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Introduction
After a relatively dry austral spring in many parts of 
Australia, the summer of 2007-08 was notably wet, 
particularly in the east, far north and west, with only 

the centre of the continent receiving significantly be-
low average rainfall. Australian summer temperatures, 
on the other hand, were more mixed, although cooler 
than average maximum temperatures occurred in the 
east, related to the increased cloudiness and rainfall. 
The wet conditions in the east and north were favoured 
by the mature La Niña event in the Pacific, but other 
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Atmospheric and oceanic conditions in the southern hemisphere are reviewed for 
the austral summer (December-February) of 2007-08, with particular emphasis 
given to the drivers of climate variability in the Australian region and their link-
ages and mechanisms. In the tropical Pacific and nearby, a La Niña (cold) event 
dominated, peaking in about February 2008. It was the strongest La Niña since 
1988 by most measures. The global tropics were also highly influenced by several 
strong Madden-Julian Oscillation (MJO) events, the strongest activity seen since 
autumn 2005. In the extratropics, the positive phase of the Southern Annular 
Mode (SAM) dominated many aspects of the large-scale atmospheric flow, and 
was the most positive occurrence of the SAM since July 1993. Each of these three 
large-scale drivers had a discernible influence on some aspects of the summer 
rainfall and/or temperature seen in regional Australia, but other aspects were ap-
parently unrelated. For example, while the wet conditions over much of eastern 
and northern Australia were favoured by the La Niña, the drier than normal 
conditions in the centre of the continent were unlike what is usually expected dur-
ing a La Niña or a highly positive SAM. For the MJO, its impacts were a strong 
intraseasonal modulation of rainfall in the far north of Australia and an implied 
role in the genesis of each of the season’s four Australian-region tropical cyclones. 
The wet conditions in south-central Queensland in January were, however, more 
a consequence of the lingering effects of an ex-tropical cyclone (Helen). 
      Besides these known large-scale drivers of southern hemisphere climate, 
also of note for the summer of 2007-08 was a highly anomalous sea-ice extent 
around Antarctica, being the largest positive sea-ice extent anomaly since sat-
ellite records began in 1979. In December 2007 sea ice extent was 15 per cent 
greater than the 1979-2006 average, and in January 2008 was 33 per cent great-
er than average, being in stark contrast to the much-reduced sea-ice seen in the 
northern hemisphere in its summer of 2007.
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known large-scale drivers of climate were also operat-
ing. Importantly, this rain brought an end to the se-
quence of six below average rainfall years (from 2001 
to mid-2007) in Queensland and New South Wales. 
 This paper reviews these and other climate patterns 
acting around Australia, the southern hemisphere, and 
the globe for December-January-February 2007-08, 
with a focus on the known large-scale drivers of vari-
ability in the Australian region. Our aim is to highlight 
the more important climate signals with a view to re-
vealing and understanding their linkages and mecha-
nisms. The main sources of information used for this 
summary are analyses prepared by the Australian 
Bureau of Meteorology and the Centre for Australian 
Weather and Climate Research (CAWCR). We start 
by looking at the largest spatial scales of climate vari-
ability and end with a more detailed analysis of the 
Australian region.

Indo-Pacific Basin climate 
El Niño−Southern Oscillation 
On seasonal to interannual timescales, the El 
Niño−Southern Oscillation (ENSO) has historically 
been the strongest driver of global climate variations 
(e.g. Wright 1985), and the austral summer of 2007-
08 was no exception to this rule. The Troup Southern 
Oscillation Index (SOI), as shown in Fig. 1, shifted to 
positive values in August 2007 and continued to rise 
in the austral spring and summer. It peaked at a value 
of 21.3 in February 2008, which signified the presence 
of a moderately strong La Niña. This was the highest 
monthly SOI value since November 2000, and the sea-
sonal average value of 16.6 was the highest since the 
La Niña of 1988. The pressures at both Darwin and Ta-
hiti, from which the SOI is derived, contributed to this 
positive SOI, with predominantly negative pressure 
anomalies at Darwin and positive anomalies at Tahiti.
 Other indicators of ENSO consistently showed the 
existence of a moderately strong La Niña. Sea-surface 
temperature (SST) anomalies in the equatorial central-
east Pacific, as indicated by the Niño 3.4 index, were 
−1.72°C when averaged for the season, lower than any 
3-month average since summer 1988-89 (Fig. 2). Sim-
ilarly, the historical rankings of the bimonthly Multi-
variate ENSO Index (MEI; Wolter and Timlin 1993, 
1998) ranked January-February 2008 as the fourth 
strongest La Niña since 1950 (when MEI records be-
gin) for that bimonthly season (not shown). This rank-
ing was lower than the number 5 ranking achieved 
during the 2000-01 La Niña (in December-January), 
and the lowest since the number 3 ranking achieved 
in October-November 1988. Thus by these measures 
the La Niña of 2007-08 was the strongest since 1988, 
and it represented a significant driver of the climate 

during the summer of 2007-08. Compared to other La 
Niña events, however, its peak strength was around 
February (by most measures), somewhat later in the 
summer than is usual, and its pattern in equatorial Pa-
cific winds was concentrated further to the west than 
usual (discussed further in the "Lower and upper-level 
winds" subsection below).

Tropical convection 
Large-scale tropical moist convection provides an im-
portant forcing of the global atmospheric circulation. 
Indeed, the main mechanism by which ENSO affects 
the global climate is through its influence on the loca-
tions of strongest tropical convection (e.g. Hoerling et 

Fig. 1 Troup Southern Oscillation Index (SOI) for 
January 2004 to February 2008 inclusive. The 
Troup SOI is defined as ten times the stan-
dardised monthly anomaly of the difference in 
mean sea-level pressure (MSLP) between Tahiti 
and Darwin. The calculation is based on means 
and standard deviations for the 1933-92 base 
period.
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Fig. 2 Niño 3.4 region sea-surface temperature (SST) 
anomalies for January 1989 to February 2008, 
calculated as the area-averaged SST for the 
region 5°N-5°S, 170°W-120°W. Anomalies are 
departures from the 1971-2000 base period 
monthly means and data source is the NOAA 
OI analysis of Reynolds et al. (2002). Figure 
adapted from the NCEP/NWS/NCEP Climate 
Prediction Center (CPC) Climate Diagnostics 
Bulletin, February 2008 edition.
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al. 1997). A convenient indicator of tropical convec-
tion is satellite-observed outgoing long-wave radiation 
(OLR), which effectively measures the temperature of 
the cold cloud tops in the presence of convection, or 
the warm surface when clouds and convection are ab-
sent. A map of OLR anomalies averaged for summer 
2007-08 is presented in Fig. 3. Over the tropical Pa-
cific and Maritime Continent, the pattern displayed is 
very typical of previous La Niña events (e.g. compare 
with Fig. 5 of Hoerling et al. (1997)). Suppressed con-
vection and rainfall, as is indicated by positive OLR 
anomalies, occurs along the equator in the central to 
western Pacific and is strongest just to the west of the 
date-line. Enhanced convection and rainfall are indi-
cated over the Maritime Continent and the southwest 
Pacific, including over eastern Australia, signals that 
are also typical of La Niña (negative anomalies in Fig. 
3). Also indicated in Fig. 3 is enhanced convection in 
the eastern tropical Indian Ocean and to the northwest 
of Australia, consistent with the decline of the positive 
phase of the Indian Ocean Dipole (see below). These 
regions of enhanced (suppressed) tropical convection 
mostly mirror the regions of positive (negative) SST 
anomalies (next section).
 The temporal evolution of these tropical OLR 
anomalies along the equator is indicated in Fig. 4, 
which includes the two-year period leading up to the 
season of interest. In these seven-day running mean 
data, a strong presence of intraseasonal variability is 
apparent. For example, at the date-line the strong posi-
tive OLR anomalies existing in December 2007 and 

Fig. 3 Anomalies of outgoing longwave radiation (OLR) for summer 2007-08 relative to the 1979-2001 base period 
climatology. Data supplied from the NOAA polar-orbiting satellites.

Fig. 4 Time-longitude section of seven-day running 
mean OLR anomalies, averaged for 10°S-10°N, 
for the period 1 January 2006 to 29 February 
2008. OLR data as per Fig. 3, with anomalies 
computed with respect to a smoothed climatol-
ogy (mean plus first three harmonics of the an-
nual cycle) for 1979-2001.
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February 2008 (indicative of La Niña) were separated 
by a short period of negative OLR anomalies in Janu-
ary, with the signal over the Maritime Continent near 
120°E being the reverse. This is an indication of the 
presence of strong Madden-Julian Oscillation (MJO) 
activity (discussed further in the Madden-Julian Oscil-
lation subsection below). 
 The lower-frequency variations associated with 
ENSO are also readily apparent in Fig. 4. In particu-
lar, the transition from predominantly negative OLR 
anomalies near the date-line in the summer of 2006-
07 to positive anomalies in summer 2007-08 can be 
seen, albeit punctuated by intraseasonal variability. 
This transition progressed steadily through 2007, but 
it is not until the end of the year that the presence of La 
Niña becomes unmistakable. The typical non-linearity 
in the patterns of anomalous convection between El 
Niño and La Niña in the Pacific is also apparent (Ho-
erling et al. 1997). While during El Niño the strongest 
negative OLR anomalies are located near or just to the 
east of the date-line (e.g. January 2007), during La 
Niña the strongest positive anomalies are located to 
the west of the date-line (e.g. February 2008). 

Equatorial Pacific subsurface ocean
The subsurface ocean component of ENSO can be 
well described by the position of the thermocline in 
the equatorial Pacific. The thermocline is the position 
of 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 thermocline in the west, and shallower in the 
east. This is well illustrated for the La Niña of 2007-
08 in Fig. 5, which shows the depth anomaly of the 
20°C isotherm (used as a proxy for the thermocline) 
in a time-longitude plot across the Pacific. Consistent 
with the other indicators of ENSO mentioned above, 
the summer of 2007-08 had a strong west-to-east ther-
mocline anomaly gradient (i.e. deeper in the west and 
shallower in the east), and this west-to-east gradient 
was stronger than at any other time during the period 
shown (i.e. since at least 2001). Interestingly, this 
subsurface indicator of La Niña was present earlier 
in 2007 than the main atmospheric indicators (e.g. the 
SOI), thus the development of a La Niña in 2007 was 
well forewarned despite its relatively late develop-
ment in the atmosphere (see also Bettio 2008). 
 Another important component of climate variabili-
ty indicated in Fig. 5 is the occurrence of intraseasonal 
oceanic Kelvin waves propagating to the east along 
the thermocline. Downwelling Kelvin waves, indicat-
ed by positive 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 of El Niño events (e.g. 
McPhaden et al. 2006). A good example is evident in 
Fig. 5 in January 2002 reaching all the way to the east-
ern boundary. However, in the summer of 2007-08, the 
only downwelling Kelvin waves were relatively weak, 
and did not reach the eastern Pacific. This was despite 
the presence of strong intraseasonal MJO activity in 
the atmosphere.

Indian Ocean Dipole
Like ENSO, the Indian Ocean Dipole (IOD) is another 
sometimes important driver of global climate variabil-
ity, including in the Australian region. It is character-
ised by a dipole SST anomaly pattern in the tropical 
Indian Ocean that may persist through air-sea interac-
tion for many months (e.g. Webster et al. 1999). Using 
the Dipole Mode Index of Saji et al. (1999), which 
measures the difference in SST anomaly between the 
tropical western Indian Ocean and the tropical south-
eastern Indian Ocean, most of 2007 was character-
ised by a positive IOD with anomalously cool SSTs 
to the northwest of Australia (not shown). These cool 
SSTs were implicated in the dry conditions existing 

Fig. 5 Time-longitude section of the monthly anoma-
lous depth of the 20°C isotherm (m) at the 
equator in the Pacific Ocean for January 2001 
to February 2008. Data source is the CAWCR 
ocean analysis and anomalies are computed 
relative to a 1979-89 base period climatology.
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over much of southern Australia in the winter (Bettio 
2008) and spring (Hope and Watkins 2008), despite 
the developing La Niña. By the summer of 2007-08, 
however, the IOD index weakened and became slight-
ly negative, a situation that is more common during a 
La Niña (Allan et al. 2001). Thus, with a near-neutral 
value, the IOD is not considered to have been a signifi-
cant player in driving southern hemisphere climate in 
the summer of 2007-08.

Global ocean surface
Sea-surface temperatures
The global pattern of SST anomalies for summer 2007-
08 is presented in Fig. 6. As expected from our discus-
sion above, in the tropics this pattern is dominated by 
the occurrence of a mature La Niña event with nega-
tive SST anomalies existing on the equator across most 
of the Pacific surrounded by a boomerang of positive 
anomalies extending to the northeast and southeast 
from the far western Pacific. Compared to the previous 
season (spring 2007) the equatorial negative anomalies 
in the Pacific are concentrated further to the west. This 
westward propagation of negative anomalies is similar 
to what occurred during the development of the 1995-
96 La Niña, but is not a feature of all previous events. 
 Elsewhere in the tropics, the summer 2007-08 had 
positive anomalies through the Maritime Continent 
and eastern Indian Ocean (also typical for a mature La 
Niña) and positive anomalies in the eastern tropical 
Atlantic. As described above, these anomalies in the 
Indian Ocean represented an approximate reverse in 
the conditions used to characterise the IOD from those 
existing in the previous two seasons.

 In the southern hemisphere extratropics, summer 
2007-08 had anomalously warm SSTs in the Tasman 
Sea and southeast Pacific, the anomalies peaking at 
greater than 1.5°C. Further south from about 55°S the 
predominantly wavenumber-3 pattern that existed in 
the previous winter and spring continued to persist. 
This pattern, with cold poles around 50°E, 170°W, 
and 50°W, appears to have developed in response to 
the similar wavenumber-3 structure that existed in the 
high-latitude atmospheric circulation in earlier months 
(Bettio 2008; Hope and Watkins 2008), as may be 
expected from the advection of warmer air from the 
north in northerlies and cooler air from the south in 
southerlies. The match, however, is far from perfect. 
 In the northern extratropics, of note are the posi-
tive SST anomalies in the North Atlantic with a large 
region greater than +1°C. These positive anomalies 
have persisted since 2001, and are a sign of the warm 
phase of the Atlantic Multidecadal Oscillation (AMO; 
Knight et al. 2006). Although links of the AMO with 
climate variations in the Americas and Europe have 
been demonstrated, no such link has been suggested 
with climate in the Australian region or elsewhere in 
the southern hemisphere.

Sea-ice
Although there is no clear direct link with climate 
anomalies acting over Australia, we mention sea-ice 
here because of its very anomalous state during the 
summer of 2007-08. In the northern hemisphere, sea- 
ice in 2007 during the boreal summer was at a record 
minimum (Richter-Menge et al. 2008). In contrast, 
the southern hemisphere summer of 2007-08 saw the 
largest positive sea-ice extent anomaly around Ant-
arctica since records began in 1979. The total sea-ice 

Fig. 6 Anomalies of SST for summer 2007-08. Contour interval is 0.5°C. Base period for the computation of anomalies 
is 1961-90. Data source is the NOAA OI analysis of Reynolds et al. (2002).
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extent anomaly for December 2007 was about 1.5 
million km2 (representing a 15 per cent increase over 
the 1979-2006 climatology), and for January was 1.7 
million km2 (representing a 33 per cent increase over 
the climatology). These areas were computed using a 
sea-ice concentration of 15 per cent to define the sea-
ice boundary, as illustrated in Fig. 7 for the month of 
January 2008. Figure 7 shows that the regions that 
contributed most to this positive extent anomaly were 
in the Ross Sea (at 180°E) and in the Weddell Sea (at 
30°E). In comparison, the previous record monthly 
mean extent anomaly of 1.2 million km2 (since re-
cords began in 1979) was in December 1985. While 
the northern hemisphere reduction in sea-ice has been 
attributed primarily to anthropogenic global warming 
(Stroeve et al. 2008), the greater than normal extent in 
the southern hemisphere during the summer of 2007-
08 appears to have been caused by atmospheric circu-
lation anomalies and is still undergoing investigation 
(P. Reid, personal communication).

Atmospheric circulation and 
variability
Surface pressure patterns
The mean sea-level pressure (MSLP) pattern analysed 
over the southern hemisphere for summer 2007-08 is 
presented in Fig. 8, and the corresponding anomaly pat-
tern in Fig. 9. The most remarkable feature of the high 
latitude MSLP in these figures is the zonally-symmetric 
(or annular) nature of the anomalies. Low MSLP anom-
alies exist at the pole to about 55°S, and anomalously 
high MSLP exists in an almost continuous band be-
tween about 30°S and 55°S, except near 120°W. This 
anomaly pattern corresponds very well to the loading 
pattern of the Southern Annular Mode (SAM) which is 
the leading eigenmode of southern hemisphere tropo-
spheric wind, geopotential height, and MSLP variabil-
ity. The strength and significance of this high-latitude 
anomaly pattern, and the corresponding positive phase 
of the SAM, will be discussed further below.
 Equatorward of 30°S, the largest MSLP anomalies 
(away from high topography where the calculation of 
MSLP is problematic) are a low of −2.3 hPa in the 
Coral Sea and a high of 2.86 hPa in the south-central 
Pacific. These pressure anomalies are a reflection of 
the La Niña that was occurring in the Pacific and the 
see-saw in pressures that defines the atmospheric 
component of ENSO (i.e. the Southern Oscillation). 
However, that the western pressure pole was centred 
in the Coral Sea and not closer to Darwin was some-
what unusual. 

Mid-tropospheric analyses
The mean and anomalous 500 hPa geopotential heights 
over the southern hemisphere for summer 2007-08 
are displayed in Figs 10 and 11 respectively. As for 
the MSLP, the standout feature of the 500 hPa height 
fields is the zonally symmetric anomalies over and 
around Antarctica. Low height anomalies exist over 
Antarctica and high height anomalies exist in an an-
nular ring between about 35°S and 55°S. This match 
between the surface and mid-troposphere reflects the 
equivalent barotropic structure of large-scale circula-
tion variability in regions away from the tropics, and 
the equivalent barotropic structure of the SAM in par-
ticular.  In comparison, the maximum anomalies in the 
tropical Indo-Pacific sector are reversed at the 500 hPa 
level compared to those seen at the surface, reflecting 
the more baroclinic nature of circulation variability 
there, and of the Southern Oscillation in particular. The 
anomalously high 500 hPa heights over the Coral Sea 
and northern Australia reflect that this was a region of 
increased large-scale upward motion and convection 
during the summer of 2007-08 whereas the opposite 
occurred over the central to east equatorial Pacific.

Fig 7 Map of the January 2008 sea ice concentration 
(blue shading and black contour for 15 per cent 
concentration) superimposed with the climato-
logical (1979-2000) sea-ice extent for January 
(red contour for median 15 per cent concentra-
tion). Data are from the NASA Goddard Space 
Flight Center (GSFC) sea-ice concentration 
images provided by the US National Snow and 
Ice Data Center generated using the Nimbus-7 
SMMR and DMSP SSM/I Passive Microwave 
radiances at a resolution of 25 × 25 km (Cava-
lieri et al. 2006).
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Fig. 8 Mean sea-level pressure (MSLP) for summer 
2007-08. Contour interval is 5 hPa, and shading 
for pressure less than 990 hPa. Data source is 
the Australian Bureau of Meteorology’s Global 
Assimilation and Prediction (GASP) system.

Fig. 9 Summer 2007-08 GASP analysis MSLP anoma-
lies computed with respect to the 1979-2000 
climatology from the National Centers for En-
vironmental Prediction (NCEP) II Reanalysis 
data (Kanamitsu et al. 2002). Contour interval 
is 2.5 hPa. As it is difficult to accurately calcu-
late MSLP over regions of high topography, 
these regions are masked out with shading.

Fig. 10 500-hPa geopotential heights for summer 2007-
08 from the GASP analysis. Contour interval is 
100 m.

Fig. 11 Summer 2007-08 GASP analysis 500-hPa geo-
potential anomalies computed with respect to 
the 1979-2000 climatology from the National 
Centers for Environmental Prediction (NCEP) 
II Reanalysis data (Kanamitsu et al. 2002). 
Contour interval is 30 m.
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 Besides the zonally symmetric ring of high heights 
around the pole, there is also some component of a 
zonal wavenumber-4 signature in the 500 hPa height 
anomalies. This is illustrated by the four maxima lo-
cated at 10°E, 90°E, the date-line, and 80°W in Fig. 
11. This was a change from the wavenumber-3 anom-
aly patterns present in the two previous seasons (Bet-
tio 2008; Hope and Watkins 2008). A wavenumber-4 
anomaly pattern was also present in the previous sum-
mer of 2006-07, but it was rotated to the west by about 
30° of longitude (Fawcett 2007).

Lower and upper-level winds
Global analyses of summer 2007-08 low-level (850 
hPa) and upper-level (200 hPa) wind anomalies are 
shown in Figs 12 and 13 respectively. At the 850 hPa 
level, anomalous subtropical anticyclones can be dis-
cerned in the north and South Pacific with anomalous 
trade-wind easterlies extending from the central to 
western Pacific. These anomalies are consistent with 
the existence of a La Niña and are quite similar to 
those of previous La Niña events (e.g. Della-Marta 
2001). In contrast, the existence of anomalous west-
erlies in the equatorial eastern Pacific extending from 
South America to 140°W is unusual for a La Niña, but 
partly reflects the westward propagation of the event in 
the SSTs as already mentioned. By comparison, the La 
Niña summer of 1999-2000 showed only weak west-
erly anomalies within about 15° of the South American 
coast (Della-Marta 2001). Elsewhere in summer 2007-
08, there were strong westerly anomalies stretching 

across the whole equatorial Indian Ocean and through 
the Maritime Continent into northern Australia and the 
Coral Sea. Northerly anomalies existed over central 
and western Australia, and westerly anomalies existed 
for almost all longitudes around Antarctica at about 
60°S, the latter being consistent with the aforemen-
tioned positive phase of the SAM and a strengthening 
of the circumpolar westerlies.
 Elsewhere at the 850 hPa level in the southern hemi-
sphere there were easterly anomalies near the southern 
coast of Australia and extending to the east and west 
over the Tasman Sea and South Indian Ocean respec-
tively. The western portion of these easterly anomalies 
was supported by a noticeable cyclonic circulation 
anomaly to the west of Australia, a feature that was 
also consistent with the wet (in most of Australia) La 
Niña summer of 1999-2000 (Della-Marta 2001). Over 
South America, a noticeable south-easterly anomaly 
existed around Argentina and Uruguay.
 At the 200 hPa level (Fig. 13) many of the observed 
southern hemisphere wind anomalies for summer 2007-
08 could also be attributed to the occurrence of La Niña 
and a positive SAM. This is highlighted by looking at 
the spatial distribution of the strongest wind anomalies 
(shaded) in the southern hemisphere. In the tropics, 
the South Pacific was dominated by an upper-level cy-
clone with westerly anomalies on the equator and east-
erly anomalies around 25°S. In the high latitudes around 
Antarctica, however, the upper-level flow was enhanced 
westerly in most locations. No strong (greater than 5 m 
s−1) upper-level anomalies existed over Australia.

Fig. 12 Summer 2007-08 GASP analysis 850 hPa vector wind anomalies computed with respect to the 1979-2000 clima-
tology from the National Centers for Environmental Prediction (NCEP) II Reanalysis data (Kanamitsu et al. 
2002). Contours and stippling are for wind strength anomalies greater than 5 m s−1. 
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Blocking
Atmospheric blocking is characterised by a splitting 
of the midlatitude westerly airstream to the north and 
south into two branches. The degree of this splitting of 
the westerlies can be estimated with the blocking in-
dex (BI), defined as BI = 0.5[U25 + U30  – (U40 + 2U45 
+ U50) + U55 + U60] where Uy is the zonal component 
of the 500 hPa-level wind at latitude y. Positive values 
of this index thus represent times when the westerlies 
are weaker around 40°S to 50°S relative to subtropical 
(25°S to 30°S) and higher (55°S to 60°S) latitudes. As 
such, blocking is an important distortion of the normal 
mid-latitude westerly flow that may persist for a pe-
riod of a week or more, with implications for rainfall. 
But the influence of blocking episodes on rainfall is 
complicated by their dual influence on suppressing the 
normal west-to-east movement of mid-latitude fron-
tal systems, and their favouring of cut-off lows on the 
equatorward side of the ‘block’ (Risbey et al. 2009). 
For summer, however, the influence of blocking on 
Australian rainfall appears less than at other times of 
the year (Risbey et al. 2009).
 For the summer of 2007-08, a time-longitude se-
quence of the daily BI values is provided in Fig. 14. 
Concentrating only on positive values of the BI with 
a magnitude of around 30 m s−1 or greater lasting 
for more than a few days, blocking episodes can be 
seen to have occurred mostly in December and Febru-
ary only. In particular, December saw three blocking 
episodes near the date-line: one around Day 7 to the 
west of the date-line; another around Day 12 to the 
east of the date-line; and another on the date-line at 

about Day 21. For February, there was almost continu-
ous blocking near the date-line and another episode 
centred around 120°E in the middle of the month. This 
high incidence of blocking near and to the west of the 
date-line is consistent with the widening of the 500 
hPa geopotential height contours seen near New Zea-
land in Fig. 10. Although this is a region of a clima-
tologically high incidence of blocking (e.g. see Fig.12 
in Fawcett 2007), the dominance of positive BI values 
in this region still represents greater blocking than is 
normal for summer. Large positive BI anomalies for 
the season also occurred near 120°E and 60°W. 

Southern Annular Mode
The strong similarity between the summer 2007-08 
extratropical atmospheric circulation and the posi-
tive phase of the SAM has already been mentioned. 
The SAM is characterised by an approximately zon-
ally symmetric, equivalent barotropic seesaw in the 
strength of the zonal flow between around 55°S to 
60°S and around 35°S to 40°S, with corresponding 
anomalies in the geopotential height field for geo-
strophic balance. Aspects of this structure have been 
mentioned in relation to the patterns observed in Figs 
9, 11, 12 and 13. Using an index of the SAM based on 
the 700 hPa height anomalies poleward of 20°S (CPC 
2008), standardised monthly values for the SAM were 
1.93, 1.21 and 1.15 for the three months of the sum-
mer 2007-08 season. These positive values were in 
marked contrast to the negative values occurring in 
winter 2007 (Bettio 2008), and the value in December 
was the highest monthly value since July 1993. Partly 

Fig. 13 As in Fig. 12 except for the 200-hPa level.
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this positive SAM phase can be related to the occur-
rence of La Niña in summer (L’Heureux and Thomp-
son 2006), but such a large SAM anomaly likely still 
represented a source of independent influence on re-
gional climate.
 What are the expected impacts on Australian re-
gional climate? From Hendon et al. (2007), the ex-
pected impact of a large positive phase of the SAM 
in summer is an increase in rainfall over the southeast 
and centre of the mainland, and a dipole rainfall pat-
tern over Tasmania with an increase in the east but 
decrease in the west. For temperatures, the expected 
impact is cooler than normal conditions for much of 
the continent. While it is impossible to completely as-
sociate the climate experienced in a particular season 
with each of the various climate drivers, aspects of this 
impact for SAM did appear in the rainfall for the sum-
mer 2007-08 season, as discussed further below.

Madden-Julian Oscillation
The MJO is the strongest known driver of intrasea-
sonal variability in the global climate system. That the 
summer of 2007-08 was a time of strong MJO activity 
has already been mentioned in relation to the appear-
ance of eastward-propagating bands of tropical con-
vection in Fig. 4. In the first week of December the 
first band of MJO-related convection was located at 
about 60°E over the equatorial Indian Ocean. It sub-
sequently shifted to the east to reach the longitudes of 

northern Australia by late December and the western 
Pacific in January. The next band of enhanced con-
vection began over the Indian Ocean in late January 
and also subsequently shifted to the east, but its sig-
nal in convection did not reach as far into the Pacific. 
A similar picture emerges through the examination 
of the Real-time Multivariate MJO (RMM) index of 
Wheeler and Hendon (2004), which uses 850 hPa and 
200 hPa zonal winds in addition to OLR to measure 
the state of the MJO each day (Fig. 15). On 1 Decem-
ber the RMM phase space trajectory shows the MJO 
to be in Phase 8, with much greater amplitude than 
the long-term standard deviation in both RMM1 and 
RMM2 (which are each individually standardised). 
The subsequent anticlockwise trajectory in this phase 
space shows the mostly coherent eastward propaga-
tion of the MJO that occurred during the season. Only 
in mid-December, mid-January, and late February was 
there some ‘stalling’ of this propagation, and only in 
late February did the RMM trajectory enter the unit 
circle representing weak MJO activity. Thus the sum-

Fig. 14 Summer 2007-08 daily blocking index (m s−1) 
time-longitude section. The horizontal axis 
shows the degrees of longitude east of the 
Greenwich meridian and the vertical axis is the 
time in days from 1 December 2007.

Fig. 15 Phase-space representation of the standard-
ized 2-component MJO index of Wheeler and 
Hendon (2004), for the period 1 December 2007 
to 29 February 2008. Each dot represents the 
value of the index on a particular day, with the 
starting and ending days labelled. Also shown 
are the eight defined phases of the MJO and the 
region used to signify weak MJO activity in the 
unit circle. Also labelled (with words) are the 
approximate locations of the near-equatorial 
enhanced convective signal of the MJO for each 
quadrant of the phase space, e.g. the ‘Indian 
Ocean’ for phases 2 and 3.
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mer of 2007-08 showed relatively strong and coher-
ent MJO activity. Using the 91-day running mean of 
RMM12 + RMM22 as an indicator, it was the strongest 
seasonal MJO activity since autumn 2005.
 Impacts on regional climates from this strong MJO 
activity were quite noticeable. For example, the onset 
of the monsoon at Darwin in late December (Shaik 
and Cleland 2008) occurred as the MJO’s convection 
propagated into the region from the Indian Ocean, 
consistent with the historical results of Wheeler and 
McBride (2005). Bursts of large-scale active convec-
tion and rainfall in the monsoon across northern Aus-
tralia were also timed in sync with the MJO. For ex-
ample, wet bursts occurred in late December to early 
January and mid-February, consistent with the com-
posite results of Wheeler et al. (2009) and the analysis 
of Phase 5 and 6 of the MJO during those times (Fig. 
15). The occurrence of tropical cyclones (TCs) also 
well matched the phasing of the MJO (e.g. Bessafi 
and Wheeler 2006), especially in the Indian Ocean 
(discussed further in the Tropical cyclones subsection 
below). However, the influence of the MJO did not 
extend into the Pacific, which was especially the case 
for the February event. This is a known consequence 
of La Niña (e.g. Hendon et al. 1999) and the reason for 
the lack of strong downwelling oceanic Kelvin waves 
in the Pacific, as discussed earlier.

Australian region
Rainfall
Australian gridded rainfall totals for summer 2007-08 
are shown in Fig. 16 and the corresponding rainfall 
deciles in Fig. 17. As is expected for the summer mon-
soon season, the highest totals were in the far north of 
the country, with almost all locations (in the gridded 
analysis) north of 16°S receiving more than 800 mm 
for the season (Fig. 16). This represented very much 
above average rainfall (decile 10) for many parts of this 
northern region (Fig. 17). Eastern Australia was also 
very well watered for the season, with almost all loca-
tions east of 145°E receiving more than 100 mm (Fig. 
16), corresponding to decile 8 and above (Fig. 17). In 
Western Australia, the 100 mm contour covered most 
of the northern two-thirds of the State, and about half 
the State was in decile 8 or above (Fig. 17). In marked 
contrast, an area in the southeast of the Northern Ter-
ritory received less than 10 mm for the season (Fig. 
16) corresponding to the lowest decile. Thus the usual 
rainfall gradient between the north and centre of the 
continent was exaggerated in summer 2007-08. On the 
whole, however, the season will be most remembered 
for the mostly wetter than normal conditions in the east 
and north of the country, which brought an end to the 
sequence of six below-average rainfall years (from 

2001 to mid-2007) in Queensland and New South 
Wales and some welcome relief from dry conditions 
left over from previous seasons and years.
 These wet conditions in the north and east of the 
Australian continent can be well explained by the de-
velopment of the moderately strong La Niña in the 
Pacific. Although historical correlations with the SOI 
show that the (linear) impact of ENSO on Australian 
rainfall is much reduced in summer compared with 
spring (e.g. McBride and Nicholls 1983), separate 
composites of previous strong El Niño and La Niña 
events* show that the impact of La Niña events has 
historically extended further into the summer season 
that that of El Niño, with that impact being increased 
rainfall in eastern and northern Australia. Further, that 

* Available from http://www.bom.gov.au/climate/enso/ensorain.
comp.shtml.

Fig. 16 Gridded-analysis rainfall totals over Australia 
for summer 2007-08.

Fig. 17 Summer 2007-08 rainfall deciles for Australia. 
Deciles are calculated with respect to gridded 
rainfall data for all summers from 1900-01 to 
2007-08. 
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the positive IOD of winter and spring disappeared in 
the summer, with consequently warm SSTs develop-
ing to the northwest of Australia (Fig. 6), meant that 
the La Niña could act relatively undisturbed by a com-
peting influence in the Indian Ocean. The relatively 
late development of the La Niña in 2007 was perhaps 
also a factor in the relatively late appearance of this 
La Niña-like rainfall pattern in 2007, and the change 
in sign of the SAM from weakly negative in spring to 
positive in summer may have also helped to produce 
increased rainfall in southeastern Australia in summer 
(except in western Tasmania as discussed below). 
 For the three individual months making up the sea-
son, December and February contributed most to the 
wetter-than-normal conditions across the north and 
east of Australia, except in central-southern Queen-
sland, which experienced wet conditions in all three 
months (not shown). In northern Australia, this tim-
ing can be partly explained by the timing of the MJO 
as described in the previous section. In south-central 
Queensland, on the other hand, much of the Janu-
ary rainfall came from the lingering effects of ex-TC 
Helen (discussed further in the Tropical cyclones sub-
section below). 
 For areas experiencing below-average rainfall for 
the season, central Australia was worst hit, but western 
Tasmania also had a region of decile 2-3 rainfall (Fig. 
17). This rainfall signal in Tasmania is consistent with 

the positive phase of the SAM and the resulting east-
erly wind anomalies around it and southern Australia 
(Fig. 12). Easterly anomalies signify a weakening of 
the normally strong westerly winds existing at those 
latitudes, and a consequent reduction in orographic 
uplift along the west coast of Tasmania (e.g. Hendon 
et al. 2007). However, the dry conditions in central 
Australia are unlike the composite rainfall pattern for 
the positive phase of the SAM (Hendon et al. 2007) 
and also unlike that expected for a La Niña (e.g. Ris-
bey et al. 2009).
 On a national and State-by-State basis, Table 1 
summarises the seasonal rainfall extremes, averages 
and ranks. That the New South Wales area-averaged 
rainfall was ranked at 100 out of 108 (its highest sum-
mer rainfall since 1983), and Queensland was ranked 
at 101 (highest since 1990), are probably the most im-
portant rankings for the season.
 
Temperatures
Mean maximum and minimum temperature anoma-
lies from a gridded analysis for summer 2007-08 are 
shown in Figs 18 and 19 respectively. Maximum tem-
peratures were below the 1961-1990 climatology for 
much of eastern Australia east of a line from about 
Sale (Victoria) to Burketown (Queensland), especially 
in south-central Queensland and north-central NSW 
where they averaged more than 3°C below.  These 

Table 1. Summary of seasonal rainfall extremes, averages, and ranks, on a national and State basis.

  Highest seasonal Lowest seasonal Highest 24-hour Arewa-averaged Rank
  Total (mm) Total (mm) Fall (mm) * rainfall (AAR) of
     (mm) AAR#

Australia 2576 at Bellenden Ker Top Station 2 at Gammon Ranges 625 at East Mackay (QLD),  260.4 94
  (QLD) (SA) 15 February
WA 1314 at Kuri Bay 16 at North Island 323 at Faraway Bay,  190.1 88
    4 January
NT  1752 at Wudikapildiyerr 3 at Walungurru 346 at Dum In Mirrie AWS,  335.0 64
    20 February
SA  107 at Kondoolka 2 at Gammon Ranges 58 at Waddikee,  43.0 48
    22 December
QLD 2576 at Bellenden Ker Top Station 14 at Glenormiston 625 at East Mackay,  456.7 101
    15 February 
NSW 1540 at Commissioners Creek 8 at Umberumberka 347 at Limpinwood  242.3 100
   Reservoir (Bald Mountain), 5 January 
VIC 512 at Mount Baw Baw 27 at Pirlta 125 at Stump Hill (Barjarg),  133.5 71
    22 December
TAS 609 at Mount Read 73 at Lake Flannigan 144 at Chain of Lagoons,  202.1 46
    5 February 

* This is the rainfall for the 24-hour period leading up to the local time of 9 am.
# The rainfall ranks go from 1 (lowest) to 108 (highest) and are calculated using the summers 1900-01 to 2007-08 inclusive.
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anomalies reflect the enhanced cloudiness (Fig. 3) and 
rainfall (Fig. 17) that occurred in the region, and are 
a consistent signal of La Niña in summer (Jones and 
Trewin 2000). Similarly, there were warmer than nor-
mal maximum temperatures in the region of reduced 
rainfall in the southern half of the Northern Territory. 
Elsewhere the seasonal maximum temperature anom-
alies were weaker and patchier. Seasonal minimum 
temperature anomalies were also generally weaker, 
consistent with their weaker historical correlation 
with the SOI (Jones and Trewin 2000). When aver-
aged Australia-wide and across the diurnal cycle, the 
mean temperature anomaly for summer 2007-08 was 
+0.16°C, continuing the trend of warmer than average 
temperatures in recent years. The greatest contribu-
tion to this warm anomaly was warmer than normal 
nights, with an Australia-wide minimum temperature 
anomaly of +0.45°C (see also Tables 2 and 3).
 Table 2 summarises the summer 2007-08 sea-
sonal maximum temperature extremes, averages, and 
ranks, on a national and State-by-State basis. Table 
3 shows the corresponding summary for minimum 
temperatures.

Tropical cyclones
Four TCs occurred in the Australian region (105°E-
165°E) during summer 2007-08 (see also Shaik and 
Cleland 2008): Melanie (28 Dec - 1 Jan), Helen (4 - 5 
Jan), Funa (16 - 20 Jan), and Nicholas (13 - 20 Jan). 
Melanie and Helen were embedded within the late De-
cember/early January MJO-related burst in the Austra-
lian monsoon, forming to the northwest of Australia, 
while Funa formed far to the east near 165°E as part of 

the eastward extension of the convective signal of the 
MJO into the Pacific (Fig. 4). Nicholas, on the other 
hand, formed to the northwest of Australia within the 
enhanced convective envelope of the second MJO 
event of the season (see also sub-section on the Mad-
den-Julian Oscillation). The summer of 2007-08 thus 
showed particularly strong modulation of TC activity 
by the MJO, allowing for successful intraseasonal TC 
prediction (Leroy and Wheeler 2008). Of the four TCs 
that occurred, only Helen and Nicholas made landfall 
on the Australian coast: Helen crossed the coast as a 
Category 2 system near Channel Point in the North-
ern Territory and Nicholas as Category 1 near Coral 
Bay in Western Australia. Of these two systems, Helen 
caused the most havoc, being the source of flooding 
rains in the Northern Territory and also in Queensland 
after it was relegated to ex-tropical status. Its west-to-
east track across the Top End was particularly unusual, 
having only been seen on one other occasion since 
1964. On the whole, four TCs for the summer season 
is fewer than normal (by most estimates of the clima-
tology), which is unusual for a La Niña, especially the 
lack of TCs off the Queensland coast (cf. Kuleshov 
and de Hoedt 2003).
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Fig. 18 Summer 2007-08 maximum temperature anom-
alies for Australia based on a 1961-90 mean and 
a gridded analysis.

Fig. 19 As in Fig. 18, except for minimum tempera-
ture.
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Table 2.  Summary of the seasonal maximum temperature extremes, averages, and ranks, on a national and State basis.

 Highest Lowest Highest Lowest Anomaly of Rank
 seasonal seasonal daily daily area-averaged of
 mean (°C) mean (°C) recording (°C) recording (°C) mean (AAM) AAM* 
     (°C)

Australia 41.2 at Marble Bar 13.2 at Mount 49.2 at Onslow (WA), 2.3 at Mount Wellington −0.14 21
  (WA) Wellington (TAS) 11 January  (TAS), 28 February 
WA 41.2 at Marble Bar 21.6 at Albany 49.2 at Onslow, 13.8 at Salmon Gums −0.30 21
    11 January Research Station, 
     14 December
NT  39.4 at Walungurru 31.4 at McCluer Island 46.5 at Elliott,  20.7 at Yulara Aerodrome,  +0.97 51
    2 December 11 December
SA  37.5 at Marree 21.1 at Mount Lofty 45.4 at Port Augusta 10.6 at Mount Lofty,  +0.40 36
  Comparison  Aerodrome, 10 January 22 December
QLD 40.2 at Urandangi 24.1 at Applethorpe 45.0 at Camooweal 18.8 at Toowoomba −0.85 1
    Township, 2 December Airport, 26 December
NSW 35.6 at Tibooburra 15.2 at Thredbo Aws 44.5 at Pooncarie Mail 4.7 at Thredbo AWS,  −0.90 13
  Post Office  Agency, 10 January 29 February
VIC 31.8 at Mildura 14.6 at Mount Hotham 44.6 at Hopetoun Airport,  3.4 at Mount Hotham,  +0.59 41
   Airport  31 December 29 February, and at
     Mount Baw Baw, 
     28 February
TAS 24.9 at Ouse Fire 13.2 at Mount 38.0 at Ouse Fire Station,  2.3 at Mount Wellington, +1.03 50
  Station Wellington 31 December 28 February
   

* The temperature ranks go from 1 (lowest) to 58 (highest) and are calculated using the summers 1950-51 to 2007-08 inclusive and a high-quality 
subset of the network used to generate Fig. 18.

Table 3.  Summary of the seasonal minimum temperature extremes, averages, and ranks, on a national and State basis.

 Highest Lowest Highest Lowest Anomaly of Rank
 seasonal seasonal daily daily area-averaged of
 mean (°C) mean (°C) recording (°C) recording (°C) mean (AAM) AAM* 
     (°C)

Australia 27.2 at Bedout Island 4.2 at Mount 34.2 at Marble Bar (WA), −5.2 at Thredbo AWS +0.45 46
  (WA) Wellington (TAS) 21 January (NSW), 29 February 
WA 27.2 at Bedout Island 12.7 at Shannon 34.2 at Marble Bar,  2.2 at Busselton +0.22 39
    21 January Aerodrome, 6 December 
NT  27.1 at Centre Island 21.9 at Alice Springs 33.5 at Walungurru, 13.2 at Curtin Springs,  +0.95 57
   Airport 10 January 12 December, and at
     Kulgera, 26 February 
SA  23.7 at Moomba 10.5 at Naracoorte 31.0 at Arkaroola, 1.6 at Keith (Munkora),  +0.62 40
  Airport Aerodrome 11 January 29 February 
QLD 26.6 at Sweers Island 14.7 at Applethorpe 32.8 at Birdsville  8.5 at Stanthorpe Leslie +0.30 38
    Airport, 16 January Parade, 10 February, 
     and at Applethorpe, 
     10 February 
NSW 22.5 at Tibooburra 6.1 at Thredbo AWS 30.7 at Tocumwal Airport, −5.2 at Thredbo AWS,  +0.37 37
  Post Office  11 January 29 February
VIC 16.6 at Mildura 7.0 at Mount Hotham 30.6 at Hopetoun Airport, −3.8 at Mount Hotham, +0.84 48
  Airport  11 January 29 February 
TAS 14.7 at Swan Island 4.2 at Mount 20.2 at Hobart Airport,  −2.6 at Lake St Clair +0.73 49
   Wellington 16 January, and at Nation, 1 February
    Flinders Island Airport, 
    27 January   

* The temperature ranks go from 1 (lowest) to 58 (highest) and are calculated using the summers 1950-51 to 2007-08 inclusive and a high-quality 
subset of the network used to generate Fig. 19.
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