
Introduction
This summary reviews the broad-scale tropical circu-
lation in the Australian/Asian region during the peri-
od November 2001 to April 2002. The area covered is
the Darwin Regional Specialised Meteorological
Centre (RSMC) analysis domain, that is 70°E to 180°,
40°N to 40°S. Seasons such as those of 1999-2000
and 2000-2001 were described in previous summaries
in this series, by Shaik and Bate (2000 and 2002a
respectively). The first section of this summary uses
mostly six-month average charts to describe the over-
all seasonal circulation and anomalies. The 

second section uses time series to portray variations
of the tropical circulation within the season.
Intraseasonal variability of various elements such as
outgoing long wave radiation (OLR), 200 hPa veloc-
ity potential and mean sea-level pressure (MSLP)
anomaly is analysed in this section. The third section
briefly describes the occurrence of tropical cyclones
in the six-month period.

Data sources
The six-month seasonal charts were constructed using
GASP, the Australian global model (see Appendix).
Anomalies are derived from the European Centre for
Medium-range Weather Forecasts (ECMWF) clima-
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A summary of the broad scale tropical circulation from 70°E to
180°, for the six months November 2001 to April 2002, is pre-
sented.  Transition from near neutral ENSO conditions to a
developing El Niño phase dominated during the season.
Evidence for this includes the weak Walker circulation over the
Australian region, above average atmospheric pressure over
the central equatorial belt, a mixture of positive and negative
values of the southern oscillation index which were confined
within one standard deviation of the mean, but ended the sea-
son negative, and a weak and narrow zone of warm sea-surface
temperatures in the equatorial eastern Pacific. Convection over
much of western Indonesia and northern Australia was below
average, while the monsoon was poorly developed in the north-
ern Australia and Papua New Guinea region. Three major
active phases of the 30 to 60-day intraseasonal oscillation were
observed, with periodicity around 60 to 70 days. A total of 19
tropical cyclones developed during the period, less than the
mean for the area. The shrinking number of cyclones formed in
the Australian zone may be indicative of developing El Niño
conditions. 
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tology. Sea-surface temperature (SST) anomalies
were calculated relative to the 1°x1° global SST cli-
matology from the US National Centers for
Environmental Prediction (Reynolds and Smith
1995). Further details of the data sources used are list-
ed in the Appendix. 

Broadscale seasonal features
Southern Oscillation
Figure 1 shows the ten-year behaviour of Troup’s
Southern Oscillation Index (SOI) from May 1992 and
its symmetrical five-month running mean. Monthly
values of the SOI from January 2000 are given in
Table 1. The five-month running mean reached its
lowest value since May 1998 of –4.5 during April
2002. The six-month mean SOI dropped from 9.6 dur-
ing the November 2000 – April 2001 season to –3.3
during May – October 2001 and eased to –0.3 during
the current season. The monthly SOI values during
the current season oscillated between positive and
negative and remained within one standard deviation
of zero, indicating the continuation of near neutral El
Niño – Southern Oscillation (ENSO) conditions dur-
ing the period, though the other indicators lean
towards a developing El Niño. 

Convection and tropospheric circulation
The mean and anomaly of OLR - used as a proxy for
convection - for the six-month period are shown in
Fig. 2(a) and 2(b), and for each individual month are
shown in Figs 3(a) to (f) and 4(a) to (f) respectively.
Overall the convection over the tropical latitudes was
much less than the past two seasons. The positive
OLR anomalies over the equatorial western Pacific
east of 160°E declined gradually from the previous
southern monsoon season through the northern mon-
soon season (Shaik and Bate 2002a, 2002b) and
became weakly negative during the current season. In
the November 2000 – April 2001 (La Niña) season,
major convective anomalies were centred over central
longitudes. In the current season they shifted to about
160°E, while positive OLR anomalies (less than aver-
age convection) began to appear over western
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Fig. 1 SOI time series for ten years to April 2002:
monthly values (bars); five-month centred
mean values (black line).

Table 1. Monthly values of Troup’s SOI for the period January 2000 to April 2002.

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

2000 +5 +13 +9 +17 +4 -5 -4 +5 +10 +10 +22 +8
2001 +9 +12 +7 0 -9 +2 -3 -9 +1 -2 +7 -9
2002 +3 +8 -5 -4

Fig.2 Six-month (a) mean OLR(W m-2 ), heavy line
240 W m-2, 260 W m-2 and above yellow-red
shading, 240 W m-2 and below, blue shading:
(b) OLR anomaly (W m-2),  > +5 W m-2 yel-
low-red shading, <  -5 W m-2, blue shading.
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Fig. 3 Monthly mean OLR (W m-2), heavy line 240 W m-2, 260 W m-2 and above yellow-red shading, 240 W m-2 and
below, blue shading: (a) November 2001; (b) December 2001; (c) January 2002; (d) February 2002; (e) March
2002; (f) April 2002. 
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Fig. 4 Monthly OLR anomaly (W m-2), heavy line zero, > +15 W m-2 yellow-red shading, < zero W m-2, blue shading:
(a) November 2001; (b) December 2001; (c) January 2002; (d) February 2002; (e) March 2002; (f) April 2002.
Anomalies from 1979-95 climatology.



Shaik and Bate: Australian/Asian region tropical circulation 53

Indonesia and northern Australia, consistent with a
developing El Niño pattern. Though the South Pacific
convergence zone (SPCZ) was active during some
individual months, in general convection was close to
normal.  Individual month OLR anomalies indicate
consistent active convection in the northwestern
Pacific east of 150°E, which is in line with active
cyclone conditions in the area.  Despite the monsoon
season in the southern hemisphere, northern Australia
experienced generally below average convection,
indicated by positive OLR anomalies for the season.
The convection was weaker than normal over
Australia during March and April but stronger during
the earlier months. It was stronger during November
over Indonesia and Papua New Guinea (PNG), with
positive anomalies contracting eastwards later. 

Velocity potential analyses at 850 hPa and 200 hPa
(Fig. 5) levels show good vertical alignment of axes
of maximum low-level convergence and upper-level
divergence, indicating well organised up-motion and
a vigorous Hadley cell, with an active monsoon cir-
culation in the southern hemisphere.  The positions of
both low and upper-level axes were close to the mean.
However, the centres of maximum low-level conver-
gence and upper-level divergence have shifted well to
the east of their climatological locations, another sup-
porting feature of El Niño development. Other varia-
tions in the velocity potential, supporting the weaker
than normal convection, were low-level divergence
and upper-level convergence over eastern China and
strong upper-level divergence (instead of conver-
gence) over the southern Indian Ocean.  

Fig. 5 Six-month mean velocity potential (106 m2 s-1),
November 2001 to April 2002, negative con-
tours dashed: (a) 850 hPa; (b) 200 hPa.

Fig. 6 Six-month MSL pressure (hPa), November
2001 to April 2002: (a) mean, isobar interval 2
hPa; (b) anomaly, contour interval 1 hPa,
shaded areas negative.



Mean sea-level pressure (MSLP) and anomalies
are shown in Fig. 6. Pressures were generally above
average over most of the tropics except to the east of
150°E, and in the central south Indian Ocean, where
the anomalies were negative.  The subtropical ridges
in both hemispheres were close to their respective
mean locations.  Negative pressure anomalies in the
tropics close to the date-line are consistent with the
weather pattern associated with a weak El Niño/near
neutral ENSO. 

Vector wind analyses and anomalies at 850 hPa
and 200 hPa levels are shown in Figs 7 and 8 respec-
tively.  The flow in the equatorial Pacific close to the
date-line supports the near neutral ENSO conditions.
This includes very weak easterly anomalies in the

lower levels and weak westerly anomalies at the
upper levels.  However, the wind anomalies in the
equatorial Pacific were weaker than the previous
November – April season (Shaik and Bate 2002a).  In
addition, low-level westerly anomalies developed to
the north of PNG, a sign of developing El Niño.
Westerly anomalies in the lower levels and easterly
anomalies in the upper levels prevailed in the equa-
torial Indian Ocean, indicating a better developed
monsoon in this area. 

Diagrams depicting the cross-equatorial compo-
nent of the flow and anomalies (Fig. 9) indicate a
pattern close to mean with the anomalies more or
less close to zero pointing towards neutral ENSO
conditions. The two Hadley circulations, one to the
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Fig. 7 Six-month 850 hPa vector wind field,
November 2001 to April 2002, isotach (dashed)
interval 5 m s-1: (a) mean; (b) anomaly.

Fig. 8 Six-month 200 hPa vector wind field,
November 2001 to April 2002: (a) mean, iso-
tach (dashed) interval 20 m s-1; (b) anomaly,
isotach (dashed) interval 5 m s-1.



west of 75°E and the other around 100 - 110°E, were
stronger than normal and shifted slightly to the east
of their climatological positions. In addition to the
above a weak cell persisted near 140°E. Cross-equa-
torial flow for the individual months (Darwin
Tropical Diagnostic Statement (DTDS) – see
Appendix) indicate the southern monsoon trough
was fairly well organised in the SPCZ region but
poorly organised over the Australian longitudes dur-
ing December 2001 though the date of onset was
close to the climatological  date of onset over
Darwin.  The normal monsoon onset over northern
Australia is around the third week of December
(Drosdowsky 1996). 

Sea-surface temperature
Six-month mean and anomalous sea-surface tempera-
tures (SST) are shown in Fig. 10. The SST configura-
tion over the equatorial waters remained warmer than
29°C, which is above average for most of the area. The
zone of warmest waters in the equatorial Pacific lay to
the east of the date-line during the current season (not
shown) and the cool anomalies evident near the date-
line during the previous six months were replaced with
weak warm anomalies, a trend associated with a devel-
oping El Niño pattern.  The northwestern Pacific was
dominated by the mixture of weak positive and nega-
tive SST anomalies and most of the Indian and south-
ern Pacific Oceans remained warmer than normal.
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Fig. 9 Equatorial cross-section of six-month merid-
ional wind, November 2001 to April 2002; con-
tour interval 2 m s-1, negative (northerly) con-
tours dashed, positive (southerly) blue shad-
ing: (a) mean; (b) anomaly.

Fig. 10 Six-month SST (°C), November 2001 to April
2002: (a) mean, isotherm interval 1°C, >29°C
pink shading; (b) anomaly, contour interval
0.5°C, < zero °C blue shading, > +0.5°C, pink
shading.
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Fig. 11 Time-longitude sections, latitude band 5°S-15°S, 1 November 2001 to 30 April 2002 of  five-day backward run-
ning mean: (a) 200 hPa velocity potential (105 m2 s-1); (b) OLR (W m-2); (c) MSLP anomaly (hPa). White cross-
es denote time and longitude of TC genesis events; dots denote events poleward of the latitude band.

Fig. 12 Time-longitude sections, latitude band 5°S-5°N, 1 November 2001 to 30 April 2002 of  five-day backward running
mean: (a) 200 hPa velocity potential (105 m2 s-1); (b) OLR (W m-2); (c) MSLP anomaly (hPa).



Intraseasonal variability
Figures 11 to 13 show time/longitude plots of (a) 200
hPa velocity potential, (b) OLR and (c) MSLP anom-
aly, averaged over 10° latitude bands, across the
Darwin RSMC longitude range. The southern and
northern OLR plots (Fig. 11(b) and Fig. 13(b)) also
indicate the date and longitude of tropical cyclone
genesis events during the season.  Figure 14 shows
filtered station pressure anomaly series for four sta-
tions, two in each hemisphere. In Fig. 14(c) the sig-
nal for the eastern station in each hemisphere has
been added to that for the western station four days
earlier.  A four-day period was chosen, as this is
approximately the time that an eastward-moving
global wave with a period of 45 days will take to
travel over this longitude range.

The time-longitude series indicate that three major
pulses of the 30 to 60–day intraseasonal oscillation or
Madden-Julian oscillation (MJO) passed through the
RSMC longitude range during November 2001 to
March 2002. They occurred around early November
to early December, mid January to early February and

late March to early April.  Apart from these major
pulses there were several weak active convective
periods which occurred during the season, mainly
associated with equatorial Rossby waves and Kelvin
waves.   The MJO periodicity estimates indicate that
it was around 60–70 days for the season. 

All the filtered pressure series indicate good phase
agreement during the season except during the
months of January and February, where they were out
of phase. This behaviour in the pressure series is con-
sistent with the noisy pattern observed in the time
series analysis and the estimation of MJO periodicity. 

Tropical cyclones
Tropical cyclones (TC) are defined as having maxi-
mum ten-minute mean winds greater than 17 m s-1, or
named systems. Operational tracks are shown in Fig.
15, while Table 2 lists TC in order of occurrence with-
in the various basins, showing duration and estimated
maximum intensity details. Tracks are from the near
real-time publication, DTDS, and are based on
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Fig. 13 As for Fig. 11, except latitude band 5°N-15°N. 



Darwin RSMC operational manual analyses, with
limited post-analysis in a few cases. 

Following WMO guidelines (Neumann, 1993),
winds are assumed to be averaged over ten minutes
except those from JTWC, which uses one-minute
means. A conversion factor of 0.88 to relate one-
minute to ten-minute means was applied to warnings
issued from JTWC.  Minimum pressures were also
obtained from the warnings, except for those issued
by JTWC and PAGASA Manila. In these cases mini-
mum pressures were estimated using the relationship
of Atkinson and Holliday (1977). Since most agencies
use the unit of knots (kn) in warnings, wind speeds
are shown in Table 2 in knots as well as m s-1.
Climatological numbers are from Grandau and
Zettlemoyer (2002) for the northwest Pacific and
southern hemisphere and Mandal (1991) for the Bay
of Bengal. A brief discussion and further details of
each cyclone can be found in the DTDS for the rele-
vant month. 

A total of 19 TC were analysed in the Darwin
RSMC area during the summary period. Of these, ten
reached severe tropical cyclone or typhoon intensity.
The average number of cyclones in the region for the
season is around 26. Eight tropical storms developed
in the northwestern Pacific and none in the north
Indian Ocean, compared to averages of 5.8 and 2.1
respectively.  In the Australian region, five storms

occurred, compared to the long-term mean of 10.0
(note this average may include tropical depressions,
with maximum mean wind of 13 to 16 m s-1). In the
other southern hemisphere sub-regions, no cyclones
formed to the east of 165°E except for the two that
formed east of the date-line (6.1 mean) and eight
cyclones formed west of 105°E (mean 12.6)  which
includes the two that formed west of 70°E. The
declining cyclone numbers compared to the
November 2000 - April 2001 season for the
Australian zone within the region may be indicative
of developing El Niño conditions. This supports the
findings by Nicholls (1992) that a negative change in
SOI is correlated with a fall in tropical cyclone occur-
rence in the Australian region.
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Fig. 14 MSLP anomalies for two tropical stations in each hemisphere, normalised then passed through a 40-day
Butterworth filter, 50% response at 23 and 70 days: (a) southern hemisphere, thin line Cocos Island, (12.2°S,
96.8°E) thick line Darwin (12.4°S, 130.9°E); (b) northern hemisphere, thin line Singapore (1.4°N, 104.0°E), thick
line Yap (9.5°N, 138.1°E); (c) Darwin plus Cocos Is four days earlier (thin line) and Yap plus Singapore four
days earlier (thick line).



Appendix
Data sources used in this summary were: 
• Darwin Tropical Diagnostic Statement (DTDS),

November 2001 to April 2002 (issued monthly),
and Weekly Tropical Climate Note, 31 October
2001 to 1 May 2002. Bureau of Meteorology, PO
Box 40050, Casuarina, NT 0811, Australia.

• MSLP, upper wind and velocity potential map
fields from the Australian Bureau of
Meteorology’s Global Assimilation and Prediction
system (GASP - Bourke et al. 1990, Bur. Met.
1998); anomalies derived from the ECMWF 30-
year climatology. MSLP and velocity potential
data for Hovmoeller series from the Limited Area
Prediction System (LAPS - Puri et al. 1998), nest-
ed within GASP.

Shaik and Bate: Australian/Asian region tropical circulation 59

Table 2.  Tropical cyclones within the Darwin RSMC area, November 2001 – April 2002. TC = tropical cyclone, STC = severe
tropical cyclone, TS = tropical storm, Ty = typhoon.

Name Dates(UTC) at TC Maximum 10-min. Estimated Warning Agency*
intensity in Darwin mean wind minimum

RSMC area (while in Darwin MSLP (hPa)
RSMC area)
m s-1 (knots)

Bay of Bengal / North Indian Ocean
Nil

Northwest Pacific / South China Sea
Lingling (Ty) 06 Nov – 12 Nov 49 (95) 935 PAGASA
Unnamed 28W (TS) 21 Nov – 22 Nov 21 (40) 990 PAGASA
Unnamed 29W (TS) 21 Nov – 22 Nov 23 (45) 995 Singapore
Kajiki (TS) 05 Dec – 08 Dec 18 (35) 994 PAGASA
Faxai (Ty) 16 Dec – 25 Dec 54 (105) 915 JMA, Tokyo
Vamei (TS) 27 Dec – 27 Dec 21 (40) 1000 Singapore
Tapah (TS) 12 Jan – 13 Jan 26 (50) 987 PAGASA
Mitag (Ty) 28 Feb – 08 Mar 49 (95) 930 JMA, Tokyo

South Indian Ocean (70°E - 105°E)
Bessi / Bako (STC) 27 Nov – 04 Dec 36 (70) 966 Perth BoM / La Réunion
Dina1 (TC) 17 Jan – 18 Jan 31 (60) 975 La Réunion
Eddy (TC) 24 Jan – 28 Jan 36 (70) 966 La Réunion
Francesca (STC) 02 Feb – 11 Feb 52 (100) 925 La Réunion
Ikala (STC) 25 Mar – 29 Mar 46 (90) 940 La Réunion
Dianne / Jery (STC) 07 Apr – 11 Apr 41 (80) 954 Perth BoM / La Réunion

Australian (105°E - 165°E)
Bernie (TC) 03 Jan – 04 Jan 26 (50) 985 Brisbane BoM
Chris (STC) 03 Feb – 06 Feb 52 (100) 930 Perth BoM
Claudia (STC) 11 Feb – 13 Feb 34 (65) 970 Brisbane BoM
Des (TC) 05 Mar – 06 Mar 26 (50) 985 Nadi, Fiji
Bonnie (TC) 09 Apr – 14 Apr 26 (50) 985 Darwin BoM

South Pacific Ocean (165°E - 180° )
Nil

* PAGASA = Philippine Atmospheric, Geophysical and Astronomical Services Administration, Manila;  BoM = Bureau of
Meteorology, Australia;  JMA = Japan Meteorological Agency.

1   Dina moved westward out of the RSMC area (70°E) while still intensifying. Maximum wind speed in Darwin RSMC area was
60 kn but reached 115 kn outside the RSMC area. 

Note that central pressures are not available from PAGASA Manila warnings; in these cases only the wind has been obtained from
the warnings and pressures are estimated from the relationship of Atkinson and Holliday 1977.  



• OLR 6-monthly and monthly map figures from
Climate Diagnostics Bulletin, November 2001 to
April 2002, issued monthly by Climate Prediction
Center, W/NP52, Room 605, WWBG, 5200 Auth
Road, Camp Springs, Maryland, 20746-4304
USA. OLR data for Hovmoeller diagrams from
Japan Meteorological Agency’s GMS-5 geosta-
tionary satellite.

• Sea surface temperature analysis derived from the
operational global analysis of National
Meteorological and Oceanographic Centre,
Bureau of Meteorology, Melbourne.  Includes
blended in situ and satellite data, 1°C resolution.
The 1°x1° global SST climatology from the US
National Centers for Environmental Prediction
(Reynolds and Smith, 1995) was used to calculate
anomalies. 

• Tropical cyclone climatology for the northwest
Pacific Ocean calculated from figures given in
Grandau and Zettlemoyer (2002). For the north
Indian Ocean the climatology is from Mandal (1991).
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