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The tropical circulation in the
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The tropical circulation from 70°E to the dateline is examined for the months May to
October 1989. A positive phase of the Southern Oscillation, which developed during
1988, continued to dissipate during this period, though some anomalies typical of a
positive phase persisted. The southwest monsoon in the northern hemisphere was
slightly underdeveloped and withdrew early from the Indian subcontinent. Mon-
soonal rainfall was below average in a large part of the south Asian land mass.
Eastern Australia experienced heavy rainfall early in the season, while drought
conditions became evident later in some areas. The number of tropical cyclones was

above average.

Introduction

This summary discusses the tropical circulation
during the period May to October 1989 in the area
of synoptic analysis responsibility of the Darwin
Regional Specialised Meteorological Centre
(RSMC), that is, from 70°E to 180°. Character-
istics of the 1989 season are compared with long-
term means, salient features of which are de-
scribed by Garden et al. (1989). Lower and upper
tropospheric flows, mean sea level pressures
(MSLP), and sea-surface temperatures (SST) are
examined in the context of the phase of the El
Nifio-Southern Oscillation (ENSQ). Upper level
divergence and the seasonal variation of convec-
tion are also studied. Finally, a number of regional
climate features are discussed, namely tropical
cyclones, the Indian monsoon and north Aus-
tralian rainfall.

Previous summaries in this series have ben-
efited by collaboration with authors from the Mal-
aysian Meteorological Service. As this was not
possible in the present case, there is no detailed
description of the east Asian monsoon.

All data sources used are listed in the Appendix,
and are referred to in the text where appropriate.
Seasonal mean charts, from the tropical analysis
scheme (TAS) of Davidson and McAvaney
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(1981), were averaged over two three-month
periods: May to July 1989 (MJJ) and August to
October 1989 (ASO). Time series of velocity
potential and outgoing long-wave radiation
(OLR), published in Darwin Tropical Diagnostic
Statements (see Appendix), suggested that such a
division was appropriate in terms of the distri-
bution of tropical convective activity during the
season. SST anomalies were calculated from the
climatology of Reynolds (1983).

Broadscale seasonal circulation

Southern Oscillation

Figure 1 shows the behaviour of Troup’s Southern
Oscillation Index (SOI) from January 1980 to
October 1989 and its five-month running mean to
August 1989. This period was chosen to depict the
two significant positive excursions during the dec-
ade. After a prolonged period of positive values
during much of 1988, the smoothed SOI declined
during the season. Keith et al. (1991) noted a
trend for cool eastern Pacific SST anomalies to
decrease toward the end of the previous six
months while Mo (1989) observed that oceanic
and atmospheric patterns in the tropical Pacific
were returning toward normal during March to
May 1989. However, some anomalies typical of a
positive phase of the SOI (hereafter called positive
ENSO event) persisted well into the season.
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Fig. 1 SOI from January 1980: (a) monthly values to
October 1989; (b) five-month running mean to
August 1989,
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Sea-surface temperature

The SST anomaly pattern, shown in Fig. 2 for the
3-month periods MJJ and ASO, remained re-
markably stable over the six months. Warm
anomah;es dominated the area and were strongest
about the southern and western Australian coasts
and throughout the Indonesian archipelago. Posi-
tive departures, initially evident about the eastern
Australian coast and southwest Pacific, were
weaker and further north in ASO. A cool anomaly,
apparent at first in the north Pacific to the
southeast of Japan, weakened steadily through the
season.

These patterns display broad similarities to
those given by Butterworth et al. (1990) for the
corresponding periods in 1988; both seasons were
characterised by positive SOI. The maps also
show generally positive anomalies in regions
where most of the tropical cyclones formed (refer
Fig. 12). An inspection of SST charts published in

- the Climate Diagnostics Bulletin (CDB) and
Monthly Report on Climate System (MRCS) (see
Appendix) indicated that the magnitude of nega-
tive anomalies in the equatorial central and
eastern Pacific declined throughout the period, as
might also be expected during this phase of
ENSO.

Fig.2 Three-month mean SST anomaly (°C): (a) MJJ;
(b) ASO.
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Mean sea level pressure
Figures 3 and 4 show, respectively, 3-month aver-
ages and anomalies of MSLP. The anomaly charts

- were based on monthly CLIMAT messages in con-

junction with long-term station means, with ad-
ditional data from MRCS, CDB and Australian
region grid-point analysis data from the National
Meteorological Centre, Melbourne. Pressures at
low latitudes were generally near average through-
out the season. During MJJ positive anomalies
over India and China indicate a slightly weaker
than normal monsoon trough; the negative
anomaly surrounding the Philippines perhaps re-
flects the presence of tropical cyclones. Over
much of Australasia below-average pressures were
consistent with a positive SOI, while the subtro-
pical ridge in the Indian Ocean was strongly
developed. In ASO the monsoon trough east of the
South China Sea was better developed than in
MlJJ, though over India it remained generally

- weaker than average.
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Fig. 3 Three-month mean MSL pressure (hPa): (a) MJJ; (b) ASO. .
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Fig.6 Three-month mean 950 hPa vector wind anomaly: (a) MJJ, maximum vector 8.6 m s—1; (b) ASO, maximum vector
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Fig. 8 Three-month mean 200 hPa vector wind anomaly: (a) MJJ, maximum vector 11.3 m s~1; (b) ASO, maximum

vector 13.6m s—1.
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Tropospheric flow

Figures 5, 6, 7 and 8 show charts of the mean flow
and vector wind anomalies for MJJ and ASO at
950 hPa and 200 hPa. At 950 hPa the anomaly
patterns appear to indicate that the major tropical
wind regimes were weaker than normal, as anom-
alies were largely opposite in direction to the long-
term flows. The anomaly fields should be inter-
preted with caution: some of the anomalies are
similar to those found in corresponding periods in

the years 1986 to 1988 (Kingston et al. 1987;

Garden et al. 1989; Butterworth et al. 1990), a
period which encompassed both positive and
negative ENSO events. They include anticyclonic
and easterly anomalies over the Indian subconti-
nent and the Bay of Bengal, and westerlies in the

Fig. 9 Equatorial cross-section of three-month mean
meridional wind: (a) MJJ; (b) ASO. Isotach
interval 2.5 m s—1, negative (northerly) dashed.
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southern Indian Ocean and low latitude north-
west Pacific. At 200 hPa, west to southwesterly
anomalies at low latitudes west of 120°E, particu-
larly over the Bay of Bengal, and cyclonic and east
to southeasterly anomalies over the southern In-
dian Ocean were similar to those found in 1987
and 1988. All this suggests biases in either the cli-
matological fields (Atkinson and Sadler 1970;
Sadler 1975) or the TAS, but it is not possible to
ascribe them with certainty to either source. A
comparison of the TAS with ECMWF analyses at
850 hPa and 200 hPa for June to August 1984
(Hendon 1988), however, identified no obvious
biases. Despite the reservations regarding wind
anomalies, the MSLP and 950 hPa fields are

Fig.10 Longitudinal cross-section of three-month mean
zonal wind at 100°E: (a) MJJ; (b) ASO. Isotach
interval 5 m s—1, negative (easterly) dashed.
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Fig. 11  As for Fig. 10, except 130°E.

hPa T T T T T

broadly geostrophically consistent in most re-
gions.

During MJJ the monsoon circulation was '

somewhat underdeveloped over continental Asia,
as already noted in reference to the pressure
anomaly fields. The pattern at 200 hPa in the
western Pacific, with equatorial westerly anom-
alies and subtropical easterlies, is well correlated
with positive SOI (Selkirk 1984). The monsoon
circulation over the northwest Pacific was not
strongly developed, the upper ridge lying well
north of the monsoon trough.

By ASO the monsoon circulation east of 100°E
had moved closer to an average state with very
small anomalies at 200 hPa. There appeared little
change in the monsoon circulation over south

Asia and the Indian Ocean. In the northwest
Pacific the 200 hPa ridge axis and 950 hPa mon-
soon trough axis were more closely coupled than
before. Light southeast trades about north Aus-
tralia were consistent with lower than normal
pressures.

The cross-sections in Figs 9, 10and 11 also illus-
trate the change in the northwest Pacific. In ASO
upper northerly return flow across the equator
increased east of 100°E and slightly decreased
west of 100°E (Fig. 9), while zonal components
show an improvement in monsoonal flows at
130°E but a slight weakening at 100°E, reflecting
the early retreat of the Indian monsoon reported
in MRCS (November 1989).

Table 1. T ropical cyclones within the Darwin RSMC
area May to October 1989. (T)= typhoon;
(ST) = super-typhoon.

Dates (UTC) at

TC name TC intensity  Maximum 10-min
within Darwin mean wind (m s—1)
RSMC area
Northwest Pacific/South China Sea
Brenda (T) 16 May-20 May 34
Cecil (T) 22 May-25 May 34
Dot (T) 6 June—11 Jun 45
Ellis 23 Jun-24 Jun 16
Faye 7 Jui-10 Jul 27
Gordon (ST) 12 Jul-18 Jul 63
Hope 16 Jul-20 Jul 25
Irving 21 Jul-24 Jul 25
Judy (T) 23 Jul-28 Jui 43
Ken/Lola* 30 Jul-4 Aug 23/23
Mac (T) 1 Aug-6 Aug 36
Nancy (T) 12 Aug-14 Aug 34
Owen (T) 12 Aug-17 Aug 34
Peggy 16 Aug-18 Aug 16
Roger 25 Aug-27 Aug 23
Sarah (T) 6 Sep-13 Sep 57
Tip 10 Sep-14 Sep 23
Vera 12 Sep-15 Sep 23
Wayne (T) 18 Sep-20 Sep 29
Angela (ST) 29 Sep-10 Oct 59
Brian (T) 30 Sep-3 Oct 36
Colleen (T) 2 Oct-8 Oct 36
Dan (T) 9 Oct-13 Oct 32
Elsie (ST) 14 Oct-22 Oct 57
Forrest (T) 22 Oct-29 Oct 43
Bay of Bengal/North Indian Ocean
OlB 24 May-27 May 25
Unnamed** 22 Jul-22 Jul N/A
Southwest Pacific :
Meena 5 May-9 May 21
Ernie 10 May-12 May 23
South Indian Ocean
Unnamed 9 Jul-9 Jul 21

* Reanalysis indicated that dissipating Ken merged
with developing Lola.
** See note in text.
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Tropical cyclones

During May to October 1989, 29 tropical cyclones
(TCs) (defined as having maximum 10-minute
mean winds of at least 17 m s™!, or named
systems) were analysed by Darwin RSMC. Of
these, 26 occurred in the northern hemisphere.
Tracks are shown in Fig. 12; these include the pre-
storm depression stages. Details of periods of
occurrence and maximum winds are given in Ta-
ble 1. A factor of 0.88 was used to convert maxi-
mum winds for northern hemisphere cyclones
from l-minute to 10-minute means.

Northern hemisphere

Comparisons of northern hemisphere TC occur-
rence with climatological statistics from Joint
Typhoon Warning Center Guam (JTWC), 1989,
are given in Table 2. In the Pacific both TC and
typhoon occurrences were above average and
more frequent than in May to October 1988 (But-
terworth et al. 1990). This confirms the work of
Chan (1985), who found that the phase of the SOI
leads northwest Pacific typhoon occurrence by
approximately 11 months. The statistics also lend
support to the finding of Gray (1988) that
northwest Pacific TC activity tends to increase in
easterly phase quasi-biennial oscillation (QBO)
years. The QBO was in an easterly phase during
1989, reaching a peak late in the year (CDB, Jan-
vary 1990).

Table 2 shows that in ASO a much greater pro-
portion of northwest Pacific TCs intensified to
become typhoons than in MJJ. As noted pre-
viously, by ASO the axis of the 200 hPa ridge over
the north Pacific had become more closely
coupled with the low-level monsoon trough axis,
particularly east of 140°E. Thus vertical organis-
ation was improved, providing a more favourable
broadscale environment for TC intensification.
Divergence between the north Pacific tropical
upper-tropospheric trough, which was well de-
veloped for the whole season (Fig. 7), and the
neighbouring upper ridge also had a strong influ-
ence on TC genesis and intensification. This was
particularly so in October, when all of the six TCs
(two continuing from September) became
typhoons — two of them super-typhoons.

Northern hemisphere TC genesis events from
June to October 1989 are superimposed on a time-
longitude section of 200 hPa velocity potential in
Fig. 13. Events were generally clustered about
higher magnitudes of negative velocity potential,
which are taken as a proxy for broadscale upper
divergence. The velocity potential periodicity re-
flects broadly the Madden-Julian (1971, 1972)

oscillations. Gray (1988) noted that genesis events

tended to be grouped in alternating ‘active’ and
‘inactive’ phases of variable length, and that these
showed some correspondence with the 40 to 60-
day oscillation in a number of parameters.

Fig. 12 Tropical cyclone tracks: (a) MJJ, northwest
Pacific and Indian Ocean; (b) ASO, northwest
Pacific; (c) May, southwest Pacific. Firm line
= typhoon, dashed line =tropical cyclone/
storm.

100E 120€ 140E 160E

EQ C I
[} \
°°c:f9
Oﬁ%
108 |-Mgenal R -
- ————— oY /’ ‘\\? -------
,\'._‘ \’\\\ ,'_ g
i vg'.i
°D
208 L 2
140E 160E

The Bay of Bengal/north Indian Ocean is a com-
paratively small basin and TCs are less common
(Table 2). At least five tropical depressions de-
veloped in this area during the five months May to
September, four of them in MJJ; of this number
only two intensified to TCs. One of these was
analysed by the India Meteorological Department
(data available for June to September) as a trop-
ical storm for less than 12 hours on 22 July (shown
as ‘Unnamed’ in Table 1 and in brackets in Table






