Aust. Met. Mag. 44 (1995) 225-236

The tropical circulation in the

Australian/Asian region — May to
October 1992

S.J. Cleland
Regional Office, Bureau of Meteorology, Darwin, Australia

and

Boon-Khean Cheang and Huvi-Vein Tan
Malaysian Meteorological Service, Kuala Lumpur, Malaysia

(Manuscript received June 1995)

A summary of the broadscale tropical circulation from May to October 1992 in the
area of analysis responsibility of the Darwin Regional/Specialised Meteorological
Centre — that is from 70°E to the date-line - is presented. Mature El Nifio conditions
were apparent during the previous austral summer. Early in the summary period,
most indicators showed that El Niiio began to weaken but did not fully dissipate.
Weak warm conditions lingered and were generally re-intensifying at the end of the
period. The northern hemisphere summer monsoon produced mostly near-normal
rainfall totals. Five active phases of the intraseasonal oscillation were noted, with an
average periodicity at about 40 days. More than the mean number of tropical

cyclones developed during the period.

Introduction

This summary describes the broadscale features
of the atmospheric circulation within the Darwin
Regional/Specialised Meteorological Centre
(RSMC) area of responsibility (AOR) (40°N to
40°S, 70°E to 180°) during the period May to Oct-
ober 1992. Emphasis is placed upon tropical
aspects. It is part of a series aimed at providing a
concise summary of the tropical features of the
general circulation. It is based principally on oper-
ational (not post-analysed) Darwin RSMC and
seasonally averaged analyses. Previous summar-
ies in this series have described the broad clima-
tological features (e.g. Kingston et al. 1987).

Data sources

The seasonal mean charts are six-month averages
of the Tropical Analysis Scheme (TAS) of David-
son and McAvaney (1981). Anomalies are derived
from the six-year TAS climatology of Lavery et al.
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(1991). Sea-surface temperature (SST) anomalies
were calculated from the climatology of Reynolds
(1983). All other data sources are listed in the
Appendix.

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 values from Janu-
ary 1990 are given in Table 1. Mature El Nifio
conditions dominated the previous austral sum-
mer. In the early stage of the summary period
there were indications that these would break
down. The monthly SOI increased to above zero,
with the five-month running mean increasing
until near the end of the period, and northeast
Australia received good May rainfall. The out-
going long wave radiation (OLR) anomalies (see
Fig. 8), which had been significantly negative
along the equatorial Pacific, also began to weaken,
returning to near zero by June. This coincided
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Fig.1 SOI from October 1982. Thin line: monthly
values to October 1992; thick line: symmetrical
five-month running mean to August 1992.
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with minimum OLR values returning to Asian
regions, instead of the central Pacific, implying
the main upward branch of the Walker circulation
had returned to its more usual location near Aus-
tralasian longitudes. Significant warm SST anom-
alies were evident on seas near Indonesia and the
Philippines. However, warm SST and weak west-
erly low-level wind anomalies persisted through-
out the period in the near-equatorial western
Pacific. El Nifio-type indicators then showed con-
solidation again near the end of the summary
period. The average SOI for the six-month period
was —6.

Sea-surface temperatures

Figures 2(a) and (b) respectively depict the six-
month SST mean and anomaly patterns across the
region. During the summary period the warm
pool in the western equatorial Pacific remained
about one degree warmer than the long-term
mean, while the cool tongue in the eastern equa-
torial Pacific (east of the RSMC AOR), which was
almost absent at the beginning of the period,
developed rapidly to show cool anomalies from
July. Warm anomalies were predominant over
most of the AOR. Anomalies near the Australian
and South-East Asian regions were significantly
positive. Cool anomalies were evident about the
subtropical northwest Pacific.

Mean sea-level pressure
Figure 3 shows mean sea-level pressure (MSLP)
averaged over the six months (Fig. 3(a)), together

Fig.2 Six-month SST, °C, May to October 1992:
(a) mean, (b) anomaly (solid line = zero).
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with anomalies (Fig. 3(b)). Figure 3(a) is a six-
month average of monthly TAS data, while
Fig. 3(b) was derived by producing a composite of
individual monthly anomalies taken from Darwin
Tropical Diagnostic Statement (DTDS), averaged
on a 5° X 5° grid. (In DTDS the raw anomaly pat-
tern from TAS is subjectively modified by station
data obtained from monthly station summaries
given in CLIMAT messages.)

The MSLP anomaly pattern does not exhibit a
strong ENSO signal, with only small anomalies

Table 1. Monthly values of Troup’s SOI for the period January 1990 to October 1992

Jan Feb Mar Apr May  June Jul Aug Sep Oct Nov Dec
1990 -2 —18 -8 -1 +14 0 +5 —4 -7 -1 -5 —4
1991 +4 0 —-10 —-12 —18 -6 -2 -7 -16 —-13 -7 —18
1992 —-26 —10 =22 —-17 +1 —12 -7 +2 +1 —18
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Fig. 3 Six-month MSL pressure, hPa, May to October
1992: (a) mean, (b) anomaly (solid line = zero).
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over most of the region. The largest anomalies,
near the southern mid-latitude date-line, are evi-
denced by an anomalous trough on the six-month
mean isobaric analysis and a corresponding
northward shift of the subtropical ridge (STR)
there. Pressures were near average over most of
Australia, slightly higher than normal over the
southern tropics and most of the Asian mainland,
and slightly less than normal over most of the
northern summer monsoon regions.

Lower tropospheric flow
Figures 4(a) and (b) show the six-month flow and
anomaly patterns respectively at gradient (950
hPa) level. The westerly anomalies in the near-
equatorial western Pacific resulted from a general
weakening of the easterly flow, with actual west-
erlies in parts, and are indicative of El Nifio influ-
ences. Monthly analyses showed that while these
westerly anomalies were strongest near the begin-
ning and end of the summary period, they existed
in this region throughout. Weaker than normal
southeasterly trade flow was evident over most of
the southern hemisphere region.

Over northern India, weaker than normal mon-
soon flow (easterly anomaly) was coherent with

Fig.4 Six-month 95Q . hPa flow, May to October
1992: (a) mean, isotachs (dashed) in m s},
(b) anomaly.
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westerly anomalies at 200 hPa, and below average
rainfall. The cyclonic anomaly in the near-
equatorial trough south of the equator over the
Indian Ocean implies a concentration of vorticity
in this region, at the expense of cross-equatorial
flow into the summer monsoon. Weaker than
normal monsoon flow was evident over the east-
ern Bay of Bengal, extending eastward to the
Philippine islands. The east to northeast trade
flow over the northwest Pacific was mostly weaker
than normal.

Upper tropospheric flow

Figures 5(a) and (b) respectively show the six-
month flow and anomaly patterns at the 200 hPa
level. The southern hemisphere STR was near its
climatological location and stronger than normal
over the near-equatorial Pacific. The embedded
high was east of the date-line, compared to its
climatological position at 170°E, consistent with
an eastward shift of enhanced convection at either
end of the summary period. This produced
stronger than normal divergent easterlies above
the western near-equatorial Pacific and is indica-
tive of El Nifio conditions. The southern hemi-
sphere subtropical westerlies were generally
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Fig.5 Six-month 200 hPa flow, May to October
1992: (a) mean, isotachs (dashed) in m s~
(b) anomaly.
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stronger than normal. The northern hemisphere
STR was also near its climatological location and
stronger than normal near the date-line.

Cross-equatorial interaction

Figures 6(a) and (b) respectively show cross-
sections of the mean and anomalous meridional
wind at the equator. Weak anomalies were appar-
ent over most of the cross-section at both the
upper and lower levels. The northerly anomalies
at low levels near 90°E suggest a restriction to the
low-level inflow of the summer monsoon further
east, consistent with the northeasterly anomalies
over Indo-China. A narrow band of significant
southerly anomalies was evident near 123°E.
Weak northerly anomalies in the upper return
flow were evident near Borneo. Elsewhere cross-
equatorial flow was close to normal.

Broadscale vertical motion and convection
Figures 7(a) and (b) show velocity potential aver-
aged over the six months at 950 hPa and 200 hPa
respectively. Note that these charts must be
interpreted with caution near the edges of the
analysis domain due to model-imposed zero
boundary conditions. :

Fig. 6 Equatorial cross-section of six-month meridional
wind component, May to October 1992: (a) mean,
(b) anomaly. Isotach interval 5 m s™!, negative
(northerly) dashed.
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The axis of maximum low-level convergence
and upper-level divergence can be seen in the
northern hemisphere. The low-level convergence
was slightly south of the long-term mean over the
South China Sea. Elsewhere the axes were close to
climatological locations.

Figures 8(a) to (f) show monthly OLR anom-
alies during the summary period. Significant
negative OLR anomalies were evident over the
western near-equatorial Pacific during May, as
they had been over the previous austral summer
(Bate and Cheang 1995), consistent with El Nifio
influences. These anomalies weakened dramati-
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Fig. 7 Six-month mean velocity potential, negative
dashed: (a) 950 hPa, contour interval
40104 m? s~', (b) 200 hPa, contour interval
60X104m?s~1,
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cally and the June pattern showed a return to
near-normal conditions, implying a tendency for
the upward branch of the Walker circulation to be
located more toward its climatological location
over Australasian longitudes.

Intraseasonal variations

Figures 9 and 10 show time-longitude plots of 200
hPa velocity potential and OLR respectively. The
charts refer to a 10° near-equatorial (OLR only)
and northern and southern hemisphere (both)
latitudinal strip across the longitudinal domain of
the Darwin RSMC AOR. Figure 10 also indicates
cyclone genesis events. Once again the velocity
potential diagrams must be interpreted with care
due to zero boundary conditions set at the eastern
and western extremities. Figure 11 shows filtered
MSLP at Yap (9°29’N, 138°05’E) and Singapore.
The Butterworth type filter used has a maximum
response at 40 days and 50 per cent response at 23
and 70 days.

Five active phases of the 30 to 60-day intra-
seasonal oscillation (ISO) occurred during the six-
month period, with an average periodicity near 40
days. The first active phase of the summary period
occurred early in the transition month of May,
affecting mostly near-equatorial regions. The sub-
sequent northward progression of the summer
monsoon trough was slow until the next moder-
ately active phase of convection during early to
mid-June. A quiescent phase followed and during
late June a definite break occurred in the mon-
soon flow, with easterly low-level flow recorded
over much of South-East Asia. The next active
phase occurred during mid to late July. This
resulted in the peak rainfall period of the season
for Peninsular Malaysia and northern Borneo (see
Fig. 14(c)). A significant dip in mean sea-level
pressure and a surge of negative upper velocity
potential occurred late in August; however,
enhanced rainfall was not observed over most of
the region. Subsequent to this active phase the
monsoon trough began to withdraw. It completed
its retreat from northern hemisphere land masses

- by the end of the next active phase during mid-late

October.

Indian summer monsoon

The summer monsoon onset near the southeast
Bay of Bengal around 20 May, and over Kerala
State of India by 5 June, about four days later
than the mean (source: Report on the Asian
Summer Monsoon Activity Centre in New Delhi
(RASMACQC), News Letter 1992; see Appendix).
There was only slow northward progression until
a depression formed over the Bay of Bengal on 17
June, during the next active phase of the ISO. The
northward movement of the trough was sub-
sequently rapid, and onset over most of east and
central India occurred by 21 June. From this time
there was gradual further advance and onset
occurred over all of India and parts of Pakistan by
14 July.

The summer monsoon trough began its with-
drawal from northern India during mid-Septem-
ber, and completed its withdrawal from the
sub-continent by 19 October. The June-Septem-
ber rainfall for India as a whole was 93 per cent of
the long period average (RASMAC News Letter
1992). Figure 12 shows percentages of climat-
ological rainfall over the Asian monsoon region,
June to September 1992. This shows that most of
southern India received near-normal rainfall
while northern parts reported generally less than
normal. This is consistent with the seasonal
circulation pattern of anomalous monsoon flow in
this region. :
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Fig.8 Monthly mean OLR anomaly, 1992, contour interval 15 W m~2, positive dashed, negative solid, thick line zero:
(a) May, (b) June, (c) July, (d) August, (¢) September, (f) October.
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South-East Asian summer monsoon

Onset

Based on the definition for the onset of the south-
west monsoon (Cheang and Tan (1988) and
Garden et al. (1989)), it was found that the onset
in 1992 over Indo-China occurred on 17 May,
which is the same as the mean date determined by
Orgill (1967). On the same day the southwesterlies
also prevailed over northern Philippines. The
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weak southwesterlies then extended slowly south-
ward, until the monsoon began redeveloping early
in June. Onset occurred over Peninsular Malaysia
on 9 June. The southwesterlies then progressed
eastward reaching northern Borneo and central/
southern Philippines on 14 June and 24 July
respectively. The eastward progression to central/
southern Philippines was slow due to the frequent
westward interruption of easterlies from the
Pacific. Figure 13, a latitude/time cross-section of






