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Table S1: Range of studies reporting the performance of APSIM simulation of wheat including sample size (n), Coefficient of determination between observed and simulated (R2), the Root Mean Squared Deviation (RMSD) and the observed range of wheat yields.  
Note that repetition in some of the test data sets is likely. Care should be taken when comparing studies. As shown in Whitbread and Hancock (2008), prediction can be greatly improved with more information about starting conditions, soil type and management. Measures of prediction are likely to be higher when the primary source of variation in the observed data is a range of years from dry to wet and lower when variation is due to treatments within a single year or small number of years. 
	Reference
	Location
	n
	R2
	RMSD (t/ha)
	Observed range (t/ha)

	Probert et al. 1995
	Queensland
	88
	0.3
	0.94
	0.3-4.8

	Assange et al. 1998
	Western Australia
	42
	0.77
	0.4
	1 to 4

	Wang et al. 2003
	Queensland
	106
	0.8
	0.74
	1 to 8

	Sadras et al. 2003
	South Australia
	55
	0.74
	0.19
	0.7 to 3.8

	Yunusa et al. 2004
	South Australia
	80
	0.69
	0.45
	1.3 to 4.0

	Oliver et al., 2006
	Western Australia
	65
	0.8
	0.3
	0.4 to 3.7

	Lilley and Kirkegaard 2007
	Sthn New South Wales (Calibration site) 
	11
	0.93
	0.65
	1.2 to 8.3

	Lilley and Kirkegaard 2007
	Sthn New South Wales (Validation site)
	9
	0.79
	0.3
	0.3 to 2.6

	Weeks et al., 2007
	Western Australia 2005 crop season
	7
	0.52
	0.55
	0.6 to 2.3

	Weeks et al., 2007
	Western Australia 
2006 crop season
	6
	0.89
	0.26
	0.6 to 2.3

	Whitbread and Hancock 2008
	South Australia. Research farm average 1972 to 2007 
	35
	0.66
	0.64
	0.1 to 3.6

	Whitbread and Hancock 2008
	South Australia. One field with sow date, cultivar & fertiliser.
	9
	0.79
	0.3
	0.3 to 2.6 

	Whitbread and Hancock 2008
	South Australia. Trial site with characterised soil, sow date, cultivar & fertiliser.
	16
	0.79
	0.3
	0.2 to 2.3 

	Anwar et al. 2009
	Victoria
	40
	0.96
	0.31
	0.1 to 5.2

	Lawes et al. 2009
	Western Australia
	75
	0.86
	0.31
	0.30 to 3.71

	Hochman et al. 2009
	Australia 
	334
	0.71
	0.8
	0 to 8

	Carberry et al. 2009
	South Australia
	28
	0.88
	0.26
	1.1 to 4.9

	Monjardino et al. 2013
	South Australia
	16
	0.65
	0.82
	0.5 to 6.6

	O'Leary et al. 2016
	New South Wales, Queensland
	672
	0.03-0.57
	1.04-1.58
	0.30 to 6.20

	Fletcher et al. 2020
	Western Australia
	46
	0.69
	0.77
	0.35 to 3.20

	Lilley and Kirkegaard, 2024
	New South Wales
	17
	
	0.54
	1.63 to 8.33
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Table S2:  Details of the 8 climate models (GCMs) used for future projections, including the available representative Concentration Pathways (RCPs) and the projected change values for rainfall and mean temperature from a baseline of 1986-2005 to 2040-2059 (representing 2050) under the high emissions scenario (RCP8.5). The equivalent mean value from a 42 GCM model ensemble is also shown at the bottom of the table for comparison. Values are the regional projected change for May to October for the Southern and South-Western Flatlands region (Hope 2015). Note, this is slightly different to the April to October aggregation used for the past and future climatology in this study, due to their definition of growing season from May-October. 
	GCM Name
	RCPs available 
	Rainfall change (RCP8.5)  
	Mean temperature change (RCP8.5)
	Notes on projections for May to October for the SSWF region 

	ACCESS 1.0
	RCP4.5
RCP8.5
	
-21%
	
+1.65°C
	

	CESM1-CAM5
	RCP2.6
RCP4.5
RCP8.5
	

-18%
	

+1.64°C
	

	CNRM-CM5
	RCP2.6
RCP4.5
RCP8.5
	

-2.5%
	

+1.42°C
	Represents the smallest reduction in rainfall.

	GFDL-ESM2M
	RCP2.6
RCP4.5
RCP8.5
	

-32%
	

+1.23°C
	[bookmark: _Hlk118295120]Represents the largest reduction in rainfall.


	HadGEM2-CC
	RCP4.5
RCP8.5
	
-20%
	
+1.64°C
	

	CanESM2
	RCP2.6
RCP4.5
RCP8.5
	

-19%
	

+1.85°C
	Represents the largest increase in temperature.

	MIROC5
	RCP2.6
RCP4.5
RCP8.5
	

-13%
	

+1.03°C
	

	NorESM1-M
	RCP2.6
RCP4.5
RCP8.5
	

-15%
	

+1.25°C
	Best ‘maximum consensus’ representation of the model ensemble. 


	42 GCM ensemble mean for RCP8.5
	-13%
	+1.5°C
	



Table S3: Description of soil used in APSIM simulations. Bulk density (BD), lower limit of plant-available water (LL), drained upper limit of water (DUL), plant available water capacity (PAWC), organic carbon (OC) at various soil depths.
	Depth
(cm)
	BD
(g/cm3)
	LL
(v/v)
	DUL
(v/v)
	SAT
(v/v)
	PAWC
(mm)
	OC
(%)

	0-10
	1.487
	0.050
	0.160
	0.369
	10.7
	2.200

	10-20
	1.661
	0.060
	0.142
	0.303
	8.1
	1.090

	20-30
	1.653
	0.060
	0.143
	0.306
	7.9
	0.540

	30-40
	1.667
	0.060
	0.152
	0.301
	8.3
	0.390

	40-60
	1.629
	0.090
	0.183
	0.315
	18.1
	0.267

	60-80
	1.624
	0.130
	0.196
	0.317
	12.5
	0.214

	80-100
	1.492
	0.130
	0.211
	0.367
	10.3
	0.100

	100-120
	1.663
	0.130
	0.178
	0.302
	3.6
	0.130

	120-150
	1.670
	0.130
	0.171
	0.300
	5.4
	0.099






Cool season rainfall projections 
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Figure S3.1 Gridded projected change in cool season rainfall by 2050 according to the 8 different global climate models used, under the RCP4.5 emissions scenario. 
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Figure S3.2 Gridded projected change in cool season rainfall (April to October) by 2050 according to the 8 different global climate models used, under the RCP8.5 emissions scenario.
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Figure S3.3 Gridded projected change in warm season rainfall (November-April) by 2050 according to the 8 different global climate models used, under the RCP4.5 emissions scenario.
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Figure S3.4 Gridded projected change in warm season rainfall (November-April) by 2050 according to the 8 different global climate models used, under the RCP8.5 emissions scenario.
	[bookmark: _Hlk156308909][image: ]Figure S4a 					                  Figure S4b
Figure S4 (a) April-October mean temperature anomaly for the Western Australian and South Australian sites by decades; (b) April-October rainfall anomaly (% diff from long term mean) for the Western Australian and South Australian sites by decades., from the long-term average 1911-2020. Red shading indicates increasing temperature and decreasing rainfall while blue shading indicates the opposite. 
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Figure S5a 					                  Figure S5b 
Figure S5: (a) Nov-Mar rainfall anomaly (% diff) for the Western Australia and South Australia sites by decades; (b) rainfall – years above median Nov-Mar for the Western Australia and South Australia sites by decades, from the long-term average and median 1911-2020 respectively.
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Figure S6. Same graph as Figure 6 but with heat and frost included.   Decadal mean growing season rainfall and simulated yield as percentage of 1981 to 2010 average for 101 continuous 10-year periods from 1911 to 20120 for the 20 Western Australia sites and 20 South Australia sites (grey dots, 101 decades x 40 sites = 4040). The single decade 2011 to 2020 for 20 Western Australia sites (orange open circles) and 20 South Australia sites (open blue triangles). Simulated yield at a constant CO2 concentration of 350 ppm (A), and at yearly historic concentrations (B).
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	RCP45 Historic CO2
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Figure S7 (same as Figure 7, but with frost and heat included). Decadal mean growing season rainfall and simulated yield with frost and heat rules as percentage of 1981 to 2010 average for the 8 focus locations.  The 20 continuous decades from historical 1981 to 2010 period (red), and from the projected 2036 to 2065 climate according to CNRM-CM5 (blue triangle), GFDL-ESM2M (open circles), and for the remaining 6 GCM’s (grey circles).  The regression line is shown for all 8 GCM’s.  Climate projections for RCP 4.5 and wheat simulations at an atmospheric CO2 concentration of 350 ppm (A), or at yearly historic atmospheric CO2 concentration in the historic climate or the projected atmospheric CO2 concentrations in the projected climates (B); Climate projections for RCP 8.5 and wheat simulations at an atmospheric CO2 concentration of 350 ppm (C), or at yearly historic atmospheric CO2 concentration in the historic climate or the projected atmospheric CO2 concentrations in the projected climates (D)

[image: ]Figure S8 (Same as Figure 8 but with frost and heat included). Simulated wheat yields with frost and heat rules at 8 focus sites in WA and SA. Simulated wheat yield as a percentage difference from the 30 year (1981 to 2010) mean, and distribution of annual simulated wheat yield as a percentage difference from the 30 year (1981 to 2010) mean in the historic 1981 to 2010 climate and in the projected thirty years period of 2026 to 2065 (2050 climate). Wheat yields simulated at an atmospheric CO2 concentration of 350 ppm left hand columns), or at the yearly historic atmospheric CO2 concentration in the historic climate or the projected atmospheric CO2 concentrations in the projected climates (right hand columns). Scatter plots show annual simulated yields (grey circles), running decadal means (black line) and running 30 year mean (red line); Histograms show 25th, 50th and 75th percentile as box, 10th and 90th percentile as whiskers, and the average (circle).
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Projected change in November-April average rainfall by 2050 (RCP4.5).
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Projected change in November-April average rainfall by 2050 (RCP8.5).
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