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A summary of the tropical circulation from 70°E to the dateline, for November 1989
to April 1990, is presented. The Southern Oscillation was in an incipient warm
phase and the Hadley circulation was underdeveloped. Monsoonal rainfall was

below average in both hemispheres.

Introduction

This seasonal summary examines the circulation
within the Darwin Regional/Specialised Meteor-
ological Centre (RSMC) analysis domain, 70°E-
180°, 40°N-40°S, during the period November
1989 to April 1990, with particular emphasis on
the area between 20°S and 20°N.

Data sources include seven-year (1983-1989)
mean wind analyses from the tropical analysis
scheme of Davidson and McAvaney (1981), and
the climatological mean winds of Atkinson and
Sadler (1970) and Sadler (1975). Anomaly fields
were averaged over two three-month periods:
November 1989 to January 1990 (NDJ) and
February 1990 to April 1990 (FMA). Such a div-
ision was appropriate since the monsoon in both
hemispheres was active during the first three
months and rather insipid throughout the latter
period. Time series of velocity potential and out-
going long wave radiation (OLR) were adapted
from those published in Darwin Tropical Diag-
nostic Statements (DTDS) (see Appendix), and
sea-surface temperature (SST) anomalies were
calculated from the climatology of Reynolds
(1983). Mean sea level pressure (MSLP) anomal-
ies were derived manually from monthly CLI-
MAT message and supplemented with grid-point
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values extracted from the Japan Meteorological
Agency Monthly Report on Climate System
(MRCS) and analysed data archived in the
National Meteorological Centre, Melbourne.
Other data sources are referred to in the text
where appropriate.

The tropical circulation of November
1989 to April 1990

The cool El Nifio/Southern Oscillation (ENSO)
episode that started in March to May 1988 (Chel-
liah 1990) was in decline between May and
October 1989 (Bate 1991).

Table 1 shows values of the Southern Oscil-
lation Index (SOI); below zero values are evident
for each month in the November 1989 to April
1990 period. The nadir occurred in February and
was due in the main to a large positive MSLP
anomaly (+ 3.5 hPa) at Darwin; otherwise, values
fluctuated nearer to zero. The February MSLP
anomaly at Darwin equalled the January 1983

Table 1. Southern Oscillation Index (SOI), November
1989-April 1990.
Nov  Dec  Jan Feb  Mar  Apr
SOl -2 —6 -2 —18 -8 -1




256

Australian Meteorological Magazine 39:4 December 1991

Fig.1 SOI from January 1980: (a) monthly values to
April 1990; (b) five-month running mean to
February 1990.
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value, and represented the second largest positive
excursion of MSLP anomaly for any month since
1882; the highest (+3.8 hPa) was in February
1983, during the last major warm ENSO epi-
sode.

Figure | shows the fluctuation of SOI from
January 1980 to April 1990 and its five-month
running mean to February 1990, a period that
includes the warm ENSO event of 1982/83.
Janowiak (1990) noted that many atmospheric
and oceanic features in the tropical Pacific during
the December 1989 to February 1990 period were
consistent with early stages of past warm ENSO

episodes. He added however that the large SOI
change between January 1990 and February 1990
does not necessarily imply that low values will
persist. Large SOI changes between January 1978
(—3.8)and February 1978 (—25.7), and February
1981 (—4.0) and March 1981 (—15.4) were not
immediately followed by warm ENSO events.

Table 2 compares Darwin MSLP anomalies for
the 12-month periods May 1982 to April 1983 and
May 1989 to April 1990. Little similarity between
the periods is apparent. Furthermore, during the
six months leading up to the respective November
to April periods, anomalies were always positive
in 1982 (a precursor to the El Nifio of 1982/83)
while they were mostly below zero in 1989 (during
a cool El Nifio phase in 1988/89). This lends sup-
port to Janowiak’s earlier implication that an El
Nifio event was not necessarily developing.

Figures 2(a) and 2(b) show MSLP anomalies for
the respective three-month periods NDJ and
FMA. Positive anomalies over most of the Aus-
tralian region tropics during the entire period are
consistent with a negative SOI phase. Pressure
anomalies peaked in February, and values of +4
hPato + 5 hPa were common about the northwest
Australian continent and adjacent waters, indi-
cating a weaker than normal heat trough and
monsoon trough were in operation throughout
most of the southern hemisphere, especially dur-
ing FMA,

In the southern hemisphere subtropical ridge,
pressures were below average to the west of the
Australian continent and above average to the
east where blocking was a contributing factor.
Slightly deeper than normal troughing was evi-
dent in the South Pacific convergence zone
(SPCZ) area southeast of Papua New Guinea in
NDJ but a weak positive anomaly lay across that
area in FMA.

Positive anomalies dominated the area nor-
mally occupied by the subtropical ridge in the
northern hemisphere. At lower latitudes, deeper
than normal troughing remained a feature of
equatorial easterlies in the Pacific region. Nega-
tive anomalies over India and Indo-China reflect
deeper than average heat low activity during the
warmer months of the northern hemisphere
autumn and spring.

SST anomaly fields remained stable throughout
the period; the three-month averages NDJ (Fig.
3(a)) and FMA (Fig. 3(b)) show gross features gen-
erally consistent with individual months. Warm
anomalies maintained their dominance over most
of the RSMC area, however magnitudes around

Table 2. Mean sea level pressure anomaly (hPa) at Darwin for 1982/83 and 1989/90.

May  June Jul Aug Sep

Nov Dec Jan Feb Mar Apr

1982/83 +0.8 +1.6 +1.5 +19 +23
1989/90 —1.0 +04 —09 +05 —03

+22  +2.1  +35 +38 +25 +06
-0.2 +1.7 +06 +35 +07 +0.2
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Fig.2 MSL pressure anomaly (hPa): (a) NDJ; (b)
FMA. Contour interval 1 hPa.
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the Australian continent have gradually eased
from their values twelve months ago (cf. Keith et
al. (1991) and Bate (1991)).

In the equatorial central Pacific, cold anomalies
illustrated by Keith et al. (1991) during the same
period in 1988/89 were noted to be in decline by
Bate (1991) during May to October 1989.
Janowiak (1990) observed that a warm water
buildup in the equatorial western Pacific moved
eastwards across the dateline during the period
December 1989 to February 1990. Monthly SST
anomaly fields in MRCS support this develop-

ment and reveal a positive anomaly environment -

about the equator east of the dateline, continuing
until April 1990, and are consistent with negative
SOI values.

A major area of cold SST anomaly straddled
20°N and extended from the dateline to around
130°E, supporting a below average cloudiness bias

Fig.3 Mean SST anomaly (°C): (a) NDJ; (b) FMA.
Contour interval 1°C.
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in that area, espcially during FMA. Figure 4 (ad-
apted from MRCS) traces monthly mean high-
cloud amount anomalies for the period. With the
exception of January, negative high-cloud anom-
alies dominated the oceanic areas to the west and
northwest of tropical Australia, indicating the
inactivity of the northeast (northern hemisphere)
and northwest (southern hemisphere) monsoons.
February in particular had below average high-
cloud over most of the southern hemisphere
tropics.

Above average cloudiness over parts of the
northern hemisphere Pacific south of 20°N is
likely to be associated with negative MSLP
anomalies and tropical cyclone activity in that
area, which coincides with an expanse of positive
SST anomalies.

Low-level (950 hPa) vector wind anomalies for
NDJ (Fig. 5(a)) and FMA (Fig. 5(b)) indicate a
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Fig.4 Monthly mean high-cloud amount anomaly: (a) November 1989; (b) December 1989; (c) January 1990; (d)
February 1990; (e¢) March 1990; (f) April 1990. Below zero anomalies hatched. (Note: no climatology over
land.)
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stronger than normal and more northerly situated
northern hemisphere subtropical ridge. Stronger
northeast trade winds and westerly anomalies in
the near equatorial Pacific produced a cyclonic
anomaly near 15°N. Cyclonic anomalies were also
a feature of the southwest Pacific areas suggesting
an active SPCZ and monsoon trough in that re-
gion. A stronger subtropical ridge in the east Tas-
man Sea and a weaker than normal ridge west of
Australia produced weaker southeast trade flow
over the Australian continent. In NDJ, cross-
equatorial northeasterly vector wind anomalies
predominated west of 130°E. An equatorial cross-
section of mean meridional wind anomaly during
NDJ (Fig. 6(a)) shows low-level northerly com-
ponents to be most common between 70°E and
140°E. Southerly components can be seen to be
weakly intruding on the cross-section east of
140°E; a stronger than normal monsoon flow in
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the low levels during NDJ is implied. Low-level
southerly anomalies are scattered over a signifi-
cant range of longitudes of the equatorial cross-
section in FMA (Fig. 6(b)) and, together with
a preponderance of near equatorial low-level
southerly vector wind anomalies and anticyclonic
anomalies over an area normally occupied by the
monsoon trough to the northwest of Australia,
they strongly indicate a weaker than normal low-
level monsoon flow in FMA.

Upper-level (200 hPa) westerly vector wind
anomalies (Figs 7(a) and 7(b)) along most of the
equatorial belt suggest a weak monsoon return
flow. Anticyclonic anomalies east of Australia and
a cyclonic anomaly over the continent are reflec-
tions of a surface blocking pair in the Tasman Sea.
This interruption of the upper subtropical ridge
over Australia led to suppressed convective activ-
ity in the Australian tropics as indicated pre-
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Fig. 5 Mean 950 hPa vector wind anomaly: (a) NDJ; (b)
FMA. Isotach (solid lines) interval 2.5 m s—!.
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viously by high-cloud anomalies. The subtropical
jet in the northern hemisphere was stronger than
normal over Indo-China, China and Japan during
NDJ but weaker than normal through almost the
entire mid-latitude band in FMA.

Negative low-level velocity potential anomalies
for NDJ (Fig. 8(a)) show an area of below average
convergence in the far west Pacific, with branches
extending west over South-East Asia, Indo-China
and India, and south through Indonesia to
northwest Australia. Notable are positive low-
level velocity potential anomalies, indicating
above average convergence, over Japan and in the
southwest Pacific around the area normally occu-
pied by the SPCZ. Above average upper-level
divergence is reflected by positive velocity
potential anomalies in NDJ (Fig. 8(b)) and comp-
lements the low levels over most areas except near
Japan, where a below average divergence lies over
above average convergence. This, however, is
consistent with above average winter rainfall in
the area and its likely association with cold-cored

systems. In FMA below average low-level conver-
gence dominated the RSMC area and is shown by
negative low-level velocity potential anomalies in
Fig. 9(a). A significant exception was around east-
ern Australia where three tropical cyclones in
March and a locally forced area of instability for a
large part of April were likely contributing factors.
FMA upper-level divergence was below average
over the full range of RSMC latitudes between
1 10°E and 160°E. Below average low-level conver-
gence and upper-level divergence over areas nor-
mally affected by the monsoons further highlight
the underdevelopment of tropical flow systems,
especially in FMA.

Fig. 6 Equatorial cross-section of mean meridional
wind anomaly (m s—!): (a) NDJ; (b) FMA.
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Fig. 7 Mean 200 hPa vector wind anemaly: (a) NDJ; (b) FMA. Isotach (solid lines) interval 2.5 m s—L,
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Fig.8 Mean velocity potential anomalies for NDJ; (a) 950 hPa; (b) 200 hPa. Contour interval 10 X 104 m2s—!, negative

dashed.
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Fig.9 Mean velocity potential anomalies for FMA: (a) 950 hPa; (b) 200 hPa. Contour interval 20 X 104m2 s~ !, negative
dashed.
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Fig. 10 Time-longitude cross-section of 200 hPa vel-
ocity potential (104 m2 s—!) for November 1989
to April 1990 averaged between: (a) 5°N and
15°N; (b) 5°S and 15°S. Adapted from DTDS.
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Fig. 11 Onset dates of northeast monsoon at seven sta-
tions in South-East Asia in 1989.
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Fig. 12 Latitude-time cross-section of 850 hPa zonal
winds across Indo-China and Peninsular Mal-
aysia. E: easterly component winds; W: westerly
component winds. Monsoon (near-equatorial)
trough during 1989-90, dashed line; long-term
mean monsoon (near-equatorial) trough, solid
line.
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Near-equatorial time-longitude cross-sections
of velocity potential at 200 hPa (close to the con-
vective outflow level) are shown in Fig. 10. No-
table is the reduced convective activity during
February on either side of the equator. Compara-
tively reduced activity is also implied during De-
cember in the northern hemisphere section. Mad-
den-Julian (1971, 1972) oscillations, generally in
the 40 to 50-day range, were evident throughout
the season with strong coherence between the
hemispheres. Higher frequency modes also ap-
peared, manifested most strongly in the southern
hemisphere in NDJ.

Based on the objective definition of Cheang and
Tan (1988), dates of the onset of the northeast
monsoon at seven northern hemisphere South-
East Asian centres are illustrated in Fig. 11. Onset
normally occurs along the northeast coast of Pen-
insular Malaysia in mid-November and on the
northwest coast of Borneo in late December
(Cheang 1980). The onset time over Malaysia in
1989 was near normal. Figure 12, a latitude-time
cross-section of 850 hPa zonal wind along 103°E,
clearly depicts the southward advance of the mon-
soon (or near-equatorial) trough over Malaysia
and Indo-China during the northern winter of
1989/90; also shown are the long-term daily mean
positions. The trough was located south of its
mean position for most of October and Novem-
ber. Thereafter, it frequently disappeared from
the Peninsular Malaysia/equatorial South China
Sea region but, when detectable, the trough was
generally located further south than normal.

Oscillations of active and break phases in the
northeast monsoon over the South China
Sea/Malaysia region are strongly associated with
cold surges in the South China Sea and normally
occur on a 10 to 20-day time-scale (Yap et al.
1982; Bate et al. 1989). To examine oscillations of
this mode, a recursive 10 to 20-day band-pass fil-






