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A summary of the broadscale tropical circulation from November 1991 to April 1992
in the area of analysis responsibility of the Darwin Regional/Specialised Meteoro-
logical Centre — that is, from 70°E to the date-line — is presented. The six-month
season was characterised by a maturing El Niiio event and anomalies typical of this
phase of ENSO were observed. In the southern hemisphere the summer monsoon
was poorly developed over much of the longitude range, resulting in below average
rainfall about tropical Australia. Tropical cyclone activity about Australia and the
southwest Pacific was displaced eastward from normal longitudes. In the northern
hemisphere, although the northeast monsoon began earlier than usual in some
parts, and featured an above-average number of surges, it was generally poorly
developed. Rainfall over much of South-East Asia was below average for the six

months.

Introduction

This summary discusses the broadscale circu-
lation during the period November 1991 to April
1992 in the area of synoptic analysis responsi-
bility of Darwin Regional/Specialised Meteoro-
logical Centre (RSMC) — that is, between 40°N
and 40°S, 70°E and 180° — focussing on tropical
aspects. The format is based on that of the
monthly Darwin Tropical Diagnostic Statement
(DTDS — see Appendix). The intent is to provide
a concise circulation summary, based principally
on operational (not post-analysed) Darwin RSMC
analyses and seasonally averaged analyses. Pre-
vious summaries in this series have described the
broad climatological features (e.g. Kingston et al.
1987).

Data sources

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
(1981), were averaged over the six months; anom-
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alies are from a six-year climatology (Lavery et al.
1991). Sea-surface temperature (SST) anomalies
were calculated from the climatology of Reynolds
(1983).

Broadscale seasonal features

Southern oscillation

Figure 1 shows the ten-year behaviour of Troup’s
Southern Oscillation Index (SOI) and its sym-
metrical five-month running mean. Monthly
values from January 1990 are given in Table 1.
The season was characterised by a maturing El
Nifio event. The SOI was negative for the entire
six months, with values fluctuating between
extremes of —7 in November and —26 in Janu-
ary. The five-month running mean fell almost
throughout the entire six-month period, reaching
aminimum of —19 in April (i.e. mean centred on
February). This indicates a significantly weaker
than normal Walker circulation. With the excep-
tion of December, the contribution of Darwin’s
positive pressure anomaly to the SOI was greater
than that from Tahiti’s negative anomaly.
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Fig.1 SOI from April 1982; thin line: monthly values to
April 1992; thick line: symmetrical five-month
running mean to February 1992.
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Sea-surface temperature

Figures 2(a) and (b) respectively depict the six-
month SST mean and anomaly patterns across the
region. Except for a tongue of warmer than nor-
mal water extending westward across the equa-
torial Indian Ocean from Indonesia, most of the
tropics were characterised by generally small
anomalies: a weak cool anomaly over the north-
west Pacific to the southeast of Japan and a weak
warm one elsewhere. A notably warm anomaly
was analysed over the seas about Japan, while sub-
tropical southern latitudes were generally close to
the mean, apart from some warm patches about
the Australian coast. This anomaly pattern is
broadly similar to that shown by Dixon et al.
(1988) for the six months November 1986 to April
1987, which was also characterised by a maturing
ENSO event.

Inspection of individual monthly analyses pub-
lished in DTDS shows that the majority of the
broadscale features were generally conservative
throughout the six months. The northwest trop-
ical Pacific cool anomaly was strongest in Feb-
ruary, when the Indian Ocean warm anomaly was
also at its peak and when warm anomalies greater
than + 1°C first made their appearance across the
equatorial date-line, from the east. By this time
moderate warm anomalies had also replaced an
earlier cool pattern in the southwest Pacific.

Table 1. Monthly SOI January 1990 to April 1992.

Fig. 2 Six-month SST, °C, November 1991 to April
1992: (a) mean, (b) anomaly.
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Tropospheric circulation

Mean sea-level pressure and gradient-level flow

Figure 3(a) shows a six-month analysis of mean
sea-level pressure (MSLP) from TAS. The
anomaly pattern (Fig. 3(b)) was obtained by aver-
aging on a 5°X5° grid the six individual monthly

Jan Feb Mar Apr May

Jun Jul Aug Sep Oct - Nov Dec

1990 -2 —18 -8 -1 +14
1991 +4 0 —10 —12 —18
1992 —26 —10 —22 17

0 +5 -4 -7 -1 -5 -4
-6 -2 -7 —-16 -13 =7 -I8
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Fig. 3 Six-month MSL pressure, hPa, November 1991
to April 1992: (a) mean, (b) anomaly.
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analyses published in DTDS, themselves derived
from TAS and modified by station data obtained
from monthly CLIMAT messages. Figures 4(a)
and (b) respectively show the six-month flow and
anomaly patterns at gradient (950 hPa) level.

In tropical parts, pressures generally reflected
the El Nifio influence, and were mostly above the
‘long-term means, except in the south Pacific near
the date-line, and in part of the south Indian
Ocean. Both the strength and extent of this posi-
tive anomaly increased from the May-October
pattern shown by Carello et al. (1994). In the
southern hemisphere, the subtropical ridge was
generally a little stronger than the mean. About
southeastern Australia and the southwest Pacific
it had a west-southwest/east-northeast orien-
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Fig.4 Six-month 950 hPa flow, November 1991 to April
1992: (a) mean, isotachs (dashed) in m s~!,

(b) anomaly.
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tation, a contrast to the more usual zonal align-
ment. This resulted in positive pressure anom-
alies south of the Great Australian Bight and near
New Caledonia.

A maturing El Nifio phase is typically associ-
ated with westerly low-level wind anomalies and
an anomalously strong monsoon shear line at east-
ern longitudes of the RSMC area (e.g. Rasmusson
and Carpenter 1982). These features are evident
in Fig. 4. On the other hand, anticyclonic anom-
alies further west over low latitudes of the
southern Indian Ocean indicate a poorly devel-
oped monsoon, again typical of El Nifio. This was
despite enhanced cross-equatorial flow from the
northern hemisphere associated with a stronger
than normal ridge over the Bay of Bengal. In
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addition, the northeast monsoon shear line over
the north Indian Ocean was displaced southward
to the equator from its normal position near
3°-4°N. Comparison with climatological charts
(not shown) reveals that much of the northeast
flow was evidently dissipated in this latter system
rather than becoming part of the southern hemi-

_sphere monsoon system. Southwesterly anom-
alies through the South China Sea and tropical
northwest Pacific also imply a generally poor
contribution to the summer monsoon at central
longitudes.

Upper-level flow

Figures 5(a) and (b) respectively show the six-
month flow and anomaly patterns at the 200 hPa
level. In the upper atmosphere, the typical El Nifio
pattern consists of divergent easterly anomalies
near the equatorial date-line, with implied anticy-
clonic anomaly circulations east of the date-line.
This pattern is obvious here; the major anticy-
clone in the southern hemisphere is normally
found west of the date-line near Solomon Islands.
This is consistent with an enhanced summer
monsoon at these longitudes. Further west the
equatorial easterlies were below average strength,
indicating reduced outflow from the upper ridge
and thus a poorly developed Hadley circulation;
this. was particularly noticeable at Australian
longitudes. Again, this generally reflected the
weak low-level monsoon circulation.

At southern hemisphere mid-latitudes the flow
was generally similar to the long-term mean. A
slightly enhanced Western Australian trough pro-
duced above-average westerlies in the 10°-25°
latitude band, despite the weakened ridge to the
north. Southwesterly and northwesterly anom-
alies over the southwest Pacific are consistent
with a strong long wave trough east of the date-
line (evident on summer and autumn charts from
NMC Melbourne — not shown) and an anomal-
ously strong lower latitude trough over the Coral
Sea.

In the northern hemisphere an extensive field
of westerly anomalies throughout much of the
tropics west of 150°E was associated with a sub-
tropical ridge which lay several degrees south of
its mean latitude. In addition, a westerly trough
extended well into central and southern China,
southwest of its climatological position.

Cross-equatorial interaction

Figures 6(a) and (b) show respective cross-
sections of the mean and anomalous meridional
wind at the equator. At low levels the ENSO influ-
ence is most obvious in the east. This is particu-
larly so near the date-line, where strong northerly
components indicate a heightened contribution to
the enhanced monsoon circulation. Further west,
northerly anomalies were weaker, consistent with
a poorer developed monsoon, and actually revers-
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Fig.5 Six-month 200 hPa flow, November 1991 to April
1992: (a) mean, isotachs (dashed) in m s,

(b) anomaly.
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ing west of 110°E at some levels. This is also seen
in Fig. 4(b), which shows weak or zonal anomalies
along the equator at 950 hPa. A band of weak
northerly anomalies was evident west of 95°E, but
this appears to have had little influence on the
summer monsoon in this region, as discussed
earlier.

In the upper troposphere the anomaly pattern is
not obviously related to ENSO. Cross-equatorial
flow was in general similar to the climatological
mean, the anomaly centres in most cases rep-
resenting only small shifts in longitude from the
mean locations. The pattern east of 110°E shows
some similarity with that of the same period in



Bate and Cheang: Australian/Asian region tropical circulation 75

Fig.6 Equatorial cross-section of six-month meridional
wind component: (a) mean, (b) anomaly. Isotach
interval 2.5 m s~ !, negative (northerly) dashed.
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1990-91 (Stringer et al. 1994), when the El Nifio
event began to develop. The only significant
anomaly is the northerly one near 170°E, appar-
ently indicating that the strongest southerly flow
was displaced further east, where the monsoon
Hadley cell was more vigorous. At western
longitudes, although anomalous southerly flow
occurred, it was due to weaker (but more merid-
ional) than average flow emanating from the ridge
"in the summer hemisphere.

Broadscale vertical motion and convection

Figure 7 shows six-month average velocity poten-
tial at 950 hPa and 200 hPa. Note that a model-
imposed zero boundary condition applies at the
edges of the domain. The charts show typical
broadscale features, which include general up-
motion centred across the southern equatorial
belt, where upper divergence overlies lower con-
vergence. Down-motion is-generally diagnosed in
the subtropics, especially in the winter hemi-
sphere.

An obvious feature is the sharp axis of positive
low-level velocity potential (convergence)
overlain by an upper-level negative centre (diver-
gence) east of Papua New Guinea, well east of its
climatological position, indicating strong broad-
scale up-motion. This is in agreement with the

previously noted enhanced monsoon circulation

in this region,-associated with El Nifio. It is likely
that, without the zero boundary condition, this
divergence centre would have been located even
further eastward.

Further west the pattern was closer to the long-
term mean. The axis of low-level convergence lay
close to its mean latitude, while the axis of
strongest upper divergence was generally situated
a little south of its normal latitude, possibly
suggesting less vertical coherence than normal.
Upper divergence over western longitudes was
generally a little below average, indicated by -
weaker gradients and gentler curvature than
normal when compared to climatological charts
(not shown).

A feature only evident at low levels is the axis of
convergence immediately east of the Philippines,
associated with deceleration of the northeaster-
lies. To the northeast of this, convergence of low-
level flow into the persistent westerly trough is
also evident, topped by divergent flow associated
with the edge of the jet stream.

Intraseasonal variations

Broadscale variations
Figure 8 shows outgoing long wave radiation

(OLR) anomalies for each month, November

1991 to April 1992. These patterns are taken to
represent tropical convective activity, with nega-
tive.anomalies-correspondingto deep convection.
A number of features were persistent throughout
the six months, and therefore typified the season
as'a whole. They include enhanced activity in the
equatorial Pacific east of about 160°E, and gener-
ally suppressed conditions in the southern hemi-
sphere summer monsoon region, particularly in
December, January and March. The same applied
in the low-latitude northwest .Pacific, to all
months in varying degrees. Month-to-month vari-
ations may be compared with tropical cyclone
occurrences listed in Tables 2 and 3.



76

Australian Meteorological Magazine 44:1 March 1995

Fig. 7 Six-month mean velocity potential, negative
dashed: (a) 950 hPa, contour interval 30 X 104
mz s‘:, (b) 200 hPa, contour interval 50 X 104
mes™’,
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The OLR patterns can be related to active and
inactive phases of the 30 to 60-day intraseasonal
oscillations (ISO). Higher frequency oscillations
are discussed in the section on the Asian northeast
monsoon. Time-longitude series of OLR and
200 hPa velocity potential are shown in Figs 9 and
10 respectively. Several pulses of the 30 to 60-day
wave are evident. The first was in November, and
appeared most strongly in the northern hemi-
sphere. Velocity potential series show a second
pulse shortly after, in the first half of December.
Its effects were confined predominantly to west-
ern longitudes and only the equatorial OLR series
indicates any significant response in convective
activity. The remainder of the season was domi-

nated by three stronger ISO pulses: from late
December to early January, and during much of
both February and April. Active periods were gen-
erally reflected in groups of cyclone genesis
events. This clustering of occurrences with pulses
of the ISO is a frequently observed phenomenon
(e.g. Gray 1988). Also clear is that deep convec-
tion was generally more subdued at central longi-
tudes than at the eastern and western extremities
of the domain, consistent with circulation fea-
tures, and expected with this phase of ENSO.

Australian northwest summer monsoon

Rainfall for the season over north Australia is
depicted in Figs 11 and 12. Large areas of north-
western, northeastern and central Australia
experienced below average rainfall for the six
months, most of the remainder receiving rainfall
in the middle ranges.

The evolution of the summer monsoon over
north Australia can be inferred from station data
recorded at Darwin (12°S, 131°E). Six-month time
series of 850 hPa winds and daily rainfall are
shown in Fig. 13. The only period of sustained
westerly monsoonal flow occurred in February,
when the monsoon trough lay well inland, result-
ing in above-average rainfall over large tracts of
eastern Australia. However, the westerly flow at
Darwin was not generally strongly convergent, the
only large daily total from the month occurring
with the passage to the south of a tropical
depression.

Otherwise there were only brief periods of
poorly organised westerly flow — corresponding
with peaks in the ISO, but bringing only brief
periods of concentrated rainfall. Most rainfall was
produced by an easterly regime on the south side
of the monsoon trough, and was often at least
partly the result of diurnal forcing.

The end of February saw the monsoon’s with-
drawal from the Australian mainland. However
the passage of a wave of the ISO briefly rekindled
activity in the monsoon trough to the north of
Australia, culminating in the genesis of tropical
cyclone Neville. Its passage close to Darwin
resulted in above-average April rainfall in what
was otherwise a poor wet season.

Asian northeast winter monsoon

This description applies to the period October
1991 to March 1992. The monsoon was generally
mild in terms of rainfall over Brunei, Malaysia
and Singapore. Heavy rain occurred in southern
parts of Peninsular Malaysia during November
and December, but otherwise rainfall was gener-
ally below average. This rainfall pattern is typical
of El Nifio conditions. Cheang (1987) found that,
in particular, drought conditions in northern
Borneo, similar to those experienced from Janu-
ary to March 1992, are associated with El Nifio.
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Fig. 8 Monthly mean OLR anomaly, contour interval 15 W m~2, positive dashed, negative ﬁrm. Thick line: zero.
(a) November 1991, (b) December 1991, (c) January 1992, (d) February 1992, (¢) March 1992, (f) April 1992.
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Onset of the monsoon (for definition, see Bate
et al. (1989)) occurred on 2 October over the
northern Philippines and northern Thailand, and
it finally reached western Borneo on 12 Decem-
ber, onset over Malaysia occurring earlier than
normal. Monsoon onset dates are shown in
Fig. 14. The progress of onset, and subsequent
behaviour of the monsoon trough, was far from
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smooth, as seen in Fig. 15. After reaching north-
ern Thailand near the normal time, the trough
fluctuated north of the mean position during the
first half of October, then disappeared and formed
again well south of the mean position several days
later. For the rest of the period it remained mostly
south of the mean position.

The monsoon trough disappeared south of the






