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An evaluation on the ability of the Community 
Earth System Model (CESM) model to simulate 
heatwave-relevant synoptic patterns over Australia 
was performed. The method of self-organizing maps 
was used (Kohonen 2001), which has been shown to 
be a powerful tool for evaluating model simulated 
synoptic variability in other studies (Cassano et al. 
2006; Uotila et al. 2007; Gibson et al. 2015, manuscript 
submitted to Climate Dyn.). Each historical realiza-
tion of the CESM ensemble was compared to ERA-
interim over 1979–2004 in terms of the frequency of 
each synoptic pattern (node). A total of 20 nodes were 
computed, as shown in Fig. S31.1. Many of the nodes 
resemble the development of the observed synoptic 
system associated with the 19-day 2014 May heatwave 
(see Fig. S31.2 for snapshots of the observed system). 
In particular, node c4 was most relevant to the event 
occurring for 8 of the heatwave days, including 6 
consecutive days (Fig. S31.2). Other similar nodes, 
also characterized by anticyclonic conditions over the 
Tasman Sea, occurred during the heat wave including 
nodes b4, c3, d3, d4. 

Overall, all realizations of CESM produced similar 
frequencies of each self-organizing map (SOM) node.  
Encouragingly, the frequency of node c4 (that most 
relevant to the heatwave in this study) in CESM was 
very similar to that of ERA-interim, while some of the 
other less relevant nodes were either slightly under-
estimated (nodes c3, d3, d4) or overestimated (b4) by 

the model (Fig. S31.3). The biggest deficiency in the 
model is its tendency to overstimulate the frequency 
of zonally elongated patterns (i.e., nodes a2 and b2), 
however, this is less of a concern as these patterns are 
not relevant to the heat event.

Fig. S31.1. The 20 SOM nodes used to evaluate CESM 
over 1979–2004 (hPa), calculated from ERA-interim.
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In comparison to the CMIP5 ensemble, CESM is 
well within the mid-range ranks in the top half of a 
combined 24-model ensemble (see Table S31.1), in 
terms of SOM node frequency, thus holding compa-
rable (or better) skill in simulating synoptic systems 
over Australia to multiple other state-of-the-art global 
climate models.

A sensitivity analysis was also conducted on 
the relationship between the magnitude of a May 
heatwave, and the length that the heatwaves lasted. 
May heatwaves in the CESM ensemble lasting from 
14–21 days with continentally-averaged anomalies 

Fig. S31.2. Daily mean sea level pressure (hPa) from ERA-Interim 
over 12–17 May 2014.

Fig. S31.3. Contour plots of node frequency for ERA-Interim and CESM 
(r10i1pi) over the period 1979–2004. Specific nodes refer to those shown 
in Fig. S31.1.

from 2°–2.5°C for the period 1955–2014 
were analyzed using the FAR procedure 
as described in the main text. The 10th 
percentile of the FAR values from 10 000 
bootstrapped samples and the associated 
risk value are presented in Table S31.2. 
For all events considered in this sensitiv-
ity analysis, there is a clear attributable 
signal in the increase of their likelihood 
between 5 to 18 times.

FAR and associated risk values in-
crease along with the magnitude and 
length of the May heatwave. This is in 
line with previous literature that finds 
shorter-term and more intense events 
have higher variability (Fischer and 
Knutti 2015). In terms of temperature 
extremes however, there is a clear intra-
model relationship between short-term 
less intense events and longer-term more 
intense events, in that the attributable 
signal from one type of event can be in-
ferred from another (Angélil et al. 2014). 
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Table S31.2. The 10th percentile FAR and risk values (in parentheses) 
of May heatwaves with anomalies of 2°–2.5°C and lengths of 14–21 days 
from 10 000 bootstrapped samples, as described in the main text.

2°C 2.1°C 2.2°C 2.3°C 2.4°C 2.5°C

14 days
0.81 

(5.17)
0.82 

(5.42)
0.83 

(5.92)
0.83 

(5.95)
0.85 

(6.49)
0.85 
(6.81)

15 days
0.82 

(5.53)
0.83 

(5.77)
0.83 

(6.05)
0.85 

(6.49)
0.85 

(6.87)
0.86 

(7.23)

16 days
0.83 

(5.84)
0.83 

(5.95)
0.85 

(6.47)
0.86 
(7.16)

0.86 
(7.39)

0.87 
(7.95)

17 days
0.84 
(6.17)

0.84 
(6.32)

0.86 
(6.97)

0.87 
(7.52)

0.87 
(7.97)

0.88 
(8.69)

18 days
0.85 
(6.51)

0.86 
(6.91)

0.86 
(7.26)

0.88 
(8.12)

0.88 
(8.58)

0.90 
(9.86)

19 days
0.86 

(6.99)
0.86 

(7.39)
0.88 

(8.07)
0.88 

(8.59)
0.90 

(9.99)
0.91 

(11.53)

20 days
0.86 

(7.27)
0.87 

(7.98)
0.88 

(8.58)
0.91 

(10.67)
0.91 

(11.31)
0.93 

(14.59)

21 days
0.87 
(7.96)

0.88 
(8.61)

0.91 
(10.54)

0.92 
(12.11)

0.93 
(14.54)

0.94 
(17.85)

Model
Correlation of node 

frequency with 
ERA-INT

CNRM-CM5 0.94

ACCESS1-0 0.86

MRI-CGCM3 0.82

CCSM4 0.81

CanESM2 0.79

MIROC5 0.79

ACCESS1-3 0.75

GFDL-ESM2M 0.74

bcc-csm1-1-m 0.68

CESM ( ensemble max) 0.66

NorESM1-M 0.66

CESM1-CAM5 0.65

HadGEM2-ES 0.65

GFDL-ESM2G 0.64

Model
Correlation of node 

frequency with 
ERA-INT

CESM (ensemble mean) 0.63

CESM ( ensemble min) 0.59

BNU-ESM 0.51

MPI-ESM-LR 0.47

bcc-csm1-1 0.39

FGOALS-g2 0.36

MPI-ESM-MR 0.3

GFDL-CM3 0.28

MIROC-ESM-CHEM 0.21

CSIRO-Mk3-6-0 0.19

MIROC-ESM 0.18

IPSL-CM5A-MR 0.13

IPSL-CM5A-LR 0.1

Table S31.1. Overall frequency correlations of the CMIP5 ensemble respective to 
ERA-interim for 1979–2004. The CESM model ensemble max, min, and mean are also 
highlighted. The CESM ensemble max is the r10i1p1 run shown in Fig. S31.3.
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