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Introduction

This summary reviews the broadscale tropical circulation 
in the Australian and Asian region during the period May-
October 2009. The area covered is the Darwin Regional 
Specialised Meteorological Centre (RSMC) analysis domain, 
which covers 70ºE to 180º, 40ºN to 40ºS. Previous seasons have 
been described in earlier summaries of this series by Shaik 
(2009a, 2009b) and Shaik and Cleland (2008a, 2008b). The 
first section of this summary uses mostly six-month average 
charts to describe the broadscale seasonal circulation and 
anomalies. Intraseasonal and tropical circulation features 
are presented in the second section. The third section briefly 
describes the occurrence of tropical cyclones in the six-
month period. Data sources used in this study are detailed 
in the appendix.

Broadscale seasonal features

The El Niño-Southern Oscillation (ENSO) signal indicated 
a gradual shift from a neutral ENSO state to El Niño-like 
conditions by July 2009. Clear La Niña conditions persisted 
during the 2007-08 southern hemisphere spring and sum-
mer seasons (Shaik and Cleland 2008b). Since then the ENSO 
state was not clearly defined by the indicators and it remained 
between a weakening La Niña and consolidating neutral 
conditions. The neutral conditions were consolidated during 
the May-October 2008 season (Shaik 2009a). Weak La Niña 
conditions that prevailed during the early period of the 2008-09 
southern hemisphere spring and summer, weakened to neutral 
conditions towards the end of that season (Shaik 2009b). 

Southern Oscillation
Figure 1 shows the ten-year behaviour of Troup’s Southern 
Oscillation Index (SOI) from November 1999 and its 
symmetrical five-month running mean. Monthly values of 
the SOI from January 2007 are given in Table 1. The SOI 
remained between -5 and +4 during the season except for 
October when it was -15. The mean SOI for the season 
was -3.5. The mean SOI for the past three southern winter 
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seasons was +6.5 in May to October 2008, +1.3 in May to 
October 2007 and -9.9 in May to October 2006 (Shaik 2009a, 
Shaik and Cleland 2008a, 2007). The five-month symmetrical 
mean SOI during the season gradually moved from +6 at the 
beginning of the season to -3 at the end of the season. 

Convection and tropospheric circulation
The outgoing long-wave radiation (OLR) mean and anomaly 
– used as a proxy for convection – for the six-month period 
are shown in Figs 2(a) and (b) and for each individual month 
in Figs 3(a)-(f) and 4(a)-(f) respectively. Overall the convection 
associated with the northern hemisphere monsoon was below 
average over the Indian subcontinent and the Maritime 
Continent. Convection was above average in the western 
Pacific and the South Pacific convergence zone (SPCZ). 
Below-average convection persisted for most of the season 
in the southern tropical Indian Ocean and Australia. 
 The monthly OLR anomaly charts indicate mostly below-
average convection over India during the season. However, 
the equatorial Indian Ocean during August and the Bay 
of Bengal during most of the season remained active. 
Convection was below average close to the date-line in the 
tropical northwest Pacific Ocean during August and October. 
The SPCZ was generally active throughout the whole season. 
 The axes of maximum low-level convergence and upper-
level divergence, as indicated by the velocity potential analyses 
at the 850 hPa and 200 hPa levels respectively (Fig. 5), 
remained close to their respective long-term mean latitudes. 
The centres of maximum low-level convergence and upper-
level divergence were located in the northwestern Pacific, 
consistent with the active convection in the area. 

 Seasonally averaged MSLP and MSLP anomalies are 
shown in Fig. 6. Weak pressure anomalies dominated much 
of the RSMC area apart from Australia where the highest 
positive anomaly values occurred. A persistent and some-
times stronger than average anticyclonic circulation over 
the Australian continent was consistent with the positive 
pressure anomalies over the region. Weak negative pressure 
anomalies were present in the tropical Indian Ocean and the 
tropical Pacific Ocean near the date-line. 

Fig. 1 SOI time series for ten years to October 2009: monthly 
values (bars); five-month  centred mean values (red 
line).

Fig. 2  Six-month (May-October 2009): (a) mean OLR (W m –2). 
260 W m–2 and above yellow-red shading, 240 W m–2 
and below blue-purple shading; (b) OLR anomaly    
(W m–2)  >+5 W m–2 yellow-red shading and  <-5 W m–2  
blue-purple shading.

Table 1. Monthly values of Troup’s SOI for the period January 2007 to October 2009.

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

2007 -7 -3 -1 -3 -3 +5 -4 +3 +2 +5 +10 +14
2008 +14 +21 +12 +4 -4 +5 +2 +9 +14 +13 +17 +13
2009 +9 +15 0 +9 -5 -2 +2 -5 +4 -15
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Fig. 3 Monthly mean OLR (W m-2). 260 W m-2 and above yellow-red shading, 240 W m-2 and below blue-purple shading: (a) May 
2009; (b) June 2009; (c) July 2009; (d) August 2009; (e) September 2009; (f) October 2009. 
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Fig. 4 Monthly OLR anomaly (W m-2). > +5 W m-2 yellow-red shading, < -5 W m-2 blue-purple shading: (a) May 2009; (b) June 2009; 
(c) July 2009; (d) August 2009; (e) September 2009; (f) October 2009. 
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 Vector wind analyses and anomalies at the 850 hPa and 200 
hPa levels are shown in Figs 7 and 8 respectively. Stronger 
than normal southwesterlies persisted in the Bay of Bengal. 
Southeasterly winds in the southern tropical Indian Ocean 
remained weaker than normal. Weaker southeasterlies in 
the equatorial western Pacific north of Papua New Guinea 
resulted in northwesterly anomalies in the area. Winds in 
the equatorial Pacific near the date-line remained close to 
the long-term average, consistent with the ENSO state. The 
seasonally averaged upper-level subtropical ridge in the 
southern Indian Ocean was stronger than normal. Upper-
level easterly flow in the western tropical Indian Ocean 
was weaker than normal giving rise to greater than 5 m s-1 
westerly anomalies in the area. 
 The cross-equatorial components of the meridional flow 
and anomalies are shown in Fig. 9. Cross-equatorial flow 

between the 850 hPa and 200 hPa was close to climatology. 
However, flow below 850 hPa and above 200 hPa levels was 
stronger than normal in the Indian Ocean and western parts 
of the Pacific Ocean. This supported the Hadley circulation 
associated with the active monsoon flow. 

Sea-surface temperature
Six-month mean and anomalous SSTs are shown in Fig. 
10. The SST pattern in the western tropical Pacific reflected 
the transition of the ENSO state from neutral to an El Niño 
like pattern. Warm waters that started appearing in the 
eastern part of the equatorial Pacific in April-May 2009 
gradually extended west during the season. SST anomaly 
patches up to +2 ºC were evident near the date-line. 
Most of the tropical Indian Ocean remained warmer than 
normal during the season. 

Fig. 5 Six-month mean velocity potential (106 m2 s-1) and 
divergent wind component, May to October 2009. > 
0 yellow-red shading and < 0 blue-purple shading: 
(a) 850 hPa, contour interval 1; (b) 200 hPa, contour 
interval 2.

Fig. 6 Six-month MSL pressure (hPa), May to October 2009: 
(a) mean, isobar interval 2.5 hPa; (b) anomaly, contour 
interval 1 hPa. Blue-shaded areas negative, yellow-
shaded areas positive.
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Fig. 7 Six-month 850 hPa vector wind field, 1 May to 31 October 2009, isotach (thin lines) interval 5 m s-1 , > 5 m s-1  shaded yellow: 
(a) mean; (b) anomaly.

Fig. 8 Six-month 200 hPa vector wind field, 1 May to 31 October 2009: (a) mean, isotach (thin lines) interval 10 m s-1, > 10 m s-1  
shaded yellow; (b) anomaly, isotach (thin lines) interval 5 m s-1, > 5 m s-1  shaded yellow.

Fig. 9 Equatorial cross-section of six-month meridional wind, 1 May to 31 October 2009, contour interval 2 m s-1, (N) northerlies 
(negative values) shaded blue, (S) southerlies (positive values) shaded pink-red: (a) mean; (b) anomaly.
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Intraseasonal variability

Figures 11-13 show time/longitude plots of (a) 200hPa 
velocity potential, (b) OLR and (c) MSLP anomaly, averaged 
over 10° latitude bands, across the Darwin RSMC analysis 
area longitude range. The northern OLR plot (Fig. 13(b)) 
indicates the tropical cyclone genesis events. Figures 14(a)-
(c) show phase diagrams of the Real-time Multivariate 
Madden-Julian Oscillation (MJO) index (RMM), a proxy 
for the progression of an active MJO signal. Each diagram 
represents daily values of the RMM for two months. The 
details of the RMM analysis are presented in the Appendix. 

The MJO signal was captured in the 200 hPa velocity 
potential field at the beginning of each month over the 
western boundary of the RSMC analysis area, yielding 
a periodicity between 30 and 35 days. In July the MJO 
remained active for most of the month, consistent with the 
active monsoon trough in the western Pacific. The MJO 
signal was indiscernible in the OLR field over the Indian 
Ocean and the Maritime Continent. The active MJO signal 
was discernable in the OLR time series over the western 
Pacific where the convection was stronger. 

Fig. 10 Six-month SST (°C), May to October 2009: (a) mean, isotherm interval 1°C > 26°C and 2°C < 26°C; (b) anomaly, contours -0.5°C 
to 0.5°C green shade;  >+0.5°C pink - red shade;   <-0.5°C blue shade.

(a)

(b)
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Fig. 11 Time-longitude sections, latitude band 5°S-15°S (southern series), 1 May to 31 October 2009 of five-day backward running 
mean: (a) 200 hPa velocity potential (106 m2 s-1); (b) OLR (W m-2); (c) MSLP (hPa) anomaly.

Fig. 12 Time-longitude sections, latitude band 5°N-5°S (equatorial series), 1 May to 31 October 2009 of five-day backward running 
mean: (a) 200 hPa velocity potential; (b) OLR; (c) MSLP anomaly. Units are same as in Fig. 11.
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Fig. 13 Time-longitude sections, latitude band 5°N-15°N (northern series), 1 May to 31 October 2009 of five-day backward running 
mean: (a) 200 hPa velocity potential; (b) OLR; ‘X’ denotes time and longitude of TC genesis events and ‘0’ denotes genesis 
events outside of the latitude band; (c) MSLP anomaly. Units are same as in Fig. 11.

Fig. 14 Daily RMM1 and RMM2 phase space diagrams (with interannual part retained): (a) from 1 May 2009 to 30 June 2009; (b) 
from 1 July 2009 to 31 August 2009; (c) from 1 September 2009 to 31 October  2009.

(a) (b)
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Tropical cyclones

Tropical cyclones (TCs) are defined here as systems having 
maximum ten-minute mean winds greater than 17 m s-1, or 
having been named. Operational tracks are shown in Fig. 
15, while Table 2 lists TCs in order of occurrence within the 
various basins, showing duration and estimated maximum 
intensity details. Tracks are from the near real-time pub-
lication Darwin Tropical Diagnostic Statement (DTDS), and 
are based on Darwin RSMC operational analyses, with 
limited post-analysis in a few cases. A brief discussion and 
more information on each cyclone can be found in the DTDS 
for the relevant month. Other details about the cyclone data 
analysis are presented in the Appendix.
 A total of 22 TCs were analysed in the Darwin RSMC 
analysis area during the summary period; of these thirteen 
reached severe tropical cyclone, or typhoon, intensity. In 
addition, two cyclones developed east of the date-line and 
moved in to the RSMC area as tropical lows. Twenty-one 
cyclones formed in the western North Pacific (23.2 tropical 
storms and 13.7 typhoons on average). One cyclone formed 
in the Bay of Bengal (3.6 average for the whole of the north 
Indian Ocean). No cyclones developed in the south Indian 
and South Pacific Oceans (average 3.3 for the south Indian 
and South Pacific Oceans combined). A total of 18 cyclones 
formed during the same period in 2008 and 21 cyclones in 

Fig. 14 Continued.

Fig. 15 Tropical cyclone tracks, 1 May to 31 October 2009. Solid line denotes system reached severe tropical cyclone (typhoon/
hurricane) intensity; dashed line denotes system reached only tropical cyclone/storm intensity. 

(c)
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both 2007 and 2006 (Shaik 2009a; Shaik and Cleland 2008a; 
2007a). On average 30 TCs form in the Darwin RSMC 
analysis area from May to October.  
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Appendix

Data sources used in this summary include:
•	 Construction of MSLP, upper wind and velocity potential 

six-month seasonal charts, and MSLP and velocity poten-
tial time-longitude plots are based on the data from 
the Bureau of Meteorology’s Global Assimilation and 
Prediction system (GASP – Bourke et al. 1990; Bureau 
of Meteorology 1998); anomalies were derived from 
the NCEP2 climatology. Data for cross-equatorial flow 
diagrams were obtained from the Bureau of Meteorology’s 
Tropical region eXtended Limited Area Prediction System 
(Puri et al. 1998; Bureau of Meteorology 2005).  

•	 RMM index, a seasonal-independent real-time multi-
variate index for monitoring the MJO as described 
by Wheeler and Hendon (2004). A pair of empirical 
orthogonal functions (EOFs) was developed using near-
equatorial averaged 850 hPa and 200 hPa zonal winds and 
satellite-derived OLR. Projection of the daily observed 
data onto these EOFs yields a principal component series 
(RMM1 and RMM2). Once the annual and interannual 
variability is filtered out from the series, the series 
reflects the interseasonal variability covering mostly the 
MJO scale. The MJO signal is considered to be weak or 
inactive when the RMM value remains between -1 and 
+1. The OLR data are derived from the NOAA polar-
orbiting satellites and the winds are from the US National 
Centers for Environmental Prediction/National Center 
for Atmospheric Research (NCEP/NCAR) reanalyses 
data. See details at http://www.bom.gov.au/bmrc/clfor/
cfstaff/matw/maproom/RMM/ index.htm. 

•	 OLR six-monthly and monthly map figures and time 
longitude plots for the period May to October 2009 are 
derived from data generated by NOAA, Climate Predic-
tion Center, W/NP52, Room 605, WWBG, 5200 Auth Road, 
Camp Springs, Maryland, 20746-4304 USA. OLR anomalies 
are derived using a 1979-95 climatology data-set.

•	 The SST analysis was derived from the operational 
global analysis of the National Meteorological and 
Oceanographic Centre, Bureau of Meteorology, 
Melbourne. It includes blended in situ and satellite data, 
1°C resolution. The 1°x1° global SST climatology from 
NCEP (Reynolds and Smith 1995) was used to calculate 
anomalies.  

•	 Darwin Tropical Diagnostic Statement (DTDS), May to 
October 2009 (issued monthly), and the Weekly Tropical 
Climate Note (http://www.bom.gov.au/climate/tropnote/
tropnote.shtml) for the period 28 April 2009 to 3 November 
2009, Bureau of Meteorology, PO Box 40050, Casuarina, NT 
0811, Australia, were used for reference.

Tropical cyclones
Tropical cyclones are defined as having maximum ten-minute 
mean winds greater than 17 m s-1, or being named systems. 
Operational tracks shown in Fig. 15 are from the near real-
time publication Darwin Tropical Diagnostic Statement, and 
are based on RSMC operational analyses, with limited post-

Table 2.  Tropical cyclones within the Darwin RSMC area May 
to October 2009. CS = cyclonic storm,  TS = tropical 
storm, Ty = typhoon.

Name Dates1  Mean wind2 Estimated
  m s-1 (knots) minimum  
   MSLP (hPa)

Bay of Bengal /North Indian Ocean
Aila (CS) 24 - 25 May 28 (55) 974
   
South Indian Ocean Nil

South Pacific Nil
   
Northwest Pacific/South China Sea
Kujira (Ty) 2 – 7 May 41 (80) 945
Chan Hom (Ty) 3 – 8 May 39 (75)  960
Linfa (TS) 18 – 22 June 31 (60) 975
Nangka (TS) 23 – 26 June 21 (40) 994
Soudelor (TS) 11 – 12 July 18 (35) 996
Molave (Ty) 16 –19 July 34 (65) 975
Goni (TS) 3 – 8 Aug 18 (35) 990
Morakot (Ty) 3 – 10 Aug 41 (80) 945
Etau (TS) 9 – 13 Aug 26 (50) 990
Vamco (Ty)3 17 – 25 Aug 46 (90) 945
Krovanh (Ty)4 28 – 31 Aug 34 (65) 975
Dujuan (TS)5 3 – 9 Sep 26 (50) 980
Mujigae (TS) 9 – 11 Sep 18 (35) 994
Choi-Wan (Ty)6 12 – 20 Sep 52 (100) 915
Koppu (Ty) 13 – 15 Sep 34 (65) 975
Ketsana (Ty) 25 – 30 Sep 39 (75) 960
Parma (Ty) 28 Sep – 14 Oct 54 (105) 920
Melor (Ty)7 29 Sep – 8 Oct 57 (110) 910
Nepartak (TS)8 9 – 14 Oct 23 (45) 992
Lupit (Ty)9 15 - 27 Oct 49 (95) 930
Mirinae (Ty) 27 Oct – 2 Nov 41 (80) 955

1 Dates (UTC) at TC intensity in Darwin RSMC area.
2 Maximum 10-minute mean wind (while in RSMC area). 
3 Vamco moved north out of the RSMC area while weakening.
4 Krovanh moved north out of the RSMC boundary while undergoing ex-

tratropical transition. 
5 Dujuan moved north of the RSMC area while intensifying.
6 Choi-Wan moved north of the RSMC area while weakening.
7 Melor moved north of the RSMC area while weakening.
8 Nepartak moved east of the date-line while weakening.
9 Lupit moved north of the RSMC area while undergoing extratropical 

transition.
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analysis in a few cases. 
 The mean wind speed data were obtained from the 
Bureau of Meteorology’s TC module database which derives 
data from the cyclone advisories issued by the responsible 
agencies. The minimum pressures were estimated using 
the relationship of Atkinson and Holliday (1977) adopted 
by the Australian TC module team. Climatological numbers 
are from Cooper and Falvey (2009) 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 relevant month. 
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