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Forecast simulations
Annual anomalies associated with a 1 SD (standard deviation) perturbation of 
each index are shown for a range of fields in Fig. 1. For NINO34, equatorial 
warmth and rainfall drive height (h500) and pressure anomalies through the 
hemisphere. The h500 EOF pattern (PC, right) and associated anomalies are 
similar, but more zonal. 

Sea surface temperature (SST) averaged over the NINO3.4 region is used as the index for ENSO. The first principal component (PC, or amplitude) from an EOF analysis of 500 hPa geopotential 
height south of 20°S is the index for SAM. Rainfall is averaged over six BOM standard regions and All-Australia. The basic time series used are 5-day or pentad averages, or seasonal/annual means. 

The AO-AM2 climatological simulation produces strong ENSO and SAM variability, which links to 
Australian rainfall with considerable realism. These links can be seen also in forecast simulations, 
and variability is enhanced for a year or more through the assimilation of observed ocean 
temperatures in the initial states and the use of mode-like perturbations. Further assessment will 
focus on the predictability in the equatorial SSTs over the forecast period. Given the links, this 
would imply some predictability in anomalies of SAM and Australian rainfall.  
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NINO34 ANN DJF MAM JJA SON

All –39 –56 –46 –11 –55

East –41 –58 –27 –21 –50

North –34 –55 –42 –12 –53

South –42 –46 –42 –9 –49

Southeast –50 –37 –31 –9 –47

Southwest 13 –21 –15 25 9

MDB –44 –44 –24 –16 –48

Table 2: Correlations (r x 100) between Australian rainfall in seven regions and indices NINO34 (left), PC (right).

PC ANN DJF MAM JJA SON

All 35 34 11 10 32

East 39 41 8 9 40

North 31 33 7 17 26

South 37 33 16 4 34

Southeast 37 33 10 –4 32

Southwest 4 11 13 –19 –3

MDB 38 36 6 10 32

Index ANN DJF MAM JJA SON

PC        h500 –43 –43 –43 –32 –23

SAM psl –35 –29 –31 –23 –27

HLM-R u500 –22 –35 –35 –15 –22

Table 1: Correlations (r x 100) between NINO34 and 
three indices of annular variability (seasonal means).

For each year over 2004-2016 an 11-
member ensemble of 6-year simulations is 
initialised at 1 January, using assimilation 
of ocean observations and with small 
mode-like ocean perturbations (in V1). The 
NINO34 series for the 2006 case are used 
in Fig. 2. At pentad 1, the 11 values are 
nearly identical, but they spread apart 
over time. The ensemble average (AV) 
tends to move towards CLIM.

Combining all cases, as a function of time 
from the start, the ensemble SD rises 
similarly in each case, with the AV of the 
13 cases shown in Fig. 3 (left). By year 5, 
the SD is typically close to the CLIM 
interannual SD. The SD of the initial values 
(right, pentad 1) is also like CLIM (as a 
sample of observed states). It remains high 
for a year or two with these forecasts. A 
simpler method (version 2), uses only 
observed surface forcing to generate initial 
ocean states. V2 has an SD of ensemble AV 
that declines in months, despite using 
atmospheric perturbations that produce 
an initial jump in ensemble SD in each 
case. This is also evident in the PC and All-
Australia rainfall series, which are running 
seasonal averages (with 4 central months 
indicated). The SD of ensemble AV of these 
indices are also somewhat higher in V1. 
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Figure 3: Time series at 5-day (pentad) steps of NINO34 (top), PC (middle) and All-
Australia rainfall (bottom), from versions 1 (V1) and 2 (V2) forecast simulations 
starting 2004 to 2016 (13 cases).  The statistics are (left) the average (AV) over the 
13 cases of the standard deviation (SD) of the runs in each ensemble, (right) the SD 
of ensemble AV. For CLIM the interannual SD is shown. The NINO34 data are 5-day 
averages, while PC and rain are running seasonal (19 pentad) averages. 
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Figure 4: Links between seasonal average All-Australia rainfall and NINO34 in the V1 ensembles. 
Time series are (left) the SD of the 13 cases of ensemble AV, and the correlation r between NINO34 
and rainfall, (centre) the same for all individual runs. The scatter plot shows the individual values 
for the season centred on pentad 58 (blue and rav being for Ensemble AV, red and r being All Runs). 
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Figure 5: Links between the seasonal average PC index and NINO34 (series at left), and rainfall 
for Southwest Australia in winter (pentad 40) and All-Australia in summer (pentad 75).

Conclusions

CSIRO’s new Decadal Forecasting Project aims to investigate climate predictability and deliver multi-year climate forecasts for Australia. A prototype 
Climate Analysis and Forecast Ensemble System has been based on the ACCESS Ocean - GFDL AM2.1 coupled model, or AO-AM2. Given the 
importance of ENSO and the southern annular mode (SAM) to variability in Australian rainfall, the links between these are explored first in a 100-
year climatological simulation, then in two sets of forecast simulations. The focus here is the character of the simulated interannual variability.

The pattern similarities lead to moderate 
anti-correlation between NINO34 and PC 
in ANN and each season, and also for 
two other SAM indices defined using 
bands of psl or zonal wind. 

Rainfall is well correlated with NINO34 in summer and spring. PC correlates in 
some cases, partly due to its link with ENSO. Southwest rain tends to be reduced 
with positive SAM in winter. These results are mostly similar to observations.

Further details:
The climatological results here are from years 400-500 of our second 'control' or present-climate run of the 
coupled model. EOF calculations were performed using seasonal or annual means. Comparison with 
observational results (following Watterson, 2009, 2013) shows that the model performs similarly well to 
ACCESS1.3, although the ENSO variability is larger than observed, especially in JJA. All-Australia mean annual 
rainfall is only 4% higher than AWAP. The 'CLIM' time series are analysed as running 5-day or 95-day (seasonal) 
averages, with the means and SDs calculated from the 100 annual cycles. The EOF analysis for CLIM is of all 5-
day anomalies. Projecting EOF1 on pentad anomalies returns the PC time series. This process is used to derive 
PC values in the forecast simulations also. 

The version 1 (V1) forecast simulations are initialised at 1 January from each year (or case) over 2004-2016 
(among others), using assimilation of ocean observations. Initial state mode-like perturbations of the tropical 
ocean, generated using the bred vector approach of O'Kane et al. (2011), are applied to produce an ensemble of 
11 6-year runs for each case. The V2 simulations over the same starting years use the simpler approach of 
Meehl et al. (2016), initialised from an ocean simulation forced by JRA surface reanalyses, combined with a set 
of 1 January atmospheric states from the control run to produce a 10-member ensemble, each run for 5 years.

Figure 2: Time series at 5-day (pentad) 
steps of NINO34 from the (version 1)  
ensemble starting 1 January 2006. The 
11-run ensemble average (AV) is shown 
along with the max and min of the 11, 
at each time. The mean annual cycle 
from the climatological simulation is 
CLIM. The central month of the four 
seasons in each of six years is marked 
(order January, April, July, October)
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The link between seasonal 
NINO34 and rainfall (in V1) is 
illustrated in Fig. 4. 
The SD of ensemble AV for each 
is shown, along with the 
correlation across the 13 values 
at each time. Results for all 143 
runs are then shown, along with 
a scatter plot of values for year 1 
SON. Given sampling variation in 
r, these relate well to Table 2.   

Links between PC and NINO34, 
then PC and rainfall are 
illustrated in Fig. 5. Again, these 
resemble the climatological 
results. 

Figure 1: Annual (ANN, Jan-Dec average) Case.  Regression coefficient fields with standardized NINO34 (left) or 
PC (right). Fields/Vectors are (top) surface air temperature/wind 200 hPa, geopotential height/wind 500 hPa, 
rainfall/ wind 850hPa, (bottom) pressure/wind 10m. These are dimensional, with the usual units.
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