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Introduction

This summary reviews southern hemisphere climate pat-
terns acting around Australia and the southern hemisphere 
for the austral autumn 2008 (March to May). Particular at-
tention is given to the Australasian and Pacific regions. The 
main sources of information used for this summary were 
analyses prepared by the Australian Bureau of Meteorology 
and the Centre for Australian Weather and Climate Research 
(CAWCR) and the Climate Diagnostic Bulletin prepared by 
the U.S. Climate Prediction Center (CPC). This article begins 
with discussion at the largest spatial scales of climate vari-
ability and ends with a more detailed analysis of the Austra-
lian region.

Indian and Pacific Ocean climate

El Niño-Southern Oscillation

On seasonal to inter-annual timescales, the El Niño-Southern 
Oscillation (ENSO) has historically been the strongest driver 
of global climate variability (e.g. Wright 1985). Autumn is 
traditionally a transitional period for moving into and out 
of ENSO events. Over the summer of 2007–08 a moderately 
strong La Niña event matured, reaching its peak in February, 
and was influencing the climate of eastern Australia (Wheel-
er 2008). During autumn 2008 the La Niña slowly weakened, 
with a return of neutral ENSO conditions confirmed by the 
end of the season. In the following sections, we look at each 
ENSO indicator in detail.

The Troup Southern Oscillation Index

The Troup Southern Oscillation Index (SOI) for the period 
January 2004 to May 2008 is shown in Fig. 1, together with a 
five-month weighted moving average. 
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 By the end of the 2007–08 summer, the SOI had increased 
to +21.3 for February, its highest value since November 2000 
and the highest value on record for the month of February. 
During autumn the SOI started a dramatic fall, reaching val-
ues of +12.2 for March, +4.5 for April and −4.3 for May. The 
fall in the SOI from February marked the end of the 2007–08 
La Niña event and the start of a neutral phase. The SOI is de-
rived from the mean sea level pressure (MSLP) at both Dar-
win and Tahiti. Both sites contributed to the change in SOI, 
with predominantly negative MSLP at Darwin over summer, 
returning to near normal by the end of autumn, and positive 
MSLP at Tahiti also returning to near normal by the end of 
autumn.

Multivariate ENSO index

The Climate Diagnostics Center Multivariate ENSO Index 
(MEI) is derived from a number of atmospheric and oceanic 
parameters typically associated with ENSO and calculated as 
a two month mean (Wolter and Timlin 1993, 1998). Negative 
values of the MEI indicate cooler conditions while positive 
values indicate warmer conditions. MEI values have been 
ranked since the beginning of a 59 year record. The lowest 
number (1) denotes the strongest La Niña case for that bi-
monthly season, while the highest number (59) indicates the 
strongest El Niño case. The MEI was ranked as the fourth 
strongest La Niña for the January-February 2008 bimonthly 
season since 1950 (when records began). By April-May the 
ranking was 17 and by May-June it was 32, a middle ranking 
that puts the MEI very much in the neutral range as ranks 
between 12 to 48 are considered neutral (Climate Diagnos-
tics Center 2008a,b).

Outgoing long-wave radiation

Outgoing long-wave radiation (OLR) for autumn over the 
equatorial Pacific (5°S to 5°N and 160°E to 160°W) is shown 
in Fig. 2, displaying data from the Climate Prediction Center, 
Washington, which shows a standardised monthly anomaly 
of OLR from January 2004 to May 2008, together with a three 
month moving average. OLR over the equatorial Pacific is a 
measure of tropical deep convection, with increases in OLR 
indicating decreases in convection and vice versa. Convec-
tion in the equatorial region centred about the date-line is 
sensitive to changes in the Walker Circulation. During El 
Niño events, convection is generally more prevalent in this 
region, resulting in a reduction in OLR. During La Niña 
events less convection occurs in the vicinity of the date-line 
resulting in an increase in OLR.

 The strongly positive phase of the Southern Oscillation 
over summer 2007–08 was accompanied by an increase 
in OLR (decreased convection) around the date-line. The 
anomaly value for February was strongly positive at +2.5, the 
highest value since February 2000 (1998 to 2001 saw a suc-
cession of La Niña events). The dramatic decrease in the SOI 
that occurred through autumn was also accompanied by a 
decrease in OLR, but the index of OLR still remained slightly 
positive at the end of autumn (more convection than over 
summer, but still less than normal) with a value of +1.2 for 
May. The value for March was +2.4 and the value for April 
was +1.5.
 The global spatial pattern of seasonal OLR anomalies for 
the same period is shown in Fig. 3. Consistent with the time 
series in Fig. 2, positive anomalies are present in the equato-
rial Pacific near the date-line, representing suppressed con-
vection and rainfall. The strongest anomalies occur just to 

Fig. 1   Southern Oscillation Index, January 2004 to May 
2008. Means and standard deviations used in the 
computation of the SOI are based on the period 1933 
- 1992.

Fig. 2   Standardised anomaly of monthly OLR averaged over 
the area 5°S - 5°N and 160°E - 160°W, from January 
2004 to May 2008. Negative (positive) anomalies in-
dicate enhanced (reduced) convection and rainfall in 
the area. Anomalies are based on the 1979-1995 base 
period. After Climate Prediction Center (2008).
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the west of the date-line. Positive OLR anomalies (reduced 
convection) are also present over almost all of Australia, 
which is consistent with the below to very much below av-
erage rainfall that was observed across most of the country 
during autumn. In contrast, enhanced convection and rain-
fall are indicated over Southeast Asia and the southwest Pa-
cific. 
 The spatial pattern of seasonal OLR has some strong La 
Niña characteristics, such as the strong positive OLR near 
the date-line and the surrounding negative anomalies. This 
is expected, as although the Pacific was neutral with respect 
to ENSO by the end of autumn, the season started with a 
mature and strong La Niña and the anomalies have been 
averaged over the three months of the season. The spatial 
pattern of May OLR (not shown) shows significant weaken-
ing of the strong positive OLR anomalies present near the 
date-line in March (also not shown).

Equatorial Pacific sub-surface ocean temperatures

The sub-surface ocean component of ENSO can be well de-
scribed by the position of the near-equatorial thermocline in 
the Pacific. The thermocline is the strong vertical gradient 
in temperatures between the warm near-surface water and 
cooler water below. The mean position of the thermocline is 
a depth of about 150 m in the west Pacific rising to around 50 
m in the east Pacific. At the peak of a La Niña event this west-
to-east tilt becomes magnified with an even deeper thermo-

cline in the west, and shallower in the east. The opposite is 
observed at the peak of an El Niño.
 Figure 4 shows the Hovmöller plot of the 20°C isotherm 
depth anomaly (obtained from CAWCR) across the equator 
for the period January 2001 to May 2008.  The 20°C isotherm 
is generally situated close to the equatorial thermocline, the 
region of greatest temperature gradient with depth and the 
boundary between the warm near-surface and cold deep-
ocean waters, and is hence a proxy for the depth of the 
thermocline. Positive (negative) anomalies correspond to 
the 20°C isotherm being deeper (shallower) than average. 
Changes in the thermocline depth may act as a precursor to 
subsequent changes at the surface. A shallow thermocline 
depth results in more cold water available for upwelling, and 
hence potential cooling of surface temperatures. 
 During summer, when the 2007–08 La Niña matured, the 
20°C isotherm anomaly was strongly negative in the central 
and eastern Pacific and strongly positive in the western Pa-
cific. Hence the thermocline was deeper in the west and shal-
lower in the east. Through autumn the sub-surface warmed 
across the central and eastern equatorial Pacific, with weak 
positive 20°C isotherm anomalies developing in the central 
and eastern Pacific. It is possible that these warm anoma-
lies were a response to the eastward propagation of a weak 
down-welling Kelvin wave. Such waves, indicated by posi-
tive depth anomalies travelling from west to east, are usually 
generated by bursts of westerly winds in the western Pacific 
and have been associated with the subsequent development 

Fig. 3  Anomalies of OLR for autumn 2008 (W m−2). Base period 1979 to 2001.
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of El Niño events (e.g. McPhaden et al. 2006). Figure 4 shows 
warm anomalies, present in the western Pacific since early 
2008, spreading eastwards to reach the eastern boundary by 
May. 
 Figure 5 shows a cross-section of monthly equatorial 
sub-surface anomalies from February to May 2008 (obtained 
from CAWCR). Red shading indicates positive anomalies, 
and blue shades negative anomalies. The strongly negative 
sub-surface water, which existed across most of the tropical 
basin in February, slowly warmed through autumn. Some 
weak positive anomalies developed near the surface in the 
far east near South America. Although there was signifi-
cant warming through autumn, weak negative sub-surface 
anomalies still persisted in the central Pacific.

Equatorial Pacific Ocean sea surface temperature in-
dices

Global SST anomalies for autumn 2008 are shown in Fig. 
6. These data are the National Oceanic and Atmospheric 
Administration (NOAA) Optimum Interpolation Analyses 
(Reynolds et al. 2002). Positive anomalies are shown in red, 
while negative anomalies are shown in blue.
 The La Niña pattern of SSTs across the equatorial Pacific 
that was present in summer 2007–08 began to break down 
through autumn 2008. The equatorial Pacific warmed with 
each month and by the end of May, although some cool 
anomalies were still present in the central Pacific, all SST 
anomalies were within the neutral ENSO range. Weak warm 
anomalies that started developing near the South American 
coast in February continued to develop, spreading from the 
coast, along the equator, to about 120°W by the end of May 
2008. 
 In the eastern Pacific, the NINO3 index started at -0.39°C 
for March warming to +0.17°C in May. Likewise in the eastern 
to central Pacific the NINO3.4 region also warmed through 
autumn, from -0.95°C in March to -0.48°C by May. NINO4, 
which is situated in the central to western Pacific, warmed 
from -0.95°C to -0.48°C. The biggest jump in warming hap-
pened between February and March in all three regions 
with NINO3 and NINO3.4 increasing by 0.7°C and NINO4 
increasing by 0.4°C

Zonal winds across the equatorial Pacific

A Hovmöller plot of 850 hPa zonal winds across the equator 
from January 2008 to July 2008 can be seen in Fig. 7 (obtained 
from CAWCR) which shows that equatorial trade winds were 
generally stronger than normal across the central and west-
ern Pacific through autumn, but weakened somewhat in May. 
Strong equatorial trade wind flow is generally associated 
with La Niña events.  The warming of the sea surface in the 
central and western Pacific, discussed in the preceding sec-
tion, is reflected in the observed weakening of the trade flow.

Fig. 5   Four month, February to May 2008, sequence of verti-
cal temperature anomalies at the equator for the Pa-
cific Ocean. The contour interval is 0.5°C.

Fig. 4   Time-longitude section of the monthly anomalous 
depth of the 20°C isotherm at the equator from Janu-
ary 2001 to June 2008. The contour interval is 10 m.
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     In contrast, anomalous westerly flow generally 
dominated the equatorial eastern Pacific from the 
South American coast to about 140°W through 
both autumn and summer. This is unusual for a 
La Niña and the warmer than normal water that 
developed in this region through February and au-
tumn was likely to be at least in part a response to 
the anomalous westerly flow.

Indian Ocean Dipole

The Indian Ocean Dipole (IOD) is a pattern of SST 
variability that affects climate of many nations 
around the Indian Ocean rim (Meyers et al. 2007), 
including Australia. A positive IOD is character-
ised by cooler than normal water in the eastern 
Indian Ocean, near Sumatra, and warmer than 
normal water in the western Indian Ocean, near 
Africa. A positive IOD SST pattern often results in 
a decrease of rainfall over parts of southern Aus-
tralia. A negative IOD is characterised by an oppo-
site SST pattern and is often associated with an in-
crease in rainfall over parts of southern Australia. 
The Dipole Mode Index (DMI), developed by Saji et 
al. (1999) measures the difference in SST anomaly 
between the tropical west and east of the Indian 
Ocean. IOD events usually start around May or 
June, peak between August and October and then 
rapidly decay.
     Over the 2007–08 summer the IOD was close 
to neutral, and was not considered to have played 
a significant role in driving southern hemisphere 
climate anomalies through that period (Wheeler 
2008). The DMI remained neutral through March 
and April, however, the weekly value of the DMI 
increased to 0.5 during the first week of May, in-
creasing further to 1.2 by the end of May.  

Fig. 6   Global anomalies of SST for autumn 2008 (°C). The contour interval is 0.5°C.

 Fig. 7   Time-longitude section of 850 hPa wind anomalies along the equa-
tor 5°S−5°N from January to July 2008. The contour interval is 2 
ms−1.
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 The IOD pattern was not discernable in the 
Indian Ocean monthly SST anomaly pattern for 
May (not shown), however, on a weekly scale 
(also not shown) weak cold anomalies did devel-
op off the Indonesian coast in the last two weeks 
of May. The OLR pattern for May (not shown) 
shows a significant area of positive anomalies 
(below average cloudiness) south of Sumatra, 
extending over most of the Australian conti-
nent.  When averaged over the continent, May 
2008 was Australia’s driest May on record. The 
most deficient areas were in central and south-
ern Western Australia, southwest Northern Ter-
ritory and western South Australia. It is possible 
that a developing positive IOD event contributed 
to the low rainfall observed.

Madden-Julian Oscillation

The Madden-Julian Oscillation (MJO) is a tropi-
cal atmospheric anomaly, which develops in the 
Indian Ocean and propagates eastwards into 
the Pacific Ocean (Donald et al. 2004).  The MJO 
takes a timescale of between 30 to 60 days to 
reach the western Pacific and has a frequency 
of 6 to 12 events per year (Donald et al. 2004). 
When the MJO is in an active phase, it is asso-
ciated with increased tropical convection. The 
time evolution of tropical convection anomalies 
along the equator are shown in Fig. 8, starting 
in January 2008 and ending in July 2008. In the 
daily averaged OLR anomalies in Fig. 8, two 
eastward-propagating bands of tropical convec-
tion are evident through autumn 2008. During mid March, 
the first band of MJO related convection was located in the 
Indian Ocean. By the end of March, the band had moved 
into Australian longitudes. The MJO did not extend into the 
western Pacific, instead it weakened and was undiscernible 
by the end of March. An active monsoon and the develop-
ment of severe Tropical Cyclone Pancho coincided with MJO 
activity over the Australian region. Tropical Cyclone Pancho 
is described in more detail in the Tropical Cyclone section.
 The second band of MJO related convection was located 
in the far west Indian Ocean during the first two weeks of 
April, and developed over Australian longitudes during the 
first week of May.  No monsoon was associated with this cy-
cle of the MJO as it was too late in the southern hemisphere 
wet season. As with the event in March, the MJO did not ex-
tend into the western Pacific, again weakening and becom-
ing undiscernible.

Global atmospheric patterns

Surface analyses

The southern hemisphere autumn 2008 MSLP pattern, com-
puted from the Bureau of Meteorology’s Global Assimilation 
and Prediction (GASP) model, is shown in Fig. 9, with the 
associated anomaly pattern shown in Fig. 10. These anoma-
lies are the difference from a 1979-2000 climatology obtained 
from the National Centers for Environmental Prediction 
(NCEP) II Reanalysis data (Kanamitsu et al. 2002). The MSLP 
analysis has been computed using data from the 0000 UTC 
daily analyses of the GASP model. The MSLP anomaly field 
is not shown over areas of elevated topography (grey shad-
ing).
 The autumn MSLP pattern displays a zonal structure in the 
mid to high latitudes with weak three-wave characteristics. 
The three weak troughs are located at approximately 150°W, 
120°E and 30°W. The subtropical ridge is located close to its 
seasonal climatological position, around 35°S. MSLP is gen-
erally higher than normal over the Antarctic region (except 
south of South America, where it is anomalously low) and 

Fig. 8   Time-longitude section of 7-day running mean OLR anomalies, aver-
aged for 7.5°S-7.5°N, for the period January 2008 to July 2008. Base 
period 1979-2001.
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lower than normal in a band between 30°S and 55°S south 
of Australia and across the Indian and Atlantic Oceans. This 
pattern has similarities to the loading pattern of the South-
ern Annular Mode (SAM) which is discussed in more detail 
in a following section.

Mid-tropospheric analyses

The 500 hPa geopotential height, which is an indicator of 
the steering of surface synoptic systems across the south-
ern hemisphere, is shown in Fig. 11, and the associated 

anomalies in Fig. 12. Figure 11 shows that the autumn 500 
hPa height pattern, like the MSLP pattern (Fig. 9), displays a 
zonal structure in the mid to high latitudes, also with weak 
three-wave characteristics.
 Figure 12 shows height anomalies similar to the surface 
anomaly pattern displayed in Figure 9 for most of the South-
ern Hemisphere. However, over the Australian continent, as 
well as the central and western Pacific, low 500 hPa height 
anomalies are combined with high surface anomalies. This 
implies less upward motion and convection during autumn 
2008 in these areas, which is consistent with the generally 

Fig. 9   Southern hemisphere autumn 2008 MSLP (hPa). The 
contour interval is 5 hPa.

Fig. 11   Southern hemisphere autumn 2008 500 hPa mean 
geopotential height (gpm). The contour interval is 100 
gpm.

Fig. 10   Southern hemisphere autumn 2008 MSLP anomalies 
(hPa). The contour interval is 2.5 hPa.

Fig. 12   Southern hemisphere autumn 2008 500 hPa mean 
geopotential height anomaly (gpm). The contour in-
terval is 30 gpm.
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below average autumn rainfall that was ob-
served across most of Australia.

Southern Annular Mode

The SAM describes the periodic, approxi-
mately 10 day, oscillation of atmospheric 
pressure between polar and mid-latitude 
regions of the southern hemisphere. Posi-
tive phases of SAM describe increased 
mass over the extra-tropics, decreased 
mass over Antarctica and enhanced mid-
latitude westerly flow that has contracted 
poleward. Conversely, negative phases of 
SAM describe increased mass over Ant-
arctica, reduced mass over the extra-trop-
ics and westerly flow that has expanded 
equatorward. The Climate Prediction Cen-
ter standardised monthly SAM index (Cli-
mate Prediction Center 2008) was positive 
throughout summer 2008, with a value of 
1.15 in February. During autumn the index 
fell with each month, reaching a value of 
−0.49 for May. 
 Figures 10 and 12 indicate anomalously 
low pressure for autumn 2008 around the 
mid-latitudes south of Australia and across 
the Indian and Atlantic Oceans and anoma-
lously high pressure over the Antarctic re-
gion. As mentioned above, this is similar 
to the loading pattern for negative SAM. 
Hendon et al. (2007) discussed Australian 
rainfall patterns associated with the posi-
tive and negative phases of the SAM. They 
found that the negative phase of SAM is 
usually associated with increased westerly 
flow in the southern regions of Australia and 
a weakened easterly flow in the north. Dur-
ing April, rainfall was above to very much 
above average over western and southwest-
ern Western Australia. It is possible that a 
negative phase of the SAM and hence, low-
er than normal pressure in the region, con-
tributed to this rainfall. Otherwise, no other 
climatic effects of the SAM were observed 
in Australia.

Blocking

The time-longitude section of the daily 
southern hemisphere blocking index (BI)  is 
shown in Fig. 13, the start of the season be-
ing at the top of the Figure. This index is a 

Fig. 13   Autumn 2008 daily blocking index time-longitude section. Day 1 is 1 
March.

Fig. 14   Mean southern hemisphere blocking index for autumn 2008 (solid line).  
 The dashed line shows the corresponding long-term average. The hori- 
 zontal axis shows the degrees east of the Greenwich meridian.



Duell: Seasonal climate summary southern hemisphere (autumn 2008)  71   

measure of the strength of the zonal 500 hPa flow in mid-lat-
itudes relative to that at lower and higher latitudes. Positive 
values of the blocking index are generally associated with a 
split in the mid-latitude westerly flow centred near 45°S and 
mid-latitude blocking activity.
 Positive daily BI values occurred between 150°E and 
100°W during both April and May. The strongest event, 
with a centre of BI greater than 60 ms−1, started around mid- 
May and continued for a little over a week, centred around 
150°W. 
 The mean southern hemisphere blocking index for au-
tumn 2008 is shown in Fig. 14. Averaged over the whole sea-
son, blocking activity was near normal through most of the 

Fig. 15   Global autumn 2008 850 hPa vector wind anomalies (m s−1).

Fig. 16   Global autumn 2008 200 hPa vector wind anomalies (m s−1).

southern hemisphere mid-latitudes, apart from in the central 
and eastern Pacific where it was stronger than normal. Peak 
seasonal mean BI values were located around 170°E, close 
to the region of maximum climatological values. The region 
from eastern Australia to the central Pacific, 140°E to 140°W, 
is climatologically favoured for blocking (Trenberth and Mo 
1985; Sinclair 1996).

Winds

Autumn 2008 low-level (850 hPa) and upper-level (200 hPa) 
wind anomalies (from the 22-year NCEP II climatology) are 
shown in Figs 15 and 16 respectively. Isotach contours are 
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at 5 m s−1 intervals, and in Fig. 16, regions where the surface 
rises above the 850 hPa level are shaded. 
 Low-level enhanced trade wind flow extended from the 
central to western Pacific in autumn, which is consistent 
with the strong La Niña that weakened through the season. 
In the eastern Pacific, anomalous westerly flow dominated, 
which was also a feature of the 2007–08 summer (Wheeler 
2008) and an unusual pattern for a La Niña, but as previously 
mentioned a likely trigger for the development of warm wa-
ter in the eastern equatorial Pacific. Over the tropical central 
and eastern Pacific, westerly flow dominated in the upper 
levels, with the strongest anomalies, of greater than 15 ms−1, 
observed in the central tropical Pacific.
 In the Australian region the most significant feature of 
the low-level autumn wind field was anomalous anticyclonic 
flow over eastern Australia and north to northwesterly flow 
over central and western parts of the country. In the upper 
levels there was anomalous cyclonic flow centred near the 
central east coast of Australia, with a maximum over the 
Coral Sea exceeding 10 ms−1. Upper-level anomalous cy-
clonic flow, coupled with low-level anomalous anticyclonic 
flow indicates less upward motion in the region and there-
fore less convection and rainfall, as was generally observed 
across most of the Australian continent through autumn. 
 A lingering monsoon trough in March, just south of Indo-
nesia and northwest of the Western Australian coast, is re-
flected by anomalous low-level cyclonic flow in Fig. 15. The 
region of cyclonic flow in the Indian Ocean saw the develop-
ment of three cyclones through March and early April in the 
Australian region, as discussed in the next section.  

Australian region tropical cy-
clones

Three tropical cyclones (TCs) devel-
oped in the southern hemisphere 
Australian region during autumn 
2008. All three cyclones, Ophelia, 
Pancho and Rosie, developed in the 
Indian Ocean (Australian Bureau of 
Meteorology 2008). Pancho was the 
only severe cyclone (category three 
or higher on the Australian tropical 
cyclone scale), reaching category 
four intensity.  
 Ophelia began as a tropical low 
near the base of the Top End of 
Australia on 26 February. It tracked 
across the north Kimberley and into 
the Indian Ocean, strengthening to 
TC intensity on 1 March about 80 
km north of Cape Leveque. Ophelia 
developed to category two TC in-
tensity on the morning of 2 March 

and was steered to the west-southwest by a persistent mid-
level ridge to the south. It maintained category two intensity 
until 5 March, before weakening below cyclone intensity on 
6 March as it tracked south-southwest, well west of Carnar-
von. Some offshore industry installations were evacuated as 
a precautionary measure, resulting in some economic loss-
es. 
 A low that formed west southwest of Christmas Island on 
23 March during an active phase of the monsoon tracked 
to the south-southeast and deepened, reaching TC intensity 
on 25 March and being named Pancho. It intensified rap-
idly on 26 March, peaking at category four intensity on the 
27 March, well to the west-northwest of Exmouth. The TC 
soon weakened as it experienced increased wind shear and 
moved over cooler waters. On 29 March, about 250 km west-
southwest of Carnarvon, the cyclone was downgraded to 
a low. Although Pancho had no direct wind impact on the 
Western Australian coast, it was associated with heavy rain-
fall in the west Pilbara and Gascoyne district. Some of the 
heaviest daily falls included:

•	  24 hours to 9 am 27 March: Minderoo (157 mm), Ex-
mouth (119 mm), Onslow Airport (95 mm),

•	  24 hours to 9 am 30 March: Yalleen (147 mm), Karratha 
(118 mm), Tamala (96 mm), Denham (87 mm). 

 
The remnants of Pancho moved further south, passing near 
Perth on 31 March and resulted in unseasonal heavy rain 
across parts of the South West Land Division. 
 TC Rosie was a small cyclone that developed rapidly off 
the coast of Sumatra (Indonesia) overnight on 21–22 April. 

Fig. 17   Autumn 2008 rainfall totals (mm) for Australia.
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Rosie reached category two inten-
sity before weakening back to a 
low on 22 April, as it passed near 
Christmas Island. The most signifi-
cant impact of TC Rosie was heavy 
swell at high tide at the port area of 
Christmas Island at about 0000 UTC 
on 22 April. The harbour master re-
ported waves of 5 to 7 m that dam-
aged some facilities on the shore 
and tore a long-line mooring from 
its anchor. 

Australian region climate

Rainfall

Rainfall totals for autumn are shown 
in Fig. 17, while the rainfall deciles 
for the same period are shown in 
Fig. 18 (a). Rainfall deciles are calcu-
lated using all autumns from 1900 to 
2008. Analogous rainfall deciles for 
May are shown in Fig. 18 (b). 
 Figure 18 shows that when aver-
aged over the season, rainfall was 
below to very much below average 
across most of Australia. Substan-
tial areas of the continent were in 
the lowest decile, with some places 
recording lowest autumn rainfall on 
record.  Seasonal low rainfall records 
were broken locally in Queensland, 
New South Wales, Victoria, Tas-
mania and the Northern Territory. 
Numerous inland locations, such as 
Alice Springs and Brunette Downs 
in the Northern Territory and Boulia 
and Richmond in Queensland had a 
rainless autumn. When averaged 
across the continent, autumn 2008 
was Australia’s 8th driest autumn 
on record. May 2008 was particular-
ly dry and, when averaged across 
the continent, was Australia’s driest 
May on record.
 Some smaller areas, such as the 
far west of Western Australia, ex-
perienced above average rainfall for the season. Tropical 
cyclone-related falls in March and early April contributed 
to the above average falls in Western Australia. A few loca-
tions around Shark Bay, in Western Australia, had their wet-
test autumn on record. Apart from one or two small areas of 
above normal rainfall scattered through the northern trop-

ics, a small area of the mid-north coast of New South Wales, 
centred on Taree, also received above average autumn rain-
fall. This was due to heavy rains in April. 
 The highest seasonal rainfall total in Australia was 2194 
mm at Tree House Creek, Queensland. The highest 24-hour 
total was 446 mm at Port Douglas, Queensland, on 5 March.

Fig. 18   (a) Autumn 2008 rainfall deciles for Australia: decile ranges based on grid-point 
values over the autumn periods from 1900 to 2008. (b) May 2008 rainfall deciles 
for Australia: decile ranges based on grid-point values over the May periods from 
1900 to 2008.

(a)

(b)
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Drought

As discussed in the preceding section, rainfall 
was below to very much below average across 
almost all of Australia in autumn 2008. Austra-
lia’s area averaged May rainfall was the lowest 
on record (National Climate Centre 2008). The 
dry May combined with relatively poor rainfall 
in March and April contributed to large parts 
of Australia experiencing serious to severe 
rainfall deficiencies during autumn. 
 One way of assessing drought involves a con-
sideration of the extent of areas of the continent 
with accumulated rainfall in the lowest decile 
for varying timescales. Local temporal maxima 
in the areal extent of rainfall deficiencies occur 
at periods of 3, 12, 25, 51 and 72 months for pe-
riods ending May 2008. For the 3-month period 
ending in May (Fig. 18), 35.8 per cent of Austra-
lia and 55.9 per cent of Queensland were expe-
riencing serious rainfall deficiencies (i.e. rainfall 
totals below the long-term tenth percentile). In 
northern Australia this was a result of an early 
end to the wet season, while southern Austra-
lia experienced a poor start to the southern wet 
season. Across the Murray-Darling Basin, it 
was the fourth driest autumn on record.
 Rainfall deficiencies for the 12-month pe-
riod from June 2007 to May 2008 were evident 
over large areas of South Australian and cen-
tral Australia (not shown). Serious to severe 
deficiencies were also observed across parts 
of southern Western Australia, the far west of 
Queensland, the far west of New South Wales, 
western and central Victoria and over northern 
and eastern Tasmania. Over the 12-month pe-
riod, much of eastern Australia had some ben-
efit from above average rainfall associated with 
the 2007–08 La Niña. In contrast, central areas of Australia 
had below average falls through summer and autumn, with 
record-low falls evident for the period over a large area in 
southeastern parts of the Northern Territory and in small 
patches in central South Australia. 
 The deficiencies discussed above occurred against a 
backdrop of decade-long rainfall deficits and record high 
temperatures that have severely stressed water supplies in 
the east and southwest of the country. For the 72-month pe-
riod ending in May, 16.9 per cent of Australia and 83.2 per 
cent of Victoria experienced serious rainfall deficiencies.

Temperatures

Figure 19 shows maximum and minimum temperature 

anomalies for autumn. Temperature deciles are shown in 
Fig. 20. Seasonal anomalies are calculated with respect to 
the 1961-1990 period from the National Climate Centre ob-
servational network (entire network). The deciles are calcu-
lated using monthly analyses from a high-quality subset of 
the temperature network and with respect to all autumns 
between 1950 and 2008.
 Maximum temperatures, when averaged across autumn, 
were generally close to, or slightly below average in eastern 
Queensland, eastern New South Wales and eastern Victoria.   
A few other sites scattered across the northern tropics also 
saw anomalously cool autumn daytime temperatures. The 
coolest place, relative to its climatological average, was an 
area near Cairns (northern Queensland) which saw maxi-
mum temperatures between 1°C and 2°C below normal.
 Elsewhere, over the majority of the continent, maximum 

Fig. 19   Autumn 2008 temperature anomalies (°C) for Australia: anomalies 
based on a 1961-1990 mean. (a) maximum temperature anomalies. (b) 
minimum temperature anomalies.

(a)

(b)
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temperatures were generally above average. 
Western Australia had its fifth warmest set of 
autumn maximum temperatures in 59 years 
of records, while averaged across Australia, 
it was the eighth warmest autumn on record 
in terms of maximum temperatures (0.83°C 
above normal). Temperatures were generally 
at least 1°C above average across western 
Victoria, the far west of New South Wales, 
southern and western South Australia, the 
south of the Northern Territory and most of 
central and southern Western Australia. The 
largest warm anomalies, of 3 to 4°C above 
normal, were recorded in the Western Aus-
tralian interior. The South Australian coast 
between Ceduna and Port Lincoln, an area 
particularly affected by an exceptional and 
prolonged heat-wave in March, had its high-
est mean autumn maximum temperatures on 
record, and a belt extending across much of 
the south of the continent from south-eastern 
Western Australia to central and western Vic-
toria was in the highest decile. 
 Minimum temperatures, when averaged 
across autumn, were generally below to very 
much below average across the north and 
east of the continent. Lowest on record tem-
peratures were recorded at sites in eastern 
and northern Queensland and eastern New 
South Wales. When averaged over the conti-
nent, the autumn minimum temperature was 
0.62°C below normal, the continent’s tenth 
lowest set of autumn minimum temperatures 
in 59 years of records. Queensland’s mean 
autumn minimum temperature was 1.93°C 
below normal, ranking second lowest on re-
cord, with the lowest mean autumn minimum 
recorded in 1951. The New South Wales mean 
autumn minimum temperature was 1.35°C 
below normal, ranking fifth lowest. The larg-
est anomalies, of 3 to 4°C below normal, were 
observed in northeast New South Wales, 
central and southeastern Queensland, across 
the base of the Top End and in the north Kim-
berley. Most of northeast New South Wales, 
Queensland, the Top End and the Kimberley 
recorded temperatures in decile one. Else-
where, over central and southern Western 
Australia and the south and west of South 
Australia, minimum temperatures were gen-
erally slightly above normal. A small area of 
decile ten was evident, over the Eucla district 
of Western Australia. 

Fig. 20   Autumn 2008 temperature deciles for Australia: decile ranges based on 
grid-point values over the autumn periods for 1900 to 2008. (a) maxi-
mum temperature deciles. (b) minimum temperature deciles (c) mean 
temperature deciles.

(a)

(b)

(c)
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Highest seasonal 
total

Lowest seasonal total Highest 24-hour 
fall (mm)

Area-averaged 
rainfall (AAR) (mm)

Rank of AAR*

Australia 2194 at Tree House 
Creek (Qld)

Zero at several locations 446 at Port Douglas 
(Qld) 5 March

59.9 8

WA 497 at Exmouth Zero at several locations 234 at Exmouth 
27 March

63.8 29

NT 612 at Cape Don Zero at several locations 205 at Jindare 
10 March

61.1 18

SA 302 at Piccadilly Zero at several locations 83 at Piccadilly 
17 May

18.8 7

Qld 2194 at Tree House 
Creek

Zero at several locations 446 at Port Douglas 
5 March

67.0 10

NSW 729 at Ballina Zero at Tibooburra 218 at Upper 
Lansdowne 
25 April

63.9 13

Vic 366 at Wyelangta 18 at Robinvale 69 at Oakleigh
27 March

80.5 8

Tas 838 at Mt Read 35 at Little Swanport 76 at Elliot 27 May 198.1 15

Table 1.   Seasonal rainfall ranks and extremes on a national and State basis for autumn 2008. 

Table 2.  Seasonal maximum temperature ranks and extremes on a national and State basis for autumn 2008.

Highest 
seasonal mean 
(°C)

Lowest 
seasonal mean 
(°C)

Highest daily 
recording (°C)

Lowest daily 
recording (°C)

Anomaly of 
area-averaged 
mean (°C) 
(AAM)

Rank of AAM*

Australia 36.3 at Mandora 
(WA), Marble 
Bar (WA) and 
Fitzroy Crossing 
(WA)

8.5 at Mt 
Hotham (Vic)

45.7 at Eyre 
(WA) 13 March

–3.2 at Mt 
Hotham (Vic) 28 
April

+0.83 52

WA 36.3 at Mandora, 
Marble Bar and 
Fitzroy Crossing

21.0 at Shannon 45.7 at Eyre 
13 March

12.2 at Rocky 
Gully 
19 April

+1.16 55

NT 25.5 at 
McCluer Island

11.7 at Alice 
Springs

42.3 at 
Walungurru 
16 March

18.0 at Kulgera 
17 May

+0.95 49

SA 29.5 at Marree 17.2 at Mt Lofty 42.7 at Ceduna 
9 March

7.3 at Mt Lofty 
27 April

+1.39 55

Qld 34.3 at Century 
Mine

20.6 at 
Applethorpe 
and at 
Stanthorpe

40.1 at Bedourie 
15 March

10.5 at 
Applethorpe 
18 May

+0.04 25

NSW 28.0 at Mungindi 9.1 at Thredbo 
Top Station

41.7 at Pooncarie 
13 March

–2.0 at Mt Ginini 
28 April

+0.55 44

Vic 25.0 at Mildura 8.5 at Mt. 
Hotham

42.0 at Avalon 
16 March

–3.2 at 
Mt Hotham 
28 April

+1.11 56

Tas 19.7 at 
Campania

9.2 at Mt Read 38.0 at 
Campania 
13 March

–0.4 at 
Mt Wellington 
21 May

+0.73 50

* The temperature ranks go from 1 (lowest) to 59 (highest) and are calculated for the years 1950 to 2008 inclusive.

* The rainfall ranks go from 1 (lowest) to 109 (highest) and are calculated for the years 1900 to 2008 inclusive.
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Table 3. Seasonal minimum temperature ranks and extremes on a national and State basis for autumn 2008.

Highest 
seasonal mean 
(°C)

Lowest 
seasonal (°C)

Highest daily 
recording (°C)

Lowest daily 
recording (°C)

Anomaly of 
area averaged 
mean (°C) 
(AAM)

Rank of AAM*

Australia 26.1 at 
Troughton 
Island (WA)

0.8 at 
Thredbo Top 
Station (NSW)

30.2 at Leonora 
(WA) 7 March 
and at Adelaide 
(SA) 14 March

–13.4 at 
Charlotte Pass 
(NSW) 24 May

–0.62 10

WA 26.1 at 
Troughton 
Island

9.0 at Collie East 30.2 at Leonora 
7 March

–0.9 at Eyre 
13 April

+0.20 36

NT 25.5 at 
McCluer Island

11.7 at 
Alice Springs

29.3 at Jervois 
15 March

1.1 at Arltunga 
24 May

–0.70 13

SA 15.5 at 
Neptune Island

7.9 at 
Coonawarra and 
Yongala

30.2 at Adelaide 
14 March

–1.4 at Yunta 
29 May

+0.28 36

Qld 25.1 at 
Coconut Island

7.5 at 
Applethorpe

28.2 at Sweers 
Island 25 March

–2.2 at 
Stanthorpe 
30 April

–1.93 2

NSW 16.2 at 
Cape Byron

0.8 at 
Thredbo Top 
Station

26.3 at 
Broken Hill 
14 March

–13.4 at 
Charlotte Pass 
24 May

–1.35 5

Vic 13.3 at 
Wilsons 
Promontory

2.4 at 
Mt Hotham

26.7 at Sheoaks 
18 March

–7.2 at 
Dinner Plain 
24 May

–0.57 26

Tas 12.8 at 
Hogan Island

1.9 at Liawenee 19.0 at Moogara 
18 March

–8.3 at 
Lake Leake 
22 May

–0.08 33.5
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