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A summary of the broadscale tropical circulation from May to October 1991 in the
area 40°N-40°S, 70°E-180°, is presented. Oceanic and atmospheric anomalies
observed within this region were characteristic of a negative ENSO event. While the
summer monsoon was early over India, its seasonal penetration across South-East
Asia into the northwest Pacific was late, particularly over the Philippines. Over the
northwest Pacific tropical cyclone numbers were near normal. Three cyclones were
observed in the southern hemisphere, two over the Indian Ocean and one over the

Pacific Ocean.

Introduction

This summary discusses the broadscale circu-
lation within the Darwin Regional/Specialised
Meteorological Centre (RSMC) area of responsi-
bility (AOR) for the period May to October 1991.
While this region covers the area 40°N to 40°S, and
70°E to 180°, the.emphasis is on the tropical cir-
culation. An attempt has been made to standard-
ise the format of this summary to attain some
consistency with that of the monthly Darwin
Tropical Diagnostic Statement (DTDS — see
Appendix).

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; clima-
tology, from which anomalies are taken, is over
six years (Lavery et al. 1991). Sea-surface tem-
perature (SST) anomalies were calculated from
the climatology of Reynolds (1983).
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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. While large fluctuations in
the monthly SOI value were observed from May
to October, the general downward trend in the
five-month running mean continued. Large nega-
tive SOI values (— 18 in May 1991) indicate thata
negative ENSO event was underway.

Sea-surface temperature

Six-month mean SST and anomaly fields are pre-
sented in Fig. 2. In general both charts are similar
to the corresponding six-month patterns from
1990 (Bate et al. 1993) with weak warm water
anomalies dominating in most regions, particu-
larly in the southern hemisphere. Over tropical
latitudes, warm water anomalies were most sig-
nificant across the Indian Ocean and near the
equatorial date-line. Anomalies both north and
east of the Australian continent, while positive,
have weakened slightly since 1990. This cooling
trend is consistent with the negative phase of the
ENSO cycle. Monthly anomaly charts from the
DTDS (May to October 1991) reveal that anom-
alies in this region were significantly cooler
through June and October.
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Fig. 1 Ten-year SOI to October 1991: monthly values
thin line; five-month running mean thick line.
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Fig. 2 Six-month SST (°C), May to October 1991:
(a) mean; (b) anomaly.
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Mean sea level pressure and gradient level

(950 hPa) flow

Figure 3 shows mean sea level pressure (MSLP)
averaged over the six months, together with
anomalies. Figure 3(a) was derived by averaging
the daily 2300 UTC TAS charts over the six-
month period; Fig. 3(b) is a composite of indi-
vidual monthly anomalies taken from DTDS. (In
DTDS the raw anomaly pattern from TAS is sub-
jectively modified by station data obtained from
monthly station summaries given in CLIMAT
messages.)

In line with the developing negative ENSO
event, positive pressure anomalies dominated
over most tropical regions. This was most promi-
nent over Australian and Indonesian longitudes.
At higher latitudes pressures were generally below
the climatological average. Once again this was
most prominent in the southern hemisphere due
to the unseasonal position of the STR (subtropical
ridge), north of its mean position. The ridge was
slightly weaker than normal.

Fig.3 Six-month MSL pressure (hPa), May to October
1991: (a) mean; (b) anomaly.
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In general the gradient level flow, Fig. 4, reveals
features consistent with those on the MSLP chart.
Westerly anomalies near the equatorial date-line
indicate a weak Walker circulation associated
with the negative ENSO event. Over the South
China Sea, monthly anomaly charts from the
DTDS (May to October 1991) indicate that the
eastward transition of the Asian summer mon-
soon towards the Philippines was unseasonally
late, and weaker than normal. This is consistent
with the north to northeast anomalies over the
region. Elsewhere over the northwest Pacific the
monsoon trough was generally stronger, and
extended further east than normal.

Cross-equatorial interaction

The equatorial cross-section of meridional wind,
Fig. 5(a), illustrates the operation of the monsoon
Hadley circulation. The seasonal chart reveals
the basic structure of the circulation; low-level
southerlies dominate under upper level norther-
lies across the longitudinal domain. The anomaly
chart, Fig. 5(b), indicates that the circulation was

5

Fig. 4 Six-month 950 hPa flow, May to October 1991:
(a) mean, Isotachs dashed, interval S5ms™!;
(b) anomaly.
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unseasonally active east of 120°E. This is con-
sistent with the extended eastward reach of the
monsoon trough across the northwest Pacific.

Upper level flow

Figure 6 shows the six-month streamline/isotach
analyses and associated vector anomalies at the
200 hPa level. In response to the low-level cross-
equatorial southwesterlies, upper level north-
easterlies, associated with the upper arm of the
Hadley circulation, dominated over tropical lati-
tudes. While near-equatorial anomalies east of
120°E are consistent with the unseasonal strength

Fig.5 Equatorial cross-section of six-month meridional
wind, May to October 1991: (a) mean;
(b) anomaly. Isotach interval 2.5 m s~ !; negative
(northerly) dashed.
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Fig. 6 Six-month 200 hPa flow, May to October 1991:
(a) mean, Isotachs dashed, interval 20 ms™*,
lowest 10 m s~ ; (b) anomaly.
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and eastward reach of the monsoon trough across
the northwest Pacific, the anticyclonic anomaly
pattern centred east of the date-line is also typical
of the negative ENSO phase.

At higher latitudes anomaly patterns are pri-
marily related to the unseasonal position of the
STR in the northern hemisphere, north of its
climatological position. Anomalous troughs are
also evident over the southern Indian and Pacific
Oceans and over northeastern China.

Broadscale vertical motion and convection
Figures 7(a) and 8(a) show velocity potential aver-
aged over the six months at 950 hPa and 200 hPa
respectively. Figures 7(b) and 8(b) display the
associated anomalies. Note that all charts must be
interpreted with caution near the edges of the
analysis domain, due to model-imposed zero
boundary conditions.
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Fig. 7 Six-month 950 hPa velocity potential May to
October 1991: (a) mean, contour interval
30X 10*m?s™'; (b) anomaly, contour interval
10 X 10* m? s~ negative dashed.
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From Fig. 7(a), maximum low-level conver-
gence is diagnosed in the region extending from
the South China Sea, across Luzon, then east-
southeast to the region of convergent easterlies
east of 160°E and into the southern hemisphere in
the region of the South Pacific convergence zone
(SPCZ). Another axis is evident over Indo-China,
the Bay of Bengal and northern India. This feature
corresponds to the axis of the monsoon trough
(see Figs 3(a) and 4(a)). In the upper levels,
Fig. 8(a), maximum divergence is analysed along
an axis which lies to the south of the low-level
convergence axis. This implies that tropical uplift
was strongest on the southern side of the monsoon
trough. Note that uplift was also significant in the
vicinity of the SPCZ. Long-term mean charts (not
shown) indicate that, over the northwest Pacific,
centres of maximum tropical upmotion were
displaced east of their climatological positions.
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Fig. 8 Six-month 200 hPa velocity potential, May to
October 1991: (a) mean, contour interval
60 X 10* m? s~ '; (b) anomaly, contour interval
20X 10% m? s™!; negative dashed.

(a)

40N

408

(b)
4N

20N

208

Anomaly charts, Figs 7(b) and 8(b), reveal a
weakness in the Walker circulation over the
Indonesian region. While this weakness is evident
at the 950 hPa level, it is most prominent at
200 hPa. An easterly shift of the upper divergent
arm of the circulation is reflected in the anomal-
ous convergent-divergent dipole over Indonesia
and the equatorial Pacific respectively.

Tropical upmotion associated with the mon-
soon trough was slightly weaker than normal in
the vicinity of the Philippines, and stronger than
normal over the eastern Bay of Bengal and east of
150°E.

Intraseasonal oscillations

In regard to the 30 to 60-day intraseasonal oscil-
lation (ISO), Figs 9(a) and (b) show time-
longitude plots of 200 hPa velocity potential. The
charts refer to a 10° latitudinal strip across the
longitudinal domain of the Darwin RSMC area of

Fig.9 Time-longitude section of five-day running mean
200 hPa velocity potential (105 m? s~'), May to
October 1991; day 150 = 30 May. (a) °N-15°N;
(b) 5°S-15°S. Black circles signify tropical cyc-
lone genesis events. '
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responsibility, in the northern and southern hemi-
spheres respectively. Once again these charts must
be interpreted with care due to the zero boundary
conditions set at the eastern and western extremi-
ties. While the phase relationship between the two
series is generally good, as expected, pulses in
upper level divergence were strongest and most
prominent in the northern series. Ignoring the
higher frequency oscillation, a 30 to 60-day
periodic pulse is clearly evident from May to
September. The classical eastward propagation of
these pulses, while evident, is masked to some
degree by the imposed zero boundary conditions
and the westward movement of individual trop-
ical cyclones and/or depressions.

Figure 10 shows the corresponding time-longi-
tude series of outgoing long wave radiation (OLR
— used as a proxy for convection) for the same
northern and southern latitudinal strips, as well as
an equatorial strip. The linkage with broadscale
features is best seen in the northern series, which
is well coupled to the corresponding velocity
potential series. Once again note that the west-
ward propagation of individual systems (cyclones
and tropical depressions) masks the general east-
ward propagation of broadscale convection,
characteristic of the classical 1SO.






