) during May to October 1988. These
features are in marked contrast to those described
by Garden et al. (1989) during part of a moderate

.to strong warm ENSO event in May to October
“1987.

Ropelewski (1988) described enhanced cloudi-
ness in the equatorial Pacific as a major charac-
teristic of the 1986-87 warm episode. A marked
reduction in mean cloudiness over the western
equatorial Pacific between August 1987 (Fig. 1(a))

“"and ‘August-1988 (Fig.-1(b)) is clearly portrayed.

Trade wind flow in the southern hemisphere
was weaker than normal. Although the onset of
the southwest monsoon over India and southeast
Asia was timely, it was weaker than normal and
did not become established fully over the Philip-
pines and west Pacific. Also -operating.was.a
weaker than normal Hadley circulation.

Rainfall was close to normal over South-East
Asia; a major exception was above average tothls
over western Peninsular Malaysia.” Totals' over
India were average to above average, and over
tropical’‘Australia, average to below -average.

Western Pacific tropical -storm activity was



Australian Meteorological Magazine 38:1 March 1990

close to average but fewer than normal reached
typhoon status.

Air temperatures over tropical parts of Aus-
tralia were generally above average.

Fig.1 Monthly mean equivalent black-body tempera-
ture anomaly (°C) for (a) August 1987, (b) August
1988. (Negative stippled.)
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The tropical circulation of May to
October 1988

Table 1 and Fig. 2 show that while the SOI fell
below zero in June, it otherwise displayed a strong
positive bias durmg May to October 1988. The
September value (+20) represents the highest
positive value since September 1975 and has been
surpassed on only three occasions during the past
50 years (Table 2).
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Table 1. Troup’s Southern Oscillation Index (SOI),
May-October 1988 (Troup 1965).
Month  May Jun Jul Aug  Sep Oct

SOI +10 -4 +11 +14 +20 +16

Fig.2 Monthly Southern Oscillation Index, October
1978-October 1988.
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Table 2. List of Southern Oscillation Index (SOI),
during the past 50 years, higher than +20.

Month Year SOr1

November 1973 +30.7
June 1950 +22.6
December 1950 +22.2

Cold SST anomalies about the dateline illus-
trated by Bate et al. (1989) persisted, but became
concentrated over the equatorial Pacific early in
the period. Figure 3 shows that although there was
some spatial contraction with time, cold anom-
alies were nonetheless maintained in that area
throughout the entire period. Elsewhere, SSTs
continued to follow the widespread above average
trend noted by Kingston et al. (1987), and referred
to by them as one precursor condition to an El
Nifio warm event. Concomitant with areas of cold
SST anomalies was reduced cloudiness. Figure 4
traces monthly mean fields of high-cloud anom-
aly; a below average trend is clearly identifiable
across the western equatorial Pacific region.

For the third successive year, low-level flow in
the southern hemisphere was largely anomalous;
the MSLP anomaly field (Fig. 5), however, is geo-
strophically consistent with low-level vector wind
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Fig.3 Mean SST anomalies (°C) for (a) May-July
1988, (b) August-October 1988. (Negative stip-
pled.)
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anomalies (Figs 6(a), (b)). Negative MSLP anom-
alies over the Australian continent, together with
westerly wind anomalies over tropical areas nor-
mally influenced by southeast trade winds, are
reflections of a weaker than normal subtropical
ridge. Coexisting low-level features included:
mainly northerly wind anomalies across the
equator with the strongest low-level flow near
105°E at 850 hPa (Fig. 7); anticyclonic anomalies
over Indo-China and Malaysia; and positive
MSLP ancomalies in the central north Pacific.
Despite an easterly low-level wind anomaly
throughout the entire May to October 1988 period
over India, Indo-China and Malaysia, the date of
onset of the southwest monsoon was close to nor-
mal. Figures 8 and 9 show that southwesterly

winds at 700 hPa became established over Penin-
sular Malaysia on 17 May (the average date of
onset) and over Indo-China and northern Borneo
by 19 May. Unlike 1986 and 1987 though, where
the southwesterlies progressed eastward to the
Philippines and west Pacific after onset over
Malaysia and Indo-China, their progression dur-
ing 1988 was often interrupted by intrusions of
easterlies or southeasterlies. As a result, the
southwest monsoon did not become established
fully over the Philippines and west Pacific during
1988. The monsoon set in over southern India on
26 May and covered the entire country by 1 July.
Its onset can be traced using the anomalies shown
in Fig. 10 where the early arrival is clearly illus-
trated, and a delay through central regions is evi-
dent. Anomalies exceeding one week only oc-
curred in the far northwest where its arrival was
about two weeks earlier than normal. Monsoon
withdrawal from India commenced in the north-
west on 12 September and was for the most part
complete one month later.

Notable high-level (200 hPa) circulation fea-
tures were: cyclonic wind anomalies over most of
the Indian sub-continent and across much of the
western Pacific; mostly easterly anomalies in the
southwest Pacific/southern Indian ocean sub-
tropics, together with cyclonic anomalies to the
east of New Guinea and west to southwest anom-
alies across the equator (Figs 6(c),(d)).

Vector wind anomalies over Indo-China, the
area normally occupied by the ascending branch
of the Hadley circulation, were anticyclonic in the
low levels and cyclonic in the high levels. Further-
more, low-level convergence, but more particu-
larly, high-level divergence centres, illustrated in
the velocity potential fields (Fig. 11), show that
the axis of the ascending branch was displaced
further south. The subsiding branch, while nor-
mally outside the analysis domain, is evident
around New Zealand, indicative also of a
southerly displacement.

The time-series of 200 hPa winds and rainfall
over Malaysia (Figs 12 (a),(b)) clearly illustrate 30
to 50-day oscillations in the strength of the
southwest monsoon. Oscillations are not as dis-
tinct in any of the other series (Figs 12 (c),(d)) and
not present at all in the series of surface pressure
over central China where oscillations of a lower
frequency mode are suggested. Two monsoonal
breaks, around late June/early July and mid-
August through early September, associated with
the 30 to 50-day oscillation are identifiable in Fig.
12 (a). During the latter, and most intense break,
abnormally high rainfall (highest since 1969) was
recorded along the west coast of Peninsular
Malaysia and additionally confirmed the inverse
relationship between southwest monsoon inten-
sity and Malaysian rainfall (Garden et al. (1989);
Cheang and Tan (1988)). Correspondingly drier
conditions were experienced in Thailand and the
Philippines. More generally, Indonesia and es-
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Fig.4 Monthly mean I,ng!l-cloud amount anomaly, May—October 1988 ‘Anomalies below;10% are stippled (Note: no
i-. . climatology over,land).

':Il"i ~Fdis

(&2
‘.
- Ve Tean e
T — 40N T T nr;}) j T
Ue it Jun ﬁ{/
- N P43 4T
R >
. o .
¥ (& i .. -~
g . 2on A
. X :
* 4 b
e EQ [~ No Data
N
o
AN 208 [
. Lo | ¥
408 PR 3‘7 L I 1 - W 1 8

BOE - 100E 120E 140E +60E 180 80E ;  100E 120E | 140E 160E 180
cy :
-
N
40N T
Jul
20N A
0
Ea [
20s [
L . . » i 1 1 W ) 3\7
408 408
80E 100E 120E 140E 1860E 180 BOE®  100E 120B-.©  140E 160E 180
nte . PR . R .

40N X T

Oct :

i
20n 5
R
‘ "
[

EQ 3 ' R

No Data @
208 |
ot

T sl 0 i TR 1
408 L ! v . 408

. BOE 100E . 120E. 140E 160E 180 80E 100E, . :120E 140E 160E 180

&



Butterworth et-al.: Australian/Asian.region tropical circulation

11

Fig.5 Mean MSL pressure anomaly (hPa), May-
October 1988.
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Fig. 6(a) Mean 950 hPa vector wind anomaly, May-
July 1988.

Fig. 6(c) Mean 200 hPa vector wind anomaly, May-
July 1988. C

40N

T

\\\\\\ T—///“/ww
AR YRR YN PFINNRN

FrtYANNYS S
~

YRR
@- ey R S
LA l\\\\\\\ SAANNA

i e i N SR TR Y
o~ ~—

it
[
NEN

v d

N

LA e

¢ e PR A

¢ PR
FeN - & &

AVYY

%\‘.\.‘1.\\\\A\‘\,\;f‘w-—~ e

il i

100E 120E

408

140E 160E

Fig. 6(d) Mean 200 hPa vector wind anomaly, August-
October 1988. :
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~Fig. 6(b) Mean 950 hPa vector wind anomaly, August—

October 1988.
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pecially the west coast of Peninsular Malaysia and
northwestern Borneo recorded average to above
average rainfall-totals; Thailand and the Philip-
pines experienced drier than normal conditions
for most of the period. In spite of the reduced
strength of monsoonal circulation over India,
cumulative totals were average (+ 10 per cent of
normal) or in excess (more than 11 per cent) over
about 88 per cent of the country; the presence of
four monsoon depressions (three at the head of
the Bay of Bengal and one in the Arabian Sea) may
have been the encouraging factor. Widespread
floods occurred over northern-parts of India in
July, August and September; a devastating flood,
the most severe in the last 35 years, inundated
Bangladesh during September. Rainfall over
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Fig. 7 Equatorial cross-section of mean meridional
wind (m s—!) for (a) May-July 1988, (b) August-
October 1988.
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Fig.8 Latitude time-section of 700 hPa zonal wind
along longitude 103°E, 10 May-30 June 1988.
Westerly component stippled.
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Fig.9 Vertical time-section of zonal wind at () Kuching
(northwestern Borneo), 10 May-15 June 1988;
(b) Kota Kinabalu (northeastern Borneo), 10
May-15 June 1988. Westerly component stip-
pled.
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Fig. 10 Southwest monsoon onset date anomalies
(days), India 1988. Normals after India
Meteorological Department (1943).
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Fig. 11(a) Mean velocity potential at 950 hPa, May-

July 1988 (Units 105 m? s~1).
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Fig. 11(b) Mean velocity potential at 950 hPa, August-
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Fig. 11(c) Mean velocity potential at 200 hPa, May-

July 1988 (Units 10° m? s~1).
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Fig. 11(d) Mean velocity potential at 200 hPa, August-
October 1988 (Units 10° m? s~!).

Fig.12(a) Low-pass filtered time-series of Malaysian
upper winds, May-September 1988.
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Fig. 12(b) Low-pass filtered time-series of Malaysian
rainfall, May-September 1988.
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