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This study examines teleconnections from the El Niño Southern Oscillation 
(ENSO), the Indian Ocean Dipole (IOD), the Southern Annular Mode (SAM), 
and atmospheric blocking to rainfall over the Australian continent. The analysis 
is carried out for observations and an atmospheric GCM driven by prescribed 
time-varying sea surface temperatures. The model rainfall teleconnection to the 
blocking index is well captured in each season, whereas the IOD rainfall tele-
connection is only weakly evident in the model. The ENSO rainfall response in 
eastern Australia is evident in spring in the model, but not winter. The small 
scale topographically-induced rainfall teleconnections from SAM are generally 
not captured in the model. In observations, ENSO and IOD are well correlated 
in spring, as are SAM and blocking. Only the first of these relationships be-
tween drivers is evident in the model. These mixed results indicate the need to 
improve representation of teleconnection processes.

Introduction

Rainfall variability in Australia is in part influenced by a 
number of drivers remote to the continent. These driving 
processes include tropical processes such as El Niño 
Southern Oscillation (ENSO) in the Pacific Ocean (Allan 
1988; Nicholls et al. 1997; Wang and Hendon 2007; Watterson 
2010), the Indian Ocean Dipole (IOD) (Ashok et al. 2003a) and 
Madden Julian Oscillation (MJO) (Wheeler and Hendon 
2004; Wheeler et al. 2009). The focus on extratropical sources 
of variability has been on the Southern Annular Mode (SAM) 
(Hendon et al. 2007; Meneghini et al. 2007), variations in 
storm tracks (Simmonds and Keay 2000; Frederiksen and 
Frederiksen 2007), the subtropical ridge (Pittock 1975; Timbal 
2009), and atmospheric blocking (Pook and Gibson 1999).
 In a recent work, Risbey et al. (2009b) analysed the 
contributions of four of these drivers (ENSO, IOD, blocking, 
and SAM) to monthly rainfall variability. They showed that 
ENSO is the dominant driver in terms of geographical 
influence for most of the year. ENSO tends to be more 

important in eastern Australia, whereas the IOD is more 
important in the southwestern half of the continent. Blocking 
is important in the southern half of the continent through 
the non-summer months. SAM has a particular influence in 
locations near mountains and/or the coast where rainfall is 
partly due to stream synoptic conditions.
 Each of these remote processes (ENSO, IOD, blocking, 
SAM) manifests some features of the oceanic and 
atmospheric circulation. These features in turn modify 
that circulation, producing changes in weather patterns 
throughout the hemispheres. The processes carrying these 
‘teleconnections’ also occur in the ocean and atmosphere. 
This might include changes in heating patterns and wave 
train responses (Hoskins and Karoly 1981), or moisture 
circulation (Gimeno et al. 2010) for example. In this work 
we attempt to evaluate these teleconnection processes in a 
general circulation climate model. We compare variability 
in remote drivers with variability in continental rainfall as a 
means to examine the strength of teleconnections patterns in 
observations and a model. The following sections document 
the model used and experimental design, and relationships 
between rainfall and each driver in observations and the 
model.Corresponding author address: James S. Risbey, Centre for Australian 

Weather and Climate Research, CSIRO Marine and Atmospheric Re-
search, Castray Esplanade, Hobart Tas., 7000, Australia
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Model and data

The model used for the simulation described here is a 
version of the Atmospheric General Circulation Model 
(AGCM) within the Australian Community Climate and 
Earth System Simulator (ACCESS). The AGCM is the UK 
Met Office unified model (UM) (Martin et al. 2006). The model 
code used in this experiment is the Met Office’s UM6.6, and 
the climate configuration used is that of HadGEM2 version 
r1.0 (Collins et al. 2008; Rashid et al. 2009). The model has a 
horizontal resolution of N96, equivalent to a 1.25° latitude × 
1.875° longitude grid, and 38 vertical levels.
 The model run for this study was carried out in the form 
of the Atmospheric Model Intercomparison Project (AMIP) 
protocol (Gates, 1992). The 30-year run from 1979 to 2008 
used the AMIP observed monthly varying sea surface 
temperature (sst) and sea ice distributions. Concentrations 
of greenhouse gases were fixed in the model and ozone 
concentrations were set to climatological monthly zonal 
mean values. In practice the concentrations of these gases 
has changed over the period of the run, which has had some 
impact on drivers such as the SAM (Polvani et al. 2011). 
 In order to calculate indices of ENSO, IOD, SAM, and 
blocking in the model we used the same variables and 
regions as in observational data (Risbey et al. 2009b). ENSO 
is represented by the Niño3 sst index, based on sst in the 
box (5°S–5°N; 150°W–90°W) in the model and from HadlSST 
observations (Rayner et al. 2003)1. An atmospheric-based 
index of ENSO was also included by calculating the southern 
oscillation index (SOI) from the anomalous pressure difference 
between Tahiti and Darwin. The IOD is represented by the 
dipole mode index (DMI), which is defined as the difference 
in sst anomaly between the tropical western Indian Ocean 
(10°S–10°N, 50°E–70°E) and the tropical southeastern 
Indian Ocean (10°S–equator, 90°E–110°E) in the model and 
HadlSST observations. Blocking is represented here by a 
split flow index, which is defined as 0.5(U25 +U30 −U40 −2U45 
−U50 +U55 +U60) where Uy represents the zonal component of 
the mean 500hPa wind at latitude y (Pook and Gibson, 1999). 
We calculate a monthly blocking index at 140°E, which is a 
typical longitude for blocking in the Australian region. The 
wind data used to calculate the index is taken from the model 
and for observations from the NCEP/NCAR reanalysis 
(Kalnay et al. 1996)2. The SAM is defined following Gong and 
Wang (1999) as the difference between normalized monthly 
zonal mean sea-level pressure (mslp) at 40°S and 65°S. This 
index is calculated from mslp in the model and from station 
data matched to these latitudes in observations (Marshall 
2003). For each of the indices above the observational data is 
truncated to the period 1979–2008 to match the period of the 
model AMIP run.
 Each of the above indices are correlated with rainfall 
across the Australian continent. For the model the rainfall is 

taken directly from the model grid. For observations we use 
two rainfall datasets. Both provide rainfall on a 0.05°×0.05° 
grid, which is interpolated from Bureau of Meteorology 
station data. The original product is described by Jeffrey 
et al. (2001) and (Lavery et al. 1997). The updated rainfall 
dataset is the Australian Water Availability Project (AWAP) 
data (Raupach et al. 2009) described by Jones et al. (2009). 
The rainfall data on the 0.05°×0.05° grid was smoothed to 
a 0.5°×0.5° grid for analysis since the extra resolution is not 
needed here. Analyses were carried out using both rainfall 
datasets and the results are not sensitive to the choice of 
observational data.

Experimental design

Following the method used in Risbey et al. (2009b), we 
relate each of the four drivers (ENSO, IOD, blocking, SAM) 
to rainfall across the Australian continent. This analysis is 
carried out separately for both the model and observational 
data over the 30-year period (1979–2008). Because the AMIP 
run uses prescribed time-varying sea surface temperatures 
to match observations, this means that the remote drivers 
based on sst (Niño 3 as an index of ENSO and dipole 
mode index [DMI] as an index of IOD) are also effectively 
prescribed. The indices based on atmospheric fields (SOI 
for ENSO, blocking, and SAM) are not so prescribed, as the 
atmospheric response in an AMIP run is not in sequence 
with observations.
 Where the index of the remote driver is effectively 
prescribed (ENSO, IOD), the rainfall response is a reflection 
of mainly the teleconnection processes in the model. To 
be sure, the model is only free to generate teleconnection 
responses through the atmosphere, as the ocean component 
of the model is fully prescribed. The model does not have 
to simulate the remote driver (ENSO, IOD) though in this 
case. Where the remote driver is based on atmospheric 
fields (blocking, SAM), the rainfall response is a measure of 
both teleconnection processes and of the model’s ability to 
simulate the remote driver. However, it does not matter for 
this study whether the remote driver is in phase with ocean 
observations or not. The method of correlating indices of the 
remote driver in the model with rainfall in the model still 
isolates the model’s ability to simulate the teleconnection 
response to different phases of the driver.
 In contrast to this study, Cai et al. (2009) examined 
rainfall teleconnections in a suite of coupled models from 
the coupled model intercomparison project (CMIP) (Meehl 
et al. 2000, 2007). They found that the ability of models to 
reproduce rainfall teleconnections to ENSO and IOD 
was limited by their simulations of ENSO and IOD in the 
coupled system. By using prescribed sst, this work isolates 
the teleconnection in a system where ENSO and IOD are 
effectively also prescribed. Thus, one can test the rainfall 
teleconnections from ENSO and IOD directly here without 
being limited by an inferior simulation of ENSO and IOD.1HadSST2 was also tested with no appreciable difference in results.

2Results are not sensitive to choice of NCEP1 or NCEP2 reanalysis data.
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Results

Before analysing the rainfall response in the model to 
remote drivers, we first provide an indication of seasonal 
mean rainfall and circulation in the Australian region. The 
seasonal mean fields of rainfall and mean sea-level pressure 
are reasonably well simulated on larger scales in the 
ACCESS model, but there are some important differences 
with observations at regional scales.

Seasonal Mean fields

Mean sea-level pressure
The ACCESS AMIP simulation of mean sea-level pressure 
is shown for summer and winter in Fig 1. The dominant 
features of the broadscale circulation such as the locations 
of subtropical ridge and Antarctic troughs for these seasons 
are in close agreement with observations (Simmonds 2003). 
The most apparent discrepancies are in the broad westerly 
belt in mid-latitudes. In summer this region is too zonal in 
the model compared to observations (Karoly and Vincent 
1998). In winter the zonal pressure gradient is too high 
across southern Australia in the model, implying stronger 
than appropriate zonal flow there. Correspondingly, the 
region of split flow in the Tasman Sea region (indicative of 
blocking) is too weak in the model, though some split flow is 
evident from the divergence of contours in this region. Most 
models have difficulty simulating the appropriate pressure 
gradient and split flow in southern Australia (McIntosh et al. 
2008). If the split flow is too weak in this region a model will 
have difficulty simulating rainfall in synoptic systems such 
as cutoff lows which are synonymous with split flow (Pook 
et al. 2006; Risbey et al. 2009a).
 The ability of the model to simulate teleconnections 
through the atmosphere will depend on part on the 

simulation of the mean background flow (Hoskins and Karoly 
1981). Figure 1 indicates that there are reasons for optimism 
and pessimism for the model in this regard. The large scale 
mean pressure field is similar to observations, but there are 
clear regional differences as described. The extent to which 
these differences matter for simulating teleconnections to 
the Australian region is not yet clear.

Rainfall
The ACCESS AMIP simulation of precipitation is shown for 
summer and winter together with observed precipitation in 
Fig. 2. The overall patterns in the model and observations 
are similar, though there are a number of key differences. In 
summer the monsoonal rainfall maximum is captured in the 
model, but with weaker intensity and more limited spatial 
extent. The band of higher rainfall down the east coast of 
Australia in summer is largely absent in the model, implying 
that the more intense easterly flow episodes that generate 
this rainfall are not captured in the model. In summer and 
winter the enhanced rainfall associated with flow over 
topography is largely absent in the model, as evident in 
western Tasmania and northeast Victoria. This result is 
expected in a model with coarse spatial resolution. The other 
aspect of winter rainfall not well simulated is the maximum 
in the southwest corner of the continent. This rainfall is 
mostly associated with frontal and cutoff low systems, 
implying deficiencies in their simulation in winter.

Rainfall teleconnections for each driver
In this section we show relationships between each of the 
four climate drivers and rainfall using correlation maps. 
These relationships are shown in Figs 3–11 for each of the 
four seasons for the model and observations. In each case 

Fig. 1  Mean sea-level pressure for ACCESS AMIP run for (a) DJF and (b) JJA. The data span the period 1979–2008.
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results are shown for correlations that are significant (using 
a two-sided t test) at the 80 per cent level or greater3. In 
producing equivalent plots from observational data Risbey 
et al. (2009b) used a 95 per cent significance level. We did 
not use a 95 per cent significance level here for the model or 
observational data as few of the grid points were significant 
at this level. The main reason for the drop in significance 
is the difference in length of the data record. Risbey et al. 
(2009b) calculated correlations from a century or more of 
data, whereas the present study uses only 30 years to match 
the AMIP run. The magnitude of correlation required to attain 
significance rises for the shorter period of data. Comparison 
of the results in Risbey et al. (2009b) using a century of data 

with the 30-year period here reveals that the teleconnection 
patterns in observations are still reasonably well captured 
in the 30-year period using the 80 per cent confidence level. 
 The model relationships between drivers and rainfall are 
less robust than the observed relationships. By dropping 
the significance level to 80 per cent we are revealing more 
of the rainfall correlation pattern than we would see at 95 
per cent. The downside of this of course is that it increases 
the likelihood that we are viewing chance results rather 
than meaningful correlations. However, the models and 
observations are treated the same in these plots using the 
same reference period and significance level. Where a 
relationship is present at the 80 per cent level in the 30-year 
observed record and at 95 per cent in the century record, we 
can have more confidence that it is real. We focus only on the 
more robust elements of the teleconnection pattern in the 
observed record in making the comparison with the model 

Fig. 2  Seasonal average precipitation for summer and winter seasons for the ACCESS AMIP run (a) and (c) and observations (b) 
and (d) The maximum precipitation amount contoured is 500mm and so any values over this amount show in the same 
dark blue colour. The data span the period 1979–2008 for both observations and model.

3The influence of autocorrelation was not accounted for in the calculation 
of significance as this is limited for annually resolved rainfall data.
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teleconnection pattern. We emphasize areas of correlation 
that are consistent across different observational datasets 
and across multidecadal periods in the observational 
datasets. This does not guarantee that such results do 
not occur by chance, but it reduces that likelihood. It also 
provides a crude way to filter out shorter-period variability 
in teleconnection relationships when using the 30-year 
series.

ENSO
Correlations between Niño3 and rainfall are shown for 
observations in Fig. 3. The correlations based on 30 years 
of data are much less coherent than those based on longer 
periods, but still show the broad region of teleconnection 
to rainfall in northeastern and eastern Australia in winter 
and spring. The corresponding figure for the model Niño3 
correlations is Fig. 4. The winter Niño3 teleconnection is 
not very evident in the model, though the spring rainfall 
correlation across northern and eastern Australia is 
consistent with observations. It is difficult to evaluate the 
model rainfall correlations in summer and autumn because 
the observations do not show pronounced teleconnections 
for this 30-year period in those seasons.
 The model correlations between the SOI and rainfall 
are shown in Fig. 5. The SOI provides an atmospheric 
measure of ENSO in contrast to Niño3’s ocean measure. This 
comparison is of interest because the model Niño3 index 
is constrained to match observations in an AMIP run (the 
sst’s are set to observed values), whereas the SOI is not. 
The Niño3 correlation tests only the model teleconnection 
to rainfall, whereas the SOI correlation tests both the 
teleconnection and the simulation of SOI. In comparing the 
model ENSO and SOI response in Figs 4 and 5, the general 
rainfall teleconnection pattern is similar. Note that the signs 
of correlation are reversed as is appropriate for Niño3 and 
SOI. The broad region of rainfall teleconnection is present 
in eastern Australia in spring in the model for both ENSO 
indices.

IOD
The IOD is not well defined in summer, consistent with the 
weak correlations shown in observations for summer (Fig. 
6). In the remaining months the IOD rainfall signature in 
observations is predominantly a negative correlation in the 
southern and western half of the continent. This signature 
is reflected in autumn in the model, but not in the winter 
and spring (Fig. 7). Since the IOD index is based on sst and 
is effectively specified in the model run, the lack of rainfall 
teleconnection in the model winter and spring reflects a 
shortcoming of IOD teleconnection processes in the model. 
On the other hand, the model winter rainfall response to 
IOD is consistent with other climate model studies of the 
forced response to sst anomalies in the eastern Indian Ocean 
(Simmonds and Rocha 1991).

SAM
The SAM tends to display only isolated regions of 
correlation to Australian rainfall in observations, with the 
possible exception of spring (Fig. 8). The SAM signature is 
generally identifiable in observations in spring as a negative 
correlation in western Tasmania and a positive correlation 
in central parts of eastern Australia (Hendon et al. 2007; 
Risbey et al. 2009b). These correlations are consistent with 
the dependance of rainfall in these regions on zonal flow, 
which is modulated as SAM varies. The model does display 
the same sense of these correlations in spring (Fig. 9). This 
consistent result in the model supports the simulation 
of SAM teleconnection, but it is the only season where 
consistency is apparent. 
 The model is not particularly consistent with observations 
in the other seasons. The robust component of SAM rainfall 
teleconnection in the other seasons is more spatially confined 
and shows up mostly in association with topography in 
Tasmania or in the southwest tips of Western Australia and 
Victoria in winter. These teleconnections to SAM are not 
apparent in the model. The inability of the model to simulate 
small-scale teleconnections is not surprising given the 
model’s limited spatial resolution.

Blocking
Blocking in the Tasman Sea region in Australia is associated 
in observations with higher than normal rainfall across 
southern and southeast Australia and lower than normal 
rainfall in southwest Tasmania (Pook and Gibson 1999). 
Blocked flow in this region is often associated with cutoff 
lows, which enhance the rainfall over southern Australia. 
The block also reduces the westerly flow over Tasmania, 
which reduces the orographically induced rainfall over 
southwest Tasmania. The rainfall response to the split-flow 
blocking index is shown for observations in Fig. 10. The 
enhanced rainfall response to blocking in southeastern 
Australia is particularly pronounced in winter and spring 
and is confined closer to the coast in summer and autumn.
 The model displays a rainfall correlation to the split 
flow blocking index that is remarkably in accord with 
observations in each of the seasons (Fig. 11). The model is 
seemingly picking up the right rainfall response across the 
southern part of the continent to split flows. This implies 
that the model is doing a reasonable job of simulating the 
synoptic systems that produce the rainfall in this region 
during split flow and blocking events, though a synoptic 
analysis of systems would need to be undertaken to confirm 
that.

Interactions among drivers
In the above analyses we consider the relationship between 
rainfall and each driver in isolation. In practice the drivers 
are not all independent and do interact and influence one 
another. In particular, ENSO is thought to influence the IOD 
and other drivers. The extent to which the different drivers 
interact needs to be considered and provides another 
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Fig. 4  As in Fig. 3, but for the ACCESS AMIP model run.

Fig. 3  Correlation between Niño3 and rainfall for each season (a) DJF, (b) MAM, (c) JJA, and (d) SON. Only correlations significant 
at the 80 per cent level are shown. The data span the period 1979–2008. The Niño3 and rainfall data are from observations.



Risbey et al.: Evaluation of rainfall drivers and teleconnections   97   

Fig. 5  Correlation between SOI and rainfall for each season (a) DJF, (b) MAM, (c) JJA, and (d) SON. Only correlations significant at 
the 80 per cent level are shown. The data span the period 1979–2008. The SOI and rainfall data are from the ACCESS AMIP run.

Fig. 6  Correlation between DMI and rainfall for each season (a) DJF, (b) MAM, (c) JJA, and (d) SON. Only correlations significant 
at the 80 per cent level are shown. The data span the period 1979–2008. The DMI and rainfall data are from observations.
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Fig. 7 As in Fig. 6, but for the ACCESS AMIP model run.

Fig. 8  Correlation between SAM and rainfall for each season (a) DJF, (b) MAM, (c) JJA, and (d) SON. Only correlations significant 
at the 80 per cent level are shown. The data span the period 1979–2008. The SAM and rainfall data are from observations.
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Fig. 10  Correlation between blocking at 140°E and rainfall for each season (a) DJF, (b) MAM, (c) JJA, and (d) SON. Only correlations signifi-
cant at the 80 per cent level are shown. The data span the period 1979–2008. The blocking and rainfall data are from observations.

Fig. 9  As in Fig. 8, but for the ACCESS AMIP model run.
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measure by which to test climate model simulations of the 
key drivers. In particular, do climate models produce strong 
relationships between drivers where they exist and not 
when they do not? 
 As a measure of the strength of interaction between 
drivers, we show the correlations between them in table 
1. This table includes correlations between drivers in 
observations in the upper right portion and correlations 
between drivers in the model in the lower left portion of the 
table. The results are for the September–November season 
when the drivers are typically well defined.

 For observations there are only two sets of drivers that 
show significant correlations with one another. These are 
between ENSO and IOD (as expected (Ashok et al. 2003b)) 
and between SAM and blocking. None of the other driver 
combinations show significant correlation. In the ACCESS 
model run, only the correlation between ENSO and IOD is 
significant. In contrast to observations, there is no correlation 
between SAM and blocking in the model in September–
November. At this point we do not know whether that is due 
to a poor simulation of the drivers (SAM and blocking) or of 
the processes that connect them.

Combined drivers
In this section we follow the simple technique of Risbey et al. 
(2009b) for combining each of the drivers on a single map. 
The method is simply to plot the driver (ENSO, IOD, SAM, or 
blocking) that has the highest correlation to rainfall at each 
grid point. The resulting pattern provides a crude indication 
of the regions in which different drivers have more influence. 
 The maps showing spatial influence of the leading drivers 
for observations are in Fig. 12. The split-flow blocking 
index is the leading correlate of rainfall across much of the 
southeast in winter and spring. ENSO is the leading driver 
in northern and eastern Australia in these seasons, though 
its influence is less apparent in the 30-year period used 
here than in earlier periods (Risbey et al. 2009b). The IOD 
is particularly prominent in the rainfall signature in autumn 
and winter in southern Australia. The influence of SAM is 

Table 1. Correlations between each of the four climate drivers 
ENSO (Niño3), IOD (DMI), SAM, and blocking (BLK). 
The cells in the top right are for correlations among 
these drivers in observations. The cells in the bottom 
left are for correlations among drivers in the ACCESS 
AMIP run. The correlations are for September–No-
vember values over the period 1979–2008. Significant 
correlations are marked with an asterisk.

Niño3 DMI SAM BLK

Niño3 0.7* –0.3 –0.3

DMI 0.6* –0.3 –0.2

SAM 0.1 0.0 0.7*

BLK –0.1 0.0 0.0

Fig. 11  As in Fig. 10, but for the ACCESS AMIP model run.
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particularly apparent in spring in the eastern coastal region, 
southwest Australia, and western Tasmania. 
 The equivalent maps for the model run are shown in Fig. 
13. The results show highest consistency between the model 
and observations in spring. In this season the model captures 
the dominant influence of ENSO in the north, blocking in 
the southeast of the continent and east of Tasmania, SAM 
in western Tasmania and the central east coast, and IOD in 
parts of the south and west. In spring the model thus seems 
to capture the relative influence of the appropriate drivers in 
the appropriate regions.
 The correspondence between model and observational 
drivers is also reasonable in autumn. For autumn the model 
shows the same pattern of blocking dominance along the 
southern coast, IOD in the centre and south, and some 
ENSO influence in the north. The correspondence between 
model and observational patterns is not much apparent in 
summer and winter, apart from regions of blocking.

 The regions of blocking dominance are well represented 
by the model in each of the four seasons in comparison with 
observations. The dominance of ENSO in northern Australia 
in spring is captured in the model, but the regions of ENSO 
dominance in the other seasons are only weakly represented 
in the model plots.
 The amount of variance explained by the rainfall driver 
with the highest correlation to rainfall is shown in Fig. 14 
for observations and Fig. 15 for the model. The patterns of 
variance explained for model and observations are similar. 
The reason for this is that blocking dominates the patterns 
of variance explained and is well simulated in the model. For 
both observations and the model, the amount of explained 
variance is mostly around the ten per cent and twenty per 
cent levels for any single driver. The relatively low level of 
explained variance underscores the fact that no single driver 
is sufficient to characterize rainfall variability.

Fig. 12  Each map shows the climate driver with the highest correlation to monthly rainfall at each grid cell across the continent for 
each season (a) DJF, (b) MAM, (c) JJA, and (d) SON. The drivers included are blocking (BLK), SAM (SAM), IOD (DMI), and 
ENSO (Nino3). Only correlations significant at the 80 per cent level were included in selecting the driver with the highest 
correlation. In the blank areas none of the drivers has a significant correlation with rainfall. The data are for observations 
and span the period 1979–2008.
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Conclusions

This study has evaluated rainfall teleconnections to a set of 
remote drivers of rainfall variability in the ACCESS model 
and observations. The model is driven by AMIP time evolving 
specified sst, and thus does not test directly the simulation 
of driving processes such as ENSO and IOD, which are 
partly set by sst patterns. Rather, by analysing the pattern of 
rainfall response in the model, the atmospheric component 
of the teleconnection from driver to rainfall tends to be 
isolated. The use of prescribed sst’s precludes an analysis of 
the role of the ocean and of ocean-atmosphere feedbacks in 
setting teleconnections, which will require coupled models 
to address.
 In general, the model rainfall teleconnections are weaker 
and less coherent than those in observations. The model 
exhibits ENSO and IOD rainfall correlations over Australia 
of the right sense for only some seasons. The ENSO rainfall 
response in eastern Australia is captured in spring in the 
model, but not winter. The drying of western and southern 
Australia for positive IOD events is only really captured in 

autumn in the model and is not present in winter and spring. 
The model teleconnection to rainfall for the IOD is perhaps 
the weakest among the drivers considered. This underscores 
the difficulty in models of simulating not just the IOD itself 
(Cai et al. 2009), but also the circulation response to the IOD.
 The SAM rainfall correlations are weak in the model in 
most seasons except spring. The SAM rainfall correlations 
in the model in spring roughly correspond to regions where 
rainfall is influenced by streamflow, as expected for SAM. 
The model does not do well in simulating the small-scale 
regions in which SAM influences rainfall over topography in 
the other seasons.
 The correlations of rainfall with blocking in the model are 
remarkably consistent with those for observations in each 
season. The region of blocking examined (the Tasman Sea 
region) is more proximate to the continent than the other 
drivers, and perhaps involves more direct teleconnection to 
rainfall. The results imply that the mechanisms for generating 
rainfall in split flow configurations are reasonably well 
represented in the model, though future work will evaluate 
the simulation of these systems directly. 

Fig. 13  As in Fig. 12 but for the ACCESS AMIP model run.
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 Overall, the model gets the right sense (sign and pattern) of 
the rainfall correlations to the drivers in autumn and spring, 
though not in winter and summer, except for blocking. This 
mixed result implies that some of the key teleconnection 
processes are at least loosely captured in the model. In order 
to understand why some teleconnections are captured better 
than others and in some seasons but not others, further work 
is needed to examine the mechanisms and sensitivity of 
teleconnection processes directly. Seasonal teleconnections 
may be sensitive to changes in mean state with season and 
to changes in the mix of synoptic types producing rainfall 
in a given season. The model also produces mixed results in 
capturing interactions between drivers. In the September–
November season the model does capture the significant 
correlation that exists between ENSO and IOD, but not that 
which exists between SAM and blocking. 

 The analysis here involved only a single 30-year model 
run and does not sample multidecadal variability of 
teleconnection relationships. A longer period run should 
produce more significant teleconnection patterns. However, 
from comparison of the results in observations for a 30-year 
period and a hundred-year period, the basic teleconnection 
patterns do not change much. As such, we would not expect 
a longer run per se to improve the model teleconnections 
shown here. On the other hand, an ensemble mean from the 
model could potentially smooth the model teleconnection 
patterns and may improve the match with observations, 
though such improvement is not guaranteed. More 
critically, we need to understand where and why model 
teleconnections do not match observations.

Fig. 14  Amount of rainfall variance explained by the climate driver with the highest correlation to monthly rainfall at each grid cell 
across the continent for each season (a) DJF, (b) MAM, (c) JJA, and (d) SON. The drivers included are blocking, SAM, IOD, 
and ENSO as mapped in Fig. 12. In the blank areas none of the drivers are correlated with rainfall at the 80 per cent level of 
significance. The data are for observations and span the period 1979–2008.
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