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1. INTRODUCTION 
 

The role of the El Niño-Southern Oscillation 
(ENSO) in Southern Hemisphere rainfall variability has 
been well documented in the past, and has attracted 
more attention recently due to the prolonged drought 
conditions experienced across many regions of 
Australia. The relationships between Australian 
seasonal rainfall and ENSO are revisited in light of 
recent studies, which show that the average value of the 
Southern Oscillation Index (SOI) has become more 
negative. The SOI is a common measure of ENSO and 
is the sea level pressure at Tahiti minus the sea level 
pressure at Darwin, Australia, divided by the standard 
deviation of that quantity. Comprehensive analysis of 
the SOI was conducted and indicates that the 
documented changes to the SOI are occurring as a 
result of an increase in Darwin mean sea level pressure 
(MSLP). Investigation into the MSLP data for the pre- 
and post-1977 periods show signs that there are large 
seasonal and regional trends in MSLP across the 
Australian region. The post-1977 trends reveal a strong 
increase in pressure to the south of the Australian 
continent and a decrease to the north, as well as a 
negative trend in high latitudes. These trends in MSLP 
may be associated with the dominance of the high 
(positive) phase of the Southern Annular Mode (SAM). 
The observed variations to the Darwin MSLP can be 
attributed to a larger scale pressure trend, suggesting 
that the SOI is unreliable as an indicator of variations to 
ENSO. As a result, the Niño 3.4 index was utilised to 
examine the variations in ENSO-rainfall relationships. 
The computed correlations for the most recent 30-year 
period indicate that the relationships between rainfall 
and ENSO have weakened and confirm that ENSO may 
no longer be the primary mode of rainfall variability in 
the Australian region. Further research is required to 
determine the mechanisms driving the changes to 
MSLP. 
 
2. RESULTS AND DISCUSSION 
 
2.1 Analysis of the SOI data 

 
Using monthly MSLP at Darwin and Tahiti from 

the Bureau of Meteorology website, the SOI was 
calculated for the period 1876-2007. Figure 1 shows the 
annual mean and the 30-year running mean of the SOI.  
The annual SOI displays the vacillating nature of ENSO 
events with a 3-7 year cycle. The 30-year running mean 
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Figure 1:  Annual values of the SOI (blue) and the 30-year 
running mean SOI (black) for the period 1876-2007.  

 
indicates that the long-term average annual SOI has 
been negative since the late 1970s, a result consistent 
with that of Power and Smith (2007).  

 
In order to further analyse the trend in SOI, the 

long-term seasonal mean SOI was examined (not 
shown here). The trends detected in the annual SOI are 
also present in all four seasons. The consistency of the 
seasonal and annual trends in the SOI verifies that the 
SOI has changed and is becoming more negative.  
 
2.2 Analysis of Darwin and Tahiti pressure 
 

Although the SOI trend is consistent across all 
seasons, it was necessary to examine the Darwin MSLP 
(DP) and Tahiti MSLP (TP) in the hopes of deducing a 
more transparent explanation for the trend in SOI. The 
annual (Figure 2) and seasonal (not shown here) trends, 
for the 1876-2007 period, in both Darwin and Tahiti 
were analysed from monthly mean MSLP data obtained 
from ftp://ftp.bom.gov.au/anon/home/ncc. 

 
The 30-year annual running mean for the Tahiti 

pressure shows very little variation with time, and 
importantly for the most recent period, indicating that 
MSLPs over Tahiti cannot be the cause of the observed 
variation in SOI. However, it is evident that quite a 
significant trend has developed in MSLP over Darwin, 
which is consistent with the observation by Power and 
Smith (2007) that the highest recorded value in MSLP at 
Darwin has only recently occurred.   

 
 

 
 



Figures 1 and 2 show that the 30-year average 
SOI becomes negative in the late 1970s and also that 
the gradient of the 30-year average changes sign in all 
the SOI and DP plots just after 1960. A large body of 
research has suggested that a climatic shift occurred in 
1976/1977 in many parts of the world (e.g.Trenberth 
1990; Graham 1995; Meyers et al 2007; Power and 
Smith 2007). The recent trend in Darwin pressure can 
be established as the primary factor in the variation of 
the SOI. This severely limits the use of the SOI in 
determining the relationships between ENSO and 
Australian rainfall.  

 

 
 
Figure 2:  (Top) Annual values of the Darwin pressure (DP) 
(blue line) and the 30-year running mean DP (black line) for the 
period 1876-2007. (Bottom) The same is shown for the Tahiti 
pressure (TP).  
 
2.3 Analysis of MSLP Trends 

 
Figure 3 shows MSLP trends for the period 

1958-2007 from the NCEP/NCAR Reanalysis dataset. 
Shading indicates statistically significant trends at the 
95% level. There is a significant increase in the MSLP 
over Australia for this period. This positive trend is 
consistent with findings from other studies (e.g. 
Meneghini et al. 2006), which suggest that since 1977 
there has been a change of phase to the SAM, also 
associated with an intensification of the polar lows which 
is apparent from Figure 3, with strong decreases in 
MSLP between 45-60°S. There are some issues with 

the NCEP/NCAR dataset for high latitudes and 
topography (Marshall 2003), but the data for low and 
mid-latitudes should be reliable. This implies that the 
trends observed in the high latitudes may not be as 
strongly negative as what the reanalysis data suggests, 
but the trend should still be of the same sign.  

 
 
Figure 3:  Annual trends in MSLP for the 1958-2007 period are 
plotted. Positive trends are denoted by black contours and 
negative trends by red, with shaded regions indicating regions 
of significant trends. The contour interval for 0.1-0.5 is 0.1 
hPa/decade and 0.5-4 is 0.5 hPa/decade. Locations marked 
with circles: Darwin (yellow), Tahiti (green). 
 

The trends in the Darwin MSLP show an 
overall increase in MSLP over the 1958-2007 period. 
However, as Figure 4 shows, this positive MSLP trend is 
dominated by a large increase in MSLP in 1977. 
Examining the regression lines for Darwin there is 
evidence in both of the shorter periods (1958-1977 and 
1978-2007) that the pressures are decreasing. These 
results suggest that the increase in pressure observed 
for the entire 50-year period is a result of a step-like 
change in the MSLP in the late 1970s.  

 

 
 
Figure 4:  MSLP for Darwin. The NCEP/NCAR annual MSLP 
data at the closest grid box is plotted in blue and for Darwin is 
compared to the station data (magenta).  The red line indicates 
the trend over the 1958-2007 period, whilst the black lines 
show the trends for the two shorter time series (1958-1977 and 
1978-2007).  
  

 
 
 
 
 



Figure 5 shows the annual MSLP trend for the 
period 1978-2007. The observed trends show that 
MSLPs have increased in mid-latitudes and decreased 
between 45°S and 60°S, over this period of time. Th is is 
consistent with the study of Meneghini et al (2006) who 
concluded that the most recent 30-year period has been 
dominated by the positive phase of the SAM. The trends 
observed in the MSLP for the 1978-2007 period, 
suggest that the SAM is the prominent mode 
responsible for the changes to pressures and large-
scale circulations (Pezza et al 2007). 
 

 
 
Figure 5:  Annual trends in MSLP for the 1978-2007 period are 
plotted. Positive trends are denoted by black contours and 
negative trends by red, with shaded regions indicating regions 
of significant trends. The contour interval for 0.1-0.5 is 0.1 
hPa/decade and 0.5-4 is 0.5 hPa/decade. Locations marked 
with circles: Darwin (yellow), Tahiti (green). 
 

Thus because of the statistically significant 
trends in MSLP at Darwin, an index for the Southern 
Oscillation that relies on MSLP may not be a reliable 
measure of ENSO. We have demonstrated that long-
term changes to the SOI may be a reflection of changes 
to MSLP rather than changes to the long-term nature of 
ENSO.  

 
2.4 ENSO-Rainfall Relationships 

 
Due to the unreliability of the SOI as a 

measure of ENSO, Niño 3.4 will be used as a means of 
computing the correlations to rainfall, to identify whether 
the relationships, which were established by McBride 
and Nicholls (1983), have changed.  
 

The dataset for Niño 3.4 was obtained from 
The Royal Netherlands Meteorological Institute (KNMI)1. 
This dataset consists of a Kaplan reconstruction, which 
was utilised to create the dataset from 1856-1949 and 
monthly observations of Reynolds OI SST, which were 
used for 1950-2007. This dataset was employed to 
firstly create a time series of the index, including a 30-
year running mean, and then to generate plots of 
correlations between Niño 3.4 and Australian rainfall.  

 
 
 

                                                 
1 Niño 3.4 dataset retrieved from the KNMI website: 
http://climexp.knmi.nl/selectindex.cgi?someone@some
where 

Figure 6 shows the annual average and 30-
year running mean for Niño 3.4. There is evidence of a 
change to the trend of the index in the late 1970s and a 
change to the gradient around 1960. The 30-year 
running mean shows periods when the index running 
mean (black line) is positive and negative, with an 
extended positive period between 1890 and 1935 and a 
negative period between 1940 and 1975. It appears as 
though another positive period in the 30-year running 
mean occurs during the late 1970s and lasting through 
to the early 1990’s.  

 

 
 
Figure 6:  Annual values of the Niño 3.4 index (blue line) and 
the 30-year running mean Niño 3.4 (black line) for the period 
1876-2007.  
 

The Bureau of Meteorology provides Australian 
monthly rainfall2 gridded data derived from observational 
(station) data, which have an associated accuracy better 
than 0.01 degrees (approximately 1km). For the 
purpose of this analysis the complete dataset from 
1900-2007 will be utilised with particular emphasis on 
identifying trends in the latter part of the time period. 

 
Figure 7 displays the relationships between 

rainfall and Niño 3.4 for three consecutive 30-year time 
periods, 1918-1947, 1948-1977 and 1978-2007. The 
correlations in the three time periods show that the 
relationships between ENSO and Australian rainfall 
have varied over time, with 1918-1947 having very 
sparse regions of significant correlations; 1948-1977 
experiencing well distributed and strong correlations; 
and 1978-2007 revealing a weakening of the 
correlations, which is comparable to the early 1918-
1947 period. This also corresponds to the trend 
identified in Figure 6 whereby periods of positive values 
for the 30-year running mean also show low correlations 
with rainfall (1918-1947 and 1978-2007). 
 
 

 

                                                 
2 Monthly rainfall gridded data: 
http://www.bom.gov.au/climate/how/newproducts/IDCmr
grids.shtml 



 
 
Figure 7:  Simultaneous correlations between annual Niño 3.4 
and gridded rainfall data for the three 30-year periods: 1918-
1947, 1948-1977 and 1978-2007. 

 
Pezza et al. (2007) suggests that a cold phase 

of the decadal Pacific Oscillation (PDO) variations 
lasted between 1947-1976, which coincides with the 
period of greatest correlation and also increased rainfall. 
A warm phase of this Oscillation was proposed to cover 
the 1925-1946 period and the most recent period, from 
1978 onwards (Pezza et al 2007). This indicates that in 
addition to a shift in the background state of the climate 
around 1977, there may be evidence to suggest that 
ENSO may consist of a multi-decadal variation. Power 
et al (1999; 2006) also demonstrated that ENSO was 
likely to vary on inter-decadal time scales in association 
with changes to SSTs in the Pacific Ocean. Suppiah 

(2004) also detected a decadal-scale variation between 
ENSO and rainfall correlations throughout the past 
century. This trend will need to be further examined and 
until we can understand which mechanism is dominating 
in each of the 30-year periods, it will be difficult to 
determine if there is a multi-decadal variation to ENSO 
or whether the signal of ENSO is being overpowered by 
a stronger mechanism during the 1918-1947 and 1978-
2007 periods, such as the changes to MSLP, which 
could be a result of the SAM. 

 
Figure 8 shows the seasonal correlations 

between ENSO and Australian rainfall for two 30 year 
periods. It is evident that the regions of significant 
correlations have decreased spatially, indicating that the 
role of ENSO has changed. The most confounding 
variation is the change of the region of highest 
correlation in both summer and autumn (not shown), 
moving from the east to the west of the continent. The 
correlations in these seasons remain small spatially.   
 

Spring also exhibits a substantial reduction in 
the spatial distribution of the correlations. It has long 
been acknowledged that spring rainfall has the 
strongest correlations with ENSO (McBride & Nicholls 
1983 etc.). However, these trends indicate that the 
correlations between ENSO and Australian rainfall have 
varied substantially in the most recent 30-year period, 
with a spatial weakening across all seasons (excluding 
winter). This suggests that the decline in rainfall across 
many regions of Australia since the late 1970’s (Murphy 
& Timbal 2007) may not be attributable to variations in 
ENSO.  
 
3. SUMMARY 
 

This study has examined the correlations between 
ENSO and Australian rainfall variability as well as the 
changes to the relationship over time. The main results 
are as follows:  

1. The long-term change to the SOI is due to an 
increase in Darwin pressure. 

2. The change to the Darwin MSLP is part of a 
large-scale change in pressure that may be 
associated with a prolonged positive phase of 
the Southern Annular Mode. 

3. The SOI may not be a reliable indicator of 
variations to ENSO. 

4. Relationships between rainfall and Niño 3.4 
appear to be weakening. 

5. ENSO may no longer be the primary mode of 
rainfall variability in the Australian region. 

6. Correlations between ENSO and rainfall 
variability may vary on a multi-decadal time 
scale.  
 
 
 
 
 
 



 

  
Figure 8:  Simultaneous correlations between seasonal Niño 3.4 and gridded rainfall data for the two 30-year periods: 1948-1977 
(top) and 1978-2007 (bottom). Note: DJF: December/January/February (Summer), MAM: March/April/May (Autumn not shown),  
JJA: June/July/August (Winter), SON: September/October/November(Spring). 
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