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A summary of the broadscale tropical circulation from 70°E to the date-line, for
November 1992 to April 1993, is presented. Warm ENSO conditions persisted
through the season, and there was an eastwards shift of the upward branch of the
Walker circulation towards the date-line. Associated with this, rainfall across
central and eastern parts of Australia was generally average to below average, and
downmotion anomalies were evident over the southwest Pacific. The Asian north-
east winter monsoon produced weaker than normal winds over east China and the
South China Sea; however, the northeast trade winds extended strongly into the
western Pacific during two periods. Each of these periods coincided with the east-
ward movement of a broadscale intraseasonal oscillation from the Indian Ocean to

the western Pacific.

Introduction

This summary reviews the broadscale tropical
circulation in the Australian/Asian region during
the period November 1992 to April 1993. 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 to portray variations of
the tropical circulation within the season. The
final section briefly summarises the occurrence of
tropical cyclones in this six-month period.

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). All other data sources used are
listed in the Appendix.
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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. Values from January 1991
to April 1993 are listed in Table 1. The season was
characterised by persistent moderate negative
values of the SOI. This indicates a moderate re-
emergence of the ENSO warm event that matured
during the previous austral summer (Bate and
Cheang 1995) then failed to decay completely
during winter (Cleland et al. 1995).

Fig.1 SOI time series for ten years to April 1993:
monthly values (thin line); and five-month
centred mean values (thick line).
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Table 1. Monthly values of Troup’s SOI for the period January 1991 to April 1993.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1991 +4 0 —10 —12 —18 =6 -2 -7 —16 —13 -1 —18
1992 —26 -10 —-22 —17 +1 —12 =7 +2 +1 —18 -7 -7
1993 -9 -9 —8 —18

Sea-surface temperature (SST)

Figure 2 shows six-month SST anomalies across
the region. Warm anomalies occurred across
Indonesia and the equatorial Indian Ocean, as
well as waters surrounding northern and south-
eastern Australia. Cold anomalies prevailed in the
tropical northwest Pacific. Although not evident
in Fig. 2, monthly analyses show that warm anom-
alies prevailed near the equator at the date-line
with values exceeding + 1°C early in the season.
To the south, over the South Pacific convergence
zone (SPCZ), small anomalies fluctuated above
and below zero.

In the central and eastern Pacific, warm SST
anomalies were predominant off the equator,
however weak and even cold anomalies occurred
on the equator. These cold anomalies contracted
eastwards as the season progressed. While the
overall pattern indicated warm ENSO conditions,
the anomalies were generally weaker than is
typical (Rasmusson and Carpenter 1982). Also,
analysis of subsurface ocean temperatures shows a
weaker pattern of warm anomalies across the
equatorial Pacific than during the previous
austral summer (Bell and Basist 1994).

Fig.2 Six-month SST anomaly (°C) November 1992 to
April 1993; contour interval 1°C.
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Mean sea-level pressure and gradient-level wind
Figures 3 and 4 show the six-month mean and
anomaly charts for MSLP and gradient-level (950
hPa) wind. A notable feature of Fig. 3(b) is the
broad dominance of positive pressure anomalies,
falling away to near or below zero anomalies at the
tropical date-line. Similar to the previous austral
summer, this pattern reflected the ENSO influ-
ence.

Fig.3 Six-month MSL pressure (hPa) November 1992
to April 1993: (a) mean; (b) anomaly.
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Fig. 4 Six-month 950 hPa wind field November 1992 to
April 1993: (a) mean, isotachs (dashed) in m s;
(b) anomaly.
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Likewise, the westerly wind anomalies in the
equatorial western Pacific (Fig. 4(b)) were indica-
tive of warm ENSO conditions, and had persisted
for several seasons. The gradient-level wind
anomalies show that the near-equatorial trough
(NET) in the northwest Pacific was stronger than
normal and extended further east to the date-line
than in the climatological mean (not shown). The
SPCZ was slightly further north than normal.
Southerly anomalies through the SPCZ indicate
that the cross-equatorial flow penetrated south-
wards around the trough much less than normal.
High pressure and anticyclonic wind anomalies
were situated to the south and southwest.

Low pressure anomalies over northwest China
suggest that the Siberian high was weaker than
normal. This, together with the high pressure
anomalies across the northwest Pacific near 10° to
20°N, caused the northeast winter monsoon over
eastern China, the South China Sea and surround-
ing land areas to be weaker than normal (Figs 4(a)
and 4(b)).

Cross-equatorial surges from the northeast
winter monsoon provide an important inflow to
the northwest monsoon over northern Australia.
However, there are other mechanisms which, in
this season, more than compensated for the weak-
ness in the northeast monsoon. High pressure
anomalies over the Indian Ocean combined with
weak low pressure anomalies over southern Aus-
tralia to produce a stronger than normal onshore
southwesterly airstream, an effect that was par-
ticularly strong during February. Also, high press-
ure anomalies east of the Philippines produced a
stronger than normal northeast to northwest
cross-equatorial flow through longitudes 120°E to
140°E.

Upper-level wind and cross-equatorial circulation
Figures 5 and 6 show the six-month mean and
anomaly charts for 200 hPa wind and an equa-
torial cross-section of meridional wind. The
anomalously strong and diffluent upper easterlies
over the equatorial western Pacific in Fig. 5(b) are
indicative of warm ENSO conditions. In combi-
nation with the gradient-level anomalies they
portray a shift of the upward branch of the Walker
circulation towards the date-line, centred on and
north of the equator.

To the south, in the mid-latitude westerly
winds, troughs favoured central Australia and the
southwest Pacific (Fig. 5(a)) rather than the more
normal east Australian coast. A similar weakness
in the east coast trough is evident at 500 hPa
(chart not shown).

The westerly trough and jetstream were weaker
than normal over northern China. This weakened
cold outbreaks in the area, which is associated
with the weakness of the Siberian high and north-
east winter monsoon described earlier.

Figure 6(a) depicts a broadly normal Hadley
circulation, comprising low-level northerly flow
and upper southerly return flow. The anomaly
chart (Fig. 6(b)) highlights the weakened mer-
idional circulation near the date-line, where
both low-level northerlies and upper southerlies
were weaker than normal. The converse was true
in the longitude belt 120° to 140°E, where the
strengthened circulation assisted the north Aus-
tralian monsoon.
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Fig. 5 Six-month 200 hPa wind field November 1992 to
April 1993: (a) mean, isotachs (dashed) in m s!;
(b) anomaly.
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Broadscale vertical motion

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, as described in Stringer et
al. (1994), is to infer regions of deep tropospheric
upmotion.

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

Fig. 6 Equatorial cross-section of six-month meridional
wind November 1992 to April 1993: (a) mean;
(b) anomaly.
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The anomaly charts show generally mixed and
weak patterns across Australia, with little corre-
lation between the lower and upper levels. How-
ever, low-level divergence anomalies and upper
convergence anomalies near 130°E to 140°E north
of the equator point to downmotion, which is con-
sistent with the strengthened Hadley circulation
through these longitudes noted earlier.

The weakness of the Siberian high and the
northeast winter monsoon is illustrated by low-
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Fig.7 Six-month 950 hPa divergent wind component
November 1992 to April 1993: (a) mean;
(b) anomaly. Vector length indicates magnitude
(ms™).
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level convergence anomalies across eastern China
and surrounding sea areas, together with diver-
gence anomalies from the Malay Peninsula to
Borneo.

In the western Pacific near the date-line, much
stronger than normal upmotion is shown near and
north of the equator. To the south, however, there
are strong downmotion anomalies over a broad
area from the Solomon Islands southwards.

Intraseasonal variations

Broadscale variations :

Figure 9 shows the location of major regions of
deep tropical convection (low values of outgoing
long wave radiation (OLR)), and their evolution
with time. The overall seasonal pattern was
strongly modulated by several intraseasonal oscil-
lations. The most active region of deep convective
activity early in the season was the equatorial
Indian Ocean. During December this activity

Fig.8 Six-month 200 hPa divergent wind component
November 1992 to April 1993: (a) mean;
(b) anomaly. Vector length indicates magnitude
(ms™).
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propagated eastwards to the western Pacific fol-
lowing the typical life cycle for intraseasonal oscil-
lations as described, for example, by Knutson and
Weickmann (1987) and Rui and Wang (1990).

There was a suppressed period over the Indian
Ocean during early January in the wake of
this oscillation event. Equatorial westerlies re-
developed in mid-January, and the divergent
circulation and active tropical weather again
propagated eastwards to northern Australia then
the western Pacific during late January to early
February.

The typical life cycle broke down after this
event, with a broadscale monsoon circulation and
cyclogenesis events continuing in the southwest
Pacific throughout February and March. The
Indian Ocean remained generally suppressed,
apart from an active period in early March which
didn’t display any eastward propagation.

Finally, in early April, a further intraseasonal
oscillation event developed over the Indian
Ocean and propagated eastwards to the western
Pacific. Being late in the season, the deep convec-






