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A summary of the broadscale tropical circulation from 70°E to
180°, for the six months November 1996 to April 1997, is present-
ed. The weak La Niiia phase, which characterised 1996, declined
and some early El Nifio indicators emerged by the end of the sea-
son. These included the appearance of strong westerly equatori-
al wind anomalies near the date-line, increasing sea-surface tem-
perature in the tropical Pacific and a fall of the Southern
Oscillation Index to negative values. The monsoon in the summer
hemisphere was of average development or better, with strongest

anomalies in the southwest Pacific. The near-equatorial trough -

was active in the northwest Pacific near the date-line. Twenty-
nine tropical cyclones were analysed, twenty in the southern
hemisphere and nine in the north. Overall, tropical cyclone
occurrences were slightly above long-term averages. Three full
cycles of the 30 to 60-day intraseasonal oscillation were diagnosed.

Introduction

This summary reviews the broadscale tropical circula-
tion in the Australian/Asian region during the period
November 1996 to April 1997. The area covered is the
Darwin Regional Specialised Meteorological Centre
(RSMC) analysis domain, that is, 70°E to 180°, 40°N to
40°S. The first section uses mostly six-month average
charts to describe the overall seasonal circulation and
anomalies. The second section uses time series to por-
tray variations of the tropical circulation within the sea-
son.. The final section briefly describes the occurrence
of tropical cyclones in the six-month period.

Most of the six-month seasonal charts were con-
structed using the Darwin RSMC automated operational
analysis known as TAPS (Tropical Analysis and
Prediction Scheme, Puri et al. 1992). Anomalies are
derived from the six-year Tropical Analysis Scheme
(TAS) climatology of Lavery et al. (1991). Sea-surface
temperature (SST) anomalies were calculated relative to
the 1°x1° global SST climatology from the US National
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Centers for Environmental Prediction (Reynolds and
Smith 1995). Further details of the data sources used
are listed in the Appendix.

Broadscale seasonal features

The southern oscillation index (SOI, Table 1, Fig. 1) was
zero in November 1996, then maintained positive values

Fig. 1 SOI . time series for ten years to April 1997:

monthly values (bars); five-month centred mean
values (black line).
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Table 1. Monthly values of Troup’s SOI for the period January 1994 to April 1997.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1994 -2 0 -10 -20 -11 -10 -17 -16 -16 -15 -7 -13
1995 -5 -3 +3 -14 -8 2 +4 +1 +3 -1 +1 -7
1996 +8 +1 +6 +8 +1 +14 +7 +5 +7 +4 0 +7
1997 +4 +13 -8 -16

Fig. 2 Monthly mean OLR (W m-2), heavy line 240 W m-2,260 W m-2 and above dashed: (a) November 1996; (b) December
1996; (c) January 1997; (d) February 1997; (e) March 1997; (f) April 1997.
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until February 1997. After this it fell quickly, indicating
an eastward shift of the Walker circulation upward
branch, and the possibility of El Nifio development. Its
value for April 1997 was the lowest since September
1994, with the five-month running mean also falling by
this time, though not below zero.

The mean and anomaly of outgoing long wave radia-
tion (OLR — used as a proxy for convection) for each

month are shown in Figs 2(a) to (f) and 3(a) to (f),
respectively. At least moderate negative anomalies,
indicating above average convection, were evident in the
SPCZ and the northwest Pacific near the date-line in
every month. For the first four months of the season,
albeit to a lesser extent in January, negative OLR anom-
alies dominated central and western longitudes of the
domain at lower latitudes while convection was general-

Monthly OLR anomaly (W m-2), heavy line zero, positive contours dashed: (a) November 1996; (b) December 1996;

Fig. 3
(c) January 1997; (d) February 1997; (e) March 1997; (f) April 1997. Anomalies from 1979-95 climatology.
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Fig. 4

(a)
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Fig. 5

(@)

(b)

Six-month mean velocity potential (106 m2 s-1),
November 1996 to April 1997, negative contours
dashed: (a) 850 hPa; (b) 200 hPa.
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Six-month SST (°C), November 1996 to April
1997: (a) mean, contour interval 1°C; (b) anom-
aly, contour interval 1°C, shaded areas negative.
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Fig. 6  Six-month MSL pressure (hPa), November 1996
to April 1997: (a) mean; (b) anomaly, contour
interval 1 hPa, shaded areas and dashed contours
negative.
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ly suppressed in the east near the equator. In March,
suppressed conditions over much of the domain reflect-
ed the abrupt weakening of the monsoon trough in the
Australian/ Indonesian region, though it remained active
east of Australia as did the near-equatorial trough in the
northwest Pacific near the date-line. The pattern was
similar in April, but with the convective focus in the east
shifting north of the equator.

Velocity potential analyses (Fig. 4) imply a well-
developed Hadley cell in the southern hemisphere, par-
ticularly in the region of the SPCZ. Significant up-
motion is also diagnosed in the low-latitude northwest
Pacific.

Six-month mean and anomalous SST are shown in
Fig. 5. Moderate negative anomalies are analysed in the
north Pacific, with weaker anomalies evident in the
southwest Pacific, Tasman Sea and parts of the south
Indian Ocean. In the tropics SST was mostly a little
above average, with. no significant areas above +1°C
anomaly. Examination of individual monthly charts and
time sections (not presented) shows that the overall pat-
tern was relatively stable during the six months.
However, warm anomalies began to increase near the
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Fig. 7 Six-month 850 hPa wind field, November 1996 to
April 1997: (a) mean, isotach (dashed) interval 5
m s1; (b) anomaly, areas greater than 5 m s
shaded.
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equatorial date-line in March, while cool anomalies
were stronger in parts of the south Indian Ocean and
southwest Pacific from December to February. The six-
month anomaly pattern was similar to that for the previ-
ous six months (Bate 1997), the main changes being an
extension toward the northwest of cool anomalies in the
southwest Pacific, and disappearance of any cool anom-
alies near the equatorial date-line, indicative of the wan-
ing La Nifia phase.

Mean sea-level pressure (MSLP, Fig. 6) and stream-
line/isotach analyses and vector anomalies at 850 hPa
(Fig. 7) and 200 hPa (Fig. 8) give mixed signals. In the
tropics anomaly fields are generally not strong, imply-
ing conditions not greatly different from average, partic-
ularly at 200 hPa. Notable features of the low levels
include: a subtropical ridge in the southern hemisphere
that was near its average location and strength; negative
pressure and cyclonic wind anomalies on both sides of
the equator in the western Pacific, indicating well devel-
oped troughs, consistent with OLR evidence; westerly
anomalies between these features, a typical early El
Nifio indication; in the southern Indian Ocean a mon-
soon trough which was near normal strength but a-little
poleward of its mean latitude; a slightly enhanced

Fig. 8 Six-month 200 hPa wind field, November 1996 to
April 1997: (a) mean, isotach (dashed) interval 10
m s°1; (b) anomaly, areas greater than 10 m s'!
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Western Australian inland trough. The pattern of cross-
equatorial wind components shown in Fig. 9 was simi-
lar to the long-term average.

Fig. 9. Equatorial cross-section of six-month mean
meridional wind, November 1996 to April 1997;
contour interval 2 m s'l, positive (southerly)
shaded, negative contours dashed.
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Intraseasonal variability

Figures 10 to 12 show time/longitude plots of (a) 200
hPa velocity potential, (b) OLR and (c) MSLP anomaly,
averaged over 10° latitude bands, across the Darwin
RSMC longitude range. These diagnose a dominant
intraseasonal period of oscillation of around sixty days
during the bulk of the season. The December to
February period was very active in the summer hemi-
sphere. Three complete cycles of the 30 to 60-day
intraseasonal oscillation (ISO) are inferred, with an
enhanced pulse at the beginning of the season in early
November, major (and slow-moving) peaks during
December and February-March and a less well-defined
and faster peak in the first half of April. There is some
suggestion of a separate enhanced pulse across the lon-
gitude range in mid-January, but this is difficult to sepa-
rate from the beginning of the February event — some
phase differences are apparent between the individual
time-longitude plots at this time.

The southern and northern OLR plots (Figs 10(b),
12(b)) also indicate the date and longitude of tropical
cyclone genesis events in their respective hemispheres.
The majority of geneses were evidently strongly linked
with enhanced phases of the ISO.

Tropical cyclones

Tropical cyclones (TC) are defined as having maximum
ten-minute mean winds greater than 17 m s-!, or named
systems. Operational tracks are shown in Fig. 13, while
Table 2 lists TC in order of occurrence within the vari-
ous basins, showing duration and estimated maximum
intensity details. Tracks are from the near real-time
publication Darwin Tropical Diagnostic Statement
(DTDS, see Appendix) and are based on Darwin RSMC
operational manual analyses, with limited post-analysis
in a few cases. Maximum wind details were obtained
from the operational warnings issued by the agencies

Fig. 10  Time-longitude sections, latitude band 5°S-15°S, 1 November 1996 (day 306) to 30 April 1997 (day 120), of five-day
running mean: (a) 200 hPa velocity potential (105 m2 s-1); (b) OLR (W m-2), black circles denote time and longitude
of TC genesis events, crosses denote TC genesis events poleward of the latitude band; (¢) MSLP anomaly (hPa).
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