
Introduction
This summary reviews the broadscale tropical circu-
lation in the Australian/Asian region during the peri-
od May to October 1999. 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 1998 and 1997 were
described in previous summaries in this series, by
Bate (1999) and  Cleland (1998) respectively. The
first section uses mostly six-month average charts to
describe the overall seasonal circulation and anom-
alies. The second section uses time series to portray
variations of the tropical circulation within the sea-
son. Intraseasonal variability of various elements such 
as outgoing long wave radiation (OLR), 200 hPa
velocity 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
an upgraded version of GASP, the Australian global
model (see Appendix). Anomalies are derived from
the European Centre for Medium-range Weather
Forecasts (ECMWF) climatology. Sea-surface tem-
perature (SST) anomalies were calculated relative to
the 1°x1° global SST climatology from the US
National Centers for Environmental Prediction
(Reynolds and Smith 1995). Further details of the
data sources used are listed in the Appendix. 

Broadscale seasonal features
Southern Oscillation
Figure 1 shows the ten-year behaviour of Troup’s
Southern Oscillation Index (SOI) from 1989 and its
symmetrical five-month running mean. Monthly val-
ues of the SOI from January 1997 are given in Table
1. The La Niña conditions with positive SOI values
established during 1998 (Bate 1999) and which per-
sisted through the November 1998 to April 1999 sea-
son (Shaik and Bate 1999), were sustained during the
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A summary of the broadscale tropical circulation from 70°E to
180° for the six months May to October 1999 is presented. By
the start of this summary period there were indications that La
Niña conditions were giving way to a neutral ENSO phase (e.g.
weaker cool sea-surface temperature anomalies in the equator-
ial Pacific and a lower southern oscillation index). However,
this was short-lived and a return to La Niña conditions was
subsequently observed. Evidence for this included below aver-
age atmospheric pressure and above average convection over
the western half of the region and positive values of the south-
ern oscillation index, as well as a prolonged active summer
monsoon over Asia. Four major active phases of the 30 to 60-
day intraseasonal oscillation were observed, with periodicity
apparently fluctuating between about 35 and 55 days. A total of
23 tropical cyclones developed during the period, close to the
mean for the area, and most of them in the northwestern
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current period, albeit in a weakened form. The SOI,
which reached +18 during April 1999, suddenly
dropped to +2 during May and remained mostly close
to the long-term mean for the first five months of the
season, with both Tahiti and Darwin reporting posi-
tive pressure anomalies. For the first time since May
1998 the SOI dropped to zero in September 1999
before climbing to +9 in October, due to a reversal in
the pressure anomaly at Darwin, supporting other
indications of a strengthening La Niña  phase. 
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Fig. 1 SOI time series for ten years to October 1999:
monthly values (bars); five-month centred
mean values (black line).

Fig. 2 Monthly mean OLR (W m-2), heavy line 240 W m-2, 260 W m-2 and above dashed, yellow-orange shading, 220
W m-2 and below, blue shading: (a) May 1999; (b) June 1999; (c) July 1999; (d) August 1999; (e) September
1999; (f) October 1999.
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Fig. 3 Monthly OLR anomaly (W m-2), heavy line zero, positive contours dashed, > +15 W m-2 yellow-orange shad-
ing, < -15 W m-2, blue shading : (a) May 1999; (b) June 1999; (c) July 1999; (d) August 1999; (e) September
1999; (f) October 1999. Anomalies from 1979-95 climatology.

Table 1. Monthly values of Troup’s SOI for the period January 1997 to October 1999.

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

1997 +4 +13 -8 -16 -22 -24 -9 -20 -14 -17 -15 -9

1998 -24 -19 -29 -25 0 +10 +15 +10 +11 +11 +13 +13

1999 +16 +9 +9 +18 +2 +1 +5 +2 0 +9
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Convection and tropospheric circulation
The mean and anomaly of OLR – used as a proxy for
convection – for each month are shown in Figs 2(a) to
(f) and 3(a) to (f) respectively. Tropical convection
was similar to the previous two seasons (Shaik and
Bate 1999; Bate 1998). Convection was generally
active (negative OLR anomalies) throughout the peri-
od over RSMC longitudes, except for the region about
the near-equatorial date-line, consistent with the sig-
nificant impact of a La Niña event. Enhanced convec-
tion was apparent over large parts of the Asian mon-
soon region for much of the period, indicating an
active monsoon.

Velocity potential analyses at 850 hPa and 200 hPa
(Fig. 4) show good vertical alignment of axes of max-
imum low-level convergence and upper-level diver-
gence indicating well organised up-motion and a vig-
orous Hadley cell, with active monsoon conditions
during the period. The axis at 850 hPa was better

defined than in the long-term climatology and was
associated with the monsoon trough in the northern
hemisphere, extending almost parallel to the equator
in the northwestern Pacific and extending into the
Bay of Bengal. The low-level and upper-level axes
are closer to the equator than in the previous northern
summer season, which is consistent with the weaker
La Niña conditions when compared to last year (Bate
1999). Well-defined axes are also seen in the region of
the South Pacific convergence zone.

Mean sea-level pressure (MSLP) and anomalies
are shown in Fig. 5. Pressure anomalies are close to
zero over much of the western equatorial Pacific and
southern Indian Ocean. Negative pressure anomalies
dominate the rest of the equatorial region, continental
Asia and northwestern Australia, consistent with gen-
erally above-average convection in the area. In gener-
al, the MSLP pattern was close to 1998 La Niña con-
ditions (Bate 1999) except for a weaker subtropical

Fig. 4 Six-month mean velocity potential (106 m2 s-1),
May to October 1999, negative contours
dashed: (a) 850 hPa; (b) 200 hPa.

Fig. 5 Six-month MSL pressure (hPa), May to
October 1999: (a) mean, isobar interval 2 hPa;
(b) anomaly, contour interval 1 hPa, shaded
areas negative.
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ridge of close to average strength over the northern
Pacific. Streamline/isotach analyses and vector anom-
alies at 850 hPa and 200 hPa are shown in Figs 6 and
7 respectively. The intertropical convergence zone
was well-defined, with stronger than normal wester-
lies at 850 hPa level in the eastern equatorial Indian
Ocean and stronger than normal easterlies in the
equatorial western Pacific, overlain by upper-level
westerly anomalies typical of La Niña. Although
monsoon southwesterlies reaching the Bay of Bengal
were stronger than average, the anomaly pattern
shows that the monsoon flow was weaker than normal
in the northwestern Pacific. Upper east to northeaster-
ly flow over south Asia was enhanced, also indicative
of a well-developed monsoon circulation. A tropical
upper tropospheric trough was a persistent feature in
the northwest Pacific, contributing to the westerly
anomaly pattern near the equator.

Diagrams depicting the cross-equatorial compo-
nent of the flow and anomalies (Fig. 8) show that the
lower-level (up to 500 hPa ) southerly component to
the cross-equatorial flow was stronger than the long-

term mean over most RSMC longitudes. The norther-
ly winds in the upper levels (250 hPa to 100 hPa) over
western longitudes were also stronger than the mean.
A comparatively thin mid-level (400 hPa to 200 hPa)
layer of southerlies normally seen over eastern longi-
tudes was absent. The cross-equatorial wind pattern
supports the enhanced convection over western longi-
tudes rather than eastern longitudes of the RSMC
area, consistent with La Niña conditions. 

Sea-surface temperature
Six-month mean and anomalous SST are shown in
Fig. 9. The anomaly pattern remained similar to that
of the previous seasons, May to October 1998 and
November 1998 to April 1999 (Bate 1999; Shaik and
Bate 1999). However, averaged over six months, the
strength of cool anomalies in the central equatorial
Pacific (not shown) and warm anomalies in the north-
western Pacific have slightly decreased from the pre-
vious season. Despite this, later in the season the
equatorial Pacific cool anomalies, which were found
near the climatological location of the cool tongue,

Fig. 6 Six-month 850 hPa wind field, May to October
1999, isotach (dashed) interval 5 m s-1: (a)
mean; (b) anomaly.

Fig. 7 Six-month 200 hPa wind field, May to
October 1999: (a) mean, isotach (dashed)
interval 20 m s-1; (b) anomaly, isotach
(dashed) interval 5 m s-1.
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were observed to strengthen a little. Warm SST anom-
alies dominated the equatorial Indian Ocean and
extended to the southeast, where they were strongest
off the west coast of Australia. This is consistent with
weaker than average low-level southerly wind flow in
this region.

Intraseasonal variability
Figures 10 to 12 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 northern OLR
plot (Fig. 12(b)) also indicates the date and longitude
of tropical cyclone genesis events.

The time-longitude plots show mixed signals of
intraseasonal variability during the period. The OLR
and MSLP anomaly series indicate strongest convec-
tive activity over the western longitudes, which is con-

sistent with the wind patterns. Also apparent is west-
ward propagation, particularly in the northern pressure
anomaly series (Fig. 12(c)) and in elements of the
northern and equatorial OLR series. This indicates not
only the movement of individual cyclones and other
convective complexes, but also the activity of west-
ward-propagating disturbances such as Rossby and
gravity waves. This results in some difficulty at times
in unambiguously resolving any west-to-east periodic
motion. Thus the time-longitude series are somewhat
equivocal with respect to precisely defining the
active/inactive phases of the 30 to 60-day intraseason-
al (Madden-Julian) oscillation (ISO). The overall ISO
periodicity appears to have fluctuated between about
35 and 55 days. Active periods also occurred at higher
frequency; these were associated, for example, with
tropical cyclones and active monsoonal bursts. In the
summer hemisphere four principal active periods can
be distinguished: mid-May to early June, much of July,
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Fig. 8 Equatorial cross-section of six-month meridion-
al wind, May to October 1999; contour interval
2 m s-1, positive (southerly) shaded, negative
contours dashed: (a) mean; (b) anomaly.

Fig. 9 Six-month SST (°C), May to October 1999: (a)
mean, isotherm interval 1°C; (b) anomaly,
contour interval 0.5°C, < -0.5°C blue shading,
> +0.5°C, pink shading.
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Fig. 10 Time-longitude sections, latitude band 5°S-15°S, 1 May1999 (day 121) to 31 October 1999 (day 304), of five-day
backward running mean: (a) 200 hPa velocity potential (105 m2 s-1); (b) OLR (W m-2); (c) MSLP anomaly
(hPa).

Fig. 11 As for Fig. 10, except latitude band 5°S-5°N.
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mid-August to early September and, finally, October.
The last two active periods were less clearly defined at
equatorial and southern latitudes. 

Figure 13 shows filtered station pressure anomaly
series for four stations, two in each hemisphere. In
Fig. 13(c) the signal for the eastern station in each
hemisphere has been added to that for the western sta-
tion four days earlier. Four days was chosen as this is
approximately the time that an eastward-moving
global wave with a period of 45 days will take to trav-
el over this longitude range. The station series gener-
ally support the Hovmoeller series figures in showing
major active phases in mid-May to early June, late
July to early August and mid-September, with weaker
active phases in early July and early October.

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.

14, while Table 2 lists TCs in order of occurrence
within the various basins, showing duration and esti-
mated 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 responsi-
ble; details may be derived from Joint Typhoon
Warning Center, Pearl Harbor (JTWC) warnings
when warnings were not received from the responsi-
ble local warning agency. Following WMO guide-
lines (Neumann 1993), winds are assumed to be aver-
aged 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. Since most
agencies use the unit of knots in warnings, wind
speeds are shown in Table 2 in knots as well as m s-1.
Minimum pressures were also obtained from the
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Fig. 12 As for Fig. 10, except latitude band 5°N-15°N; white crosses denote time and longitude of TC genesis events;
dots denote events poleward of the latitude band.
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warnings, except for those issued by JTWC and
PAGASA Manila. In these cases minimum pressures
were estimated using the relationship of Atkinson and
Holliday (1977). Climatological numbers are from
Dillon and Andrews (1997) for the northwest Pacific
and Mandal (1991) for the Bay of Bengal. A brief dis-
cussion and further details of each cyclone can be
found in DTDS for the relevant month. 

A total of 23 TCs were analysed in the Darwin
RSMC area during the summary period, all in the
northern hemisphere. Of these, 20 TCs (7 typhoons)
were analysed in the northwest Pacific, one crossing
the date-line from the east, an unusual event during a
La Niña phase. This total is close to the northwest
Pacific mean of 22.2 and eight more than for the same

months in 1998, when a reduced incidence of TCs fol-
lowed the 1997-98 El Niño phase (Bate 1999).
However it is interesting to note that the number of
typhoon occurrences (7) was only half the mean of
14.6 quoted by Dillon and Andrews (1997), and the
same as that in May-October 1998. 

Three TCs were analysed in the north Indian Ocean,
close to the climatological occurrence of 3.5; all devel-
oped to hurricane intensity. The first of these was in the
Arabian Sea early in the period, the other two in the
Bay of Bengal in October. Of the latter, the second was
classified by Indian authorities as a Super Cyclonic
Storm. Its associated winds and sea surge caused a
major catastrophe in the State of Orissa when it crossed
the coast there near the end of October.
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Appendix
Data sources used in this summary were: 
Darwin Tropical Diagnostic Statement, May to
October 1999 (issued monthly), and Weekly Tropical
Climate Note, 4 May to 2 November 1999. Bureau of
Meteorology, PO Box 40050, Casuarina,  NT 0811,
Australia.

MSLP, upper wind and velocity potential map
fields from the upgraded version of the Australian
Bureau of Meteorology’s Global Assimilation and
Prediction system (GASP - Bourke et al. (1990), Bur.
Met., Australia, 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),
nested within GASP.

OLR monthly map figures from Climate
Diagnostics Bulletin, May to October 1999, issued
monthly by Climate Prediction Center, W/NP52,
Room 605, WWBG, 5200 Auth Road, Camp Springs,
MD, 20746-4304 USA. OLR data for Hovmoeller
diagrams from Japan Meteorological Agency’s GMS-
5 geostationary satellite.
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Fig. 13 MSLP for two tropical stations in each hemi-
sphere, normalised then passed through a 40-
day Butterworth filter, 50 per cent 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 hemi-
sphere, 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).
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Sea-surface temperature analysis derived from
Melbourne Specialised Oceanographic Centre opera-
tional global analysis. Includes blended in situ and
satellite data, 1°C resolution. The 1° x 1° global SST
climatology from the US National Centers for
Environment Prediction (Reynolds and Smith 1995)
was used to calculate anomalies. 

Tropical cyclone climatology for the northwest
Pacific Ocean calculated from figures given in Dillon
and Andrews (1997). For the north Indian Ocean the
climatology is from Mandal (1991).
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Fig. 14 Tropical cyclone tracks, May to October 1999. Solid line denotes system reached severe tropical
cyclone/typhoon intensity; dashed line denotes system reached only tropical cyclone/storm intensity. Dashed
vertical line denotes western boundary of Darwin RSMC area (70°E).
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Table 2. Tropical cyclones within the Darwin RSMC area, May to October 1999. SCSH = severe cyclonic storm with
core of hurricane winds, SuCS = super cyclonic storm, TS = tropical storm, Ty = typhoon.

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

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

Bay of Bengal/North Indian Ocean  

02A (SCSH) 16 May - 21 May 50 (97) 933 JTWC (w)

04B (SCSH) 16 Oct - 18 Oct 54 (106) 922 JTWC (w)

05B (SuCS) 25 Oct - 31 Oct 63 (123) 898 JTWC (w)

Northwest Pacific / South China Sea

Leo (Ty)1 28 Apr - 2 May 33 (65) 980 Hong Kong

Maggie (Ty) 2 Jun - 8 Jun 44 (85) 945 PAGASA Manila (w)

07W (TS) 16 Jul - 17 Jul 18 (35) 996 JMA Tokyo

Neil (TS) 25 Jul - 27 Jul 26 (50) 980 JMA Tokyo

10W (TS) 26 Jul - 27 Jul 21 (40) 980 Hong Kong

Olga (Ty) 29 Jul - 3 Aug 33 (65) 970 JMA Tokyo

Paul (TS) 4 Aug - 7 Aug 23 (45) 985 JMA Tokyo

Rachel (TS) 7 Aug - 8 Aug 18 (35) 992 JMA Tokyo

Sam (Ty) 18 Aug - 23 Aug 33 (65) 972 Hong Kong

Dora (TS)2 19 Aug - 21 Aug 23 (45) 990 JMA Tokyo

Tanya (TS) 20 Aug - 23 Aug 26 (50) 998 JMA Tokyo

Virgil (TS) 25 Aug - 28 Aug 23 (45) 996 JMA Tokyo

Wendy (TS) 1 Sep - 3 Sep 21 (40) 990 Hong Kong

York (Ty) 13 Sep - 17 Sep 41 (80) 965 Hong Kong

Zia (TS) 14 Sep - 15 Sep 26 (50) 985 JMA Tokyo

Ann (TS) 16 Sep - 19 Sep 26 (50) 985 JMA Tokyo

Bart (Ty) 18 Sep - 24 Sep 46 (90) 930 JMA Tokyo

Cam (TS) 24 Sep - 26 Sep 26 (50) 988 Hong Kong

Dan (Ty) 3 Oct - 9 Oct 39 (75) 960 Hong Kong

Eve (TS) 17 Oct - 20 Oct 18 (35) 995 Hong Kong

* JMA = Japan Meteorological Agency; JTWC = Joint Typhoon Warning Center, Pearl Harbor; PAGASA = Philippine
Atmospheric, Geophysical and Astronomical Services Administration. Note that central pressures are not available from
JTWC and PAGASA Manila warnings; in these cases (w) denotes that only the wind has been obtained from the warnings
and pressures are estimated from the relationship of Atkinson and Holliday (1977).  

Notes
1  Leo continued from April; maximum intensity before 1 May was 36 m s-1 (70 kn), 970 hPa.
2  Dora weakened from hurricane intensity shortly before crossing the date-line from the east.
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