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A summary of the tropical circulation from 70°E to the date-line, for November 1990
to April 1991, is presented. The Southern Oscillation did not exert any notable
influence during this period. The Australian northwest summer monsoon was
stronger than normal, resulting in above average rainfall over northern Australia.
The Asian northeast winter monsoon was weaker than normal, resulting in below
average rainfall across South-East Asia. In the western Pacific, tropical weather
was more (less) active than normal north (south) of the equator. Associated with
this, the Hadley circulation was anomalously weak in that region, and fewer

cyclogenesis events than normal occurred in the southwest Pacific.

Introduction

This summary reviews the broadscale tropical cir-
culation in the Australian/Asian region during the
period November 1990 to April 1991. The area
reviewed is the Darwin Regional/Specialised
Meteorological Centre (RSMC) analysis domain;
40°S to 40°N, 70°E to 180°. The first section uses
six-month average charts to describe the overall
seasonal circulation and anomalies. The second
section uses time series and monthly average
charts to portray variations of the tropical circu-
lation within the season. The final section briefly
summarises the occurrence of tropical cyclones in
this six-month period.

All data sources used are listed in the Appendix.
Six-month mean charts were constructed using
the Tropical Analysis Scheme (TAS) of Davidson
and McAvaney (1981), and anomalies were calcu-
lated relative to the six-year climatology of Lavery
et al. (1991). The exception to this is mean sea
level pressure (MSLP) anomalies, for which the
TAS chart was subjectively modified using
monthly CLIMAT messages as discussed in Bate
et al. (1993). Sea-surface temperature anomalies
were calculated relative to the climatology of
Reynolds (1983) and averaged over two three-
month periods.

Corresponding author address: Mr R.K. Stringer, Bureau of
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Broadscale seasonal features

Southern Oscillation
Figure 1 shows the ten-year behaviour of Troup’s
Southern Oscillation Index (SOI) and its five-
month running mean. Monthly SOI values were
small (less than one standard deviation from the
average of zero) in the preceding five months and
through most of this season. This suggests a near
normal Walker circulation during the season.
However, the five-month mean values became
consistently negative, and monthly values fell to
—10 and —12 during March and April 1991 re-
spectively. This provided an early indication of a
developing ENSO warm event (for example,
Carello et al. (1994)).

Sea-surface temperature (SST)

Figure 2 shows SST anomalies for the two three-
month halves of this season. Anomalies are very
similar in the two charts. Warm SST anomalies
occurred in the equatorial western Pacific, pro-
viding a further indication of a developing ENSO
warm event.

Warm anomalies also occurred in the southwest
Pacific. Hence the low number of cyclogenesis
events in this region cannot be ascribed to cold
SST. Other persistent regional anomalies in-
cluded the warm SST anomalies in the equatorial
Indian Ocean, the near-normal temperatures
about tropical Australia, and the band of cold
anomalies near 20°N.
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Fig. 1 SOI time series for ten years to April 1991:
monthly values (thin line); five-month running
mean (thick line).
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Fig. 2 SST anomaly (°C) averaged over: (a) November
1990 to January 1991; (b) February to April
1991. Contour interval 1°C.
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The tropospheric circulation

Figures 3, 4, 5 and 6 show the six-month mean and
anomaly charts for mean sea level pressure
(MSLP), gradient level (950 hPa) streamlines,
200 hPa streamlines and an equatorial cross-
section of meridional wind. As discussed in Bate
et al. (1993), the wind anomalies have been de-
picted using streamlines. All anomalies at
950 hPa are less than 5 m s~ ! and at 200 hPa are
less than 10 ms™ .

The ridge of high pressure over eastern Asia was
slightly weaker than normal, which was reflected
in a weaker than normal low-level northeasterly
flow (hence southwesterly anomalies) in this
region. The exception to this was the stronger than
normal extension of the ridge to the northeast of
the Philippines, which produced an area of
stronger than normal northeasterlies that en-
hanced the cross-equatorial flow to the Australian
tropics at longitudes 120°E to 150°E.

Fig.3 Six-month MSL pressure (hPa) November 1990
to April 1991: (a) mean; (b) anomaly.

(a)

40N

20N

EQ

| S

e L

208

408 T T T T .
(b) 80E 100E 120E 140E 160E 180

40N

20N

EQ

208

408

T
80E 100E 120E 140E L60E 180



Stringer et al.: Australian/Asian tropical circulation November 1990 to April 1991 119

A notable feature of the Australian monsoon,
which is apparent in long-term mean charts (for
example, Lavery et al. (1991)), is the major con-
tribution made by air of southern hemisphere
origin. Southeast trade winds turn southwesterly
around the Western Australian heat trough and
contribute to the convergent westerly flow over
the deep tropics. However, this season there were
anomalously low pressures across the continent
and high pressures about the north coast, hence
a generally weakened trade flow and southwest
inflow to the monsoon. The anomalously strong
northwest monsoon about the north coast of Aus-
tralia, then, was entirely a result of the enhanced
cross-equatorial flow.

MSLP was marginally higher than normal over
the equatorial and southern Indian Ocean. As-
sociated with this, the equatorial westerly winds
were generally weaker than normal, hence easterly
anomalies are apparent.

Fig. 4 Six-month 950 hPa streamlines November 1990
to April 1991: (a) mean; (b) anomaly. Isotachs
dashed; interval Sms~!.
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The South Pacific convergence zone (SPCZ)
was weaker than normal west of the date-line.
Weak positive MSLP anomalies occurred through
parts of the region, and convergence of low-level
winds was reduced: both the southeasterly inflow
from higher latitudes west of 1 70°E, and the north-
easterly cross-equatorial inflow were weaker than
normal. The latter was caused by a stronger than
normal near-equatorial trough (NET) in the
northwest Pacific and associated equatorial west-
erly wind anomalies.

At 200 hPa, anomalies were generally consist-
ent with those in the lower troposphere. The east
Asian jetstream and mid-latitude westerly trough
were weaker than normal, as evidenced by the
easterly anomalies which also appear at mid-
tropospheric levels (not shown). This suggests
fewer than normal cold outbreaks and surges of
high pressure across China and the South China

Fig. 5 Six-month 200 hPa streamlines November 1990
to April 1991: (a) mean; (b) anomaly. Isotachs
dashed; interval 20 m s~ !, lowest 10 ms™1,
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Fig.6 Equatorial cross-section of six-month meridional
wind November 1990 to April 1991: (a) mean; (b)
anomaly. Isotach interval 2.5 ms™!; negative
(northerly) dashed.
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Sea, which is consistent with the lower tropo-
spheric anomalies previously noted.

A substantial wind anomaly confluence zone
occurred to the east and northeast of the Phil-
ippines, and this had two major components.
There was an anomalously strong cross-equatorial
return flow from the Australian monsoon through
longitudes 120°E to 150°E. The other component

was the stronger than normal equatorial easterly
wind outflow from the ridge overlying the north-
ern NET. To the south, ridging was stronger than
normal over eastern Australia while the trough in
the westerlies was located further east over the
southwest Pacific than normal.

The equatorial cross-sections of meridional
wind and its anomaly further illustrate and sum-
marise anomalies in the Hadley circulation.
Across Australian longitudes there were generally
stronger than normal low-level northerlies and
upper-level southerlies, indicating an anomal-
ously active Hadley circulation. The region from
150°E to the date-line also had a well developed
Hadley circulation, however the upper-level
northerly and low-level southerly anomalies indi-
cate that it was weaker than normal.

Vertical motion and rainfall

Figures 7 and 8 show the six-month mean and
anomaly charts for the divergent component of
the wind in the lower troposphere (950 hPa) and
the upper troposphere (200 hPa) respectively.
The purpose of these charts is to identify signifi-
cant regions of upper divergence (convergence)
overlying low-level convergence (divergence), and
hence infer deep tropospheric upmotion (down-
motion). Note that the divergent wind is unre-
liable near the boundaries: it is calculated from
velocity potential which has a zero boundary con-
dition, constraining the divergent wind to flow
perpendicular to the boundary.

The mean charts show typical broadscale
features. These include general upmotion across
the equatorial belt centred south of the equator,
where upper divergence overlies low-level conver-
gence, surrounded by general downmotion
across the subtropics particularly in the northern
(winter) hemisphere.

The anomaly charts show upper divergence and
low-level convergence across northern Australia,
implying greater than normal upmotion through
the region. Conversely, the SPCZ had upper con-
vergence and low-level divergence anomalies, in-
dicating that upmotion through this region was
weaker than normal. The area to the east and
northeast of the Philippines was characterised by
upper convergence and low-level divergence
anomalies, providing the downward component
of the enhanced Hadley circulation noted at these
longitudes. To the east of 150°E, upper divergence
and low-level convergence anomalies highlight
enhanced upmotion in the northern hemisphere
NET.

Low-level convergence anomalies over eastern
China are consistent with the previously noted
weakness of the high pressure system in this
region. Upper divergence anomalies over south-
east India and convergence anomalies over
southern China were not complemented by sig-
nificant anomalies at lower levels. Anomalies
over the Indian Ocean were mixed and weak.
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Fig. 7 Six-month 950 hPa divergent wind component
November 1990 to April 1991: (a) mean; (b)
anomaly. Vector length indicates magnitude

(ms™Y).,
(@
40N
N EFEES PN
20N ,}%fv—
%‘5/[?
EQ A L
205 o
3.
Maximum Vector |
408 T
(b) 160E 180

80E 100E 120E 140E 160E

Figure 9 shows areas of anomalous rainfall
during December 1990 to February 1991. Circu-
lation anomalies suggest that the Australian
northwest summer monsoon was more active
than normal. This is confirmed by the broad
region of high rainfall across northern Australia.
The other major anomaly evident is the below
average rainfall across South-East Asia including
southern India. This reflects the weakness of the
northeast monsoon.

Inspection of monthly rainfall quintile valuesin
DTDS (see Appendix) shows that below average
rainfall was also prevalent across South-East Asia
during November 1990 and March to April 1991.
Northern Australia experienced below average
rainfall during November 1990 and March to
April 1991, however wet season totals remained
above average (SCO — see Appendix).

Fig. 8 Six-month 200 hPa divergent wind component
November 1990 to April 1991: (a) mean; (b)
anomaly. Vector length indicates magnitude
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Fig.9 Anomalous rainfall areas December 1990 to Feb-
ruary 1991. Areas shown had less than 70 per
cent of normal rainfall (horizontal hatching), or
above 130 per cent (diagonal hatching) (after
Ilggmhly Report on Climate System, February
1991).
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Intraseasonal variations

Broadscale variations

Figure 10 shows monthly anomalies of the per-
centage of area covered by high cloud. Large high-
cloud amounts are assumed to indicate regions
of deep tropical convection. The anomalously
strong NET over the northwest Pacific, noted
previously, comprised both a late decay during
November and December, and an early redevel-
opment during March and April. This is reflected
in the positive anomalies of high-cloud amount in
this region during November and March to
April.

High-cloud amount anomalies were generally
weak or negative through South-East Asia, most
notably south of the equator during November,
and near and north of the equator during Decem-
ber. This reflects the weakness of the northeast
monsoon. The anomalously strong northwest
monsoon over northern Australia occurred pre-
dominantly in January (weak or positive anom-
alies) and February (strong positive anomalies).
The southwest Pacific had weak or positive anom-
alies during November and December, and pro-
duced the first severe tropical cyclones (Sina and
Joy) of the southern hemisphere summer. How-
ever, as the season progressed, negative anomalies

Fig. 10 Anomaly of monthly mean high-cloud amount (per cent area): (a) November 1990; (b) December 1990;
(c) January 1991; (d) February 1991; (e) March 1991; (f) April 1991. Contour interval is 10 per cent (after
Monthly Report on Climate System, November 1990 to April 1991).
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