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Table S1. Example two- and three-dimensional variables used to force WRF RCM simulations with CMIP6 GCM data

Variable Description Units Frequency
orog topography m fix
sftlf landsea mask - fix
tos sea surface temperature K 3,6 QgiL:LIy or
hus 3D humidity % 3 or 6 hourly

ta 3D temperature K 3 or 6 hourly
ua 3D u wind ms-1 3 or 6 hourly
va 3D v wind ms-1 3 or 6 hourly

p 3D pressure Pa 3 or 6 hourly
z9 3D geopotential height m 3 or 6 hourly
ps 2D surface pressure Pa 3 or 6 hourly
psl 2D sea surface pressure Pa 3 or 6 hourly
mrso 3D soil moisture kg m-2 3 or 6 hourly
ts skin temperature K 3 or 6 hourly
tas 2D surface temperature K 3 or 6 hourly
uas 2D surface u wind ms-1 3 or 6 hourly
vas 2D surface v wind ms-1 3 or 6 hourly
huss 2D surface specific humidity % 3 or 6 hourly
siconc 2D sea ice area percentage % 3 or 6 hourly
tsl soil temperature K 3 or 6 hourly

land cover type / land cover/land use - annual

landuse




Table S2. List of WRF parameterisations used in the phase |
(N=36) tests. PBL = planetary boundary layer; SW = shortwave
radiation; LW = longwave radiation

. . . . Sw LW Land Surface
RCM Configuration ID PBL Microphysics ~ Cumulus Radiation Radiation Model

010601040402 YSU WSM6 KF RRTMG RRTMG Noah Unified
010601040405 YSU WSM6 KF RRTMG RRTMG CLM
010602040402 YSU WSM6 BMJ RRTMG RRTMG Noah Unified
010602040405 YSU WSM6 BMJ RRTMG RRTMG CLM
010606040402 YSU WSM6 Tiedtke RRTMG RRTMG Noah Unified
010606040405 YSU WSM6 Tiedtke RRTMG RRTMG CLM
010801040402 YSU Thompson KF RRTMG RRTMG Noah Unified
010801040405 YSU Thompson KF RRTMG RRTMG CLM
010802040402 YSU Thompson BMJ RRTMG RRTMG Noah Unified
010802040405 YSU Thompson BMJ RRTMG RRTMG CLM
010806040402 YSU Thompson Tiedtke RRTMG RRTMG Noah Unified
010806040405 YSU Thompson Tiedtke RRTMG RRTMG CLM
050601040402 MYNN2 WSM6 KF RRTMG RRTMG Noah Unified
050601040405 MYNN2 WSM6 KF RRTMG RRTMG CLM
050602040402 MYNN2 WSM6 BMJ RRTMG RRTMG Noah Unified
050602040405 MYNN2 WSM6 BMJ RRTMG RRTMG CLM
050606040402 MYNN2 WSM6 Tiedtke RRTMG RRTMG Noah Unified
050606040405 MYNN2 WSM6 Tiedtke RRTMG RRTMG CLM
050801040402 MYNN2 Thompson KF RRTMG RRTMG Noah Unified
050801040405 MYNN2 Thompson KF RRTMG RRTMG CLM
050802040402 MYNN2 Thompson BMJ RRTMG RRTMG Noah Unified
050802040405 MYNN2 Thompson BMJ RRTMG RRTMG CLM
050806040402 MYNN2 Thompson Tiedtke RRTMG RRTMG Noah Unified
050806040405 MYNN2 Thompson Tiedtke RRTMG RRTMG CLMm
070601040402 ACM2 WSM6 KF RRTMG RRTMG Noah Unified
070601040405 ACM2 WSM6 KF RRTMG RRTMG CLM
070602040402 ACM2 WSM6 BMJ RRTMG RRTMG Noah Unified
070602040405 ACM2 WSM6 BMJ RRTMG RRTMG CLM
070606040402 ACM2 WSM6 Tiedtke RRTMG RRTMG Noah Unified
070606040405 ACM2 WSM6 Tiedtke RRTMG RRTMG CLM
070801040402 ACM2 Thompson KF RRTMG RRTMG Noah Unified
070801040405 ACM2 Thompson KF RRTMG RRTMG CLM
070802040402 ACM2 Thompson BMJ RRTMG RRTMG Noah Unified
070802040405 ACM2 Thompson BMJ RRTMG RRTMG CLM
070806040402 ACM2 Thompson Tiedtke RRTMG RRTMG Noah Unified
070806040405 ACM2 Thompson Tiedtke RRTMG RRTMG CLM




Fig. S1 WRF namelist settings for the CORDEX-CMIP6
NARCIiM2.0 RCMs R3-R5: left panel shows physics
settings for each RCM; right panel shows settings
universal to the RCMs.
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Fig S2. Australia, its states (NT=Northern Territory; QLD=Queensland; NSW=New South Wales; ACT = Australian Capital Territory; VIC = Victoria; SA = South
Australia; WA = Western Australia), and major cities. Inset: Natural Resource Management (NRM) regions/climate zones (NA = Northern Australia; EA = Eastern

Australia; SA = Southern Australia; RA = Rangelands).



Monthly mrsos for EC-Earth3-Veg NARCIIMZ2-0-WRF412R.3
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Monthly mrsos for MPI-ESM1-2-HR NARCIIM2-0-WRF412R3
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Fig S3. Natural Resource Management (NRM) regionally
averaged soil moisture time series (1950-1954) for the EC-
Earth3-Veg-forced R3 RCM (top) and MPI-ESM1-2-HR-forced R3
RCM (bottom) simulations. NA=Northern Australia, EA=Eastern
Australia, R=rangelands, and SA=Southern Australia
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Fig. S4 Annual mean near-
surface atmospheric maximum
temperature biases for
NARCIiM2.0, 1.5 and 1.0
ensemble means and individual
ensemble members with
respect to Australian Gridded
Climate Data (AGCD)
observations for 1990-2009.
Stippled areas indicate locations
where an RCM shows
statistically significant bias (P <
0.05). Significance stippling for
the ensemble mean bias follows
Tebaldi et al. (2011). Statistically
insignificant areas are shown in
colour, denoting that less than
half of the models are
significantly biased. In significant
agreeing areas (stippled), at
least half of RCMs are
significantly biased, and at least
70% of significant RCMs in each
ensemble agree on the direction
of the bias. Significant
disagreeing areas are shown in
hatching, which are where at
least half of the models are
significantly biased and less than
70% of significant models in
each ensemble agree on the
bias direction. Panel boundaries
for ensemble means (b,m,t) in
green (red) indicate the RCMs
with lowest (highest) area-
averaged mean absolute biases.
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Fig. 5 DJF mean near-surface
atmospheric maximum
temperature biases for
NARCIiM2.0, 1.5 and 1.0
ensemble means and individual
ensemble members with
respect to Australian Gridded
Climate Data (AGCD)
observations for 1990-2009.
Stippling as per Fig.54.



AGCD Observations (JJA)

a a4 B

40°s

12 16 20 24 28 32 36 40

Degrees Celsius
N2.0 MPI-ESM1-2-HR R3 A (JJA)

9 4

X |bias| 1.61 Y
X bias -1.6 -

40°s

% |bias| 1.39
Xbias-135 i

N2.0 ACCESS-ESM-1 R3 A (JJA)
ps = R

X |bias| 1.36
x bias -1.22

N2.0 ACCESS-ESM-1 R5 A (JJA)
. -1 R: 2

X |bias| 0.95 -
Xbias-0.66

N2.0 EC-Eart|
e

h3-Veg R3 A (JJA)
e T

X |bias| 0.85 L
x bias -0.38 o

N2.0 EC-Earth3-Veg RS A (1JA)
f e 7 )

X |bias] 0.91
X bias 0.08 w

N2.0 MPI-ESM1-2-HR R5 A (JJA)
h 2

X |bias| 1.09 ‘i
xbias-1.07 g

% |bias| 2.39 WS
Xbias-2.35

YR
X |bias| 1.69
Xbias-1.63 &

N2.0 UK-ESM1-0-LL R3 A (JJA)
k > ¢ il

X |bias| 2.58 -
X bias -2.57 W

N2.0 UK-ESM1
I

-LL R5 A (3JA)
: Y

Y

X |bias| 2.1 4
X bias -2.08 ©

20°3

% |bias| 2.21

Y xbias-212  w

N1.5 CanESM2 WRFK A (JJA)

s . §

30°s

% |bias| 2.38 :
X bias -2.04 -

K3.0 R2 A (3IA)

X |bias| 2.79

v

X bias -2.78 -

N1.0 MIROC3.2 R2 A (JJA)
ae 3 .

X |bias| 2.96
X bias -2.96
120°E 130°E 140°E 150°E

N1.5 ACCESS1-0 WRFJ A (JJA)
n % v

% |bias| 2.2 W
Xbias-2.22 e

X |bias| 2.15
X bias -2.14 -

N1.0 CSIRO-MK3.0 R3 A (J]JA)
z pr g ~

X |bias| 2.78
X bias -2.77

N1.0 MIROC3.2 R3 A (JJA)
af P ‘

% |bias| 4.01
X bias -4.0 -
120°E 130°E 140°E 150°E

-3.5 -3.0 =25 -2.0
JJA mean max temperature (°C) mod

N1.5 ACCESS1-0 WRFK A (JJA)
o % | 4 -

x |bias| 2.78‘
X bias -2.76

N1.0 CCCMA3.1 R1 A (JJA)

X |bias| 1.06
X bias -0.96

X |bias| 1.37
X bias -1.33

120°E 130°E 140°E P 150°E

-1.5 -1.0 -0.5 0.

o -
el mi

N1.5 ACCESS1-3 WRFJ A (JIA)
P i : :

X |bias| 1.95 3
X bias -1.84 ‘o

N1.0 CCCMA3.1 R2 A (JJA)
v gt

X |bias| 1.39
X bias -1.32

N1.0 ECHAMS R2 A (JJA).
ab & 3

X |bias| 1.56
X bias -1.53 .
120°E 130°E 140°E 150°E

0.5 1.0 15 2.0

N1.5 ACCESS1-3 WRFK A (JJA)
a b "

X |bias| 1.6 i
X bias -1.3 -

4

N1.0 CCCMA3.1 R3 A (JJA)
w .

% |bias| 1.05
X bias -0.88 -

N1.0 ECHAMS R3 A (JJA)
ac 3 7

X |bias| 1.7
X bias -1.66

120°E 130°E 140°E E 150°E

2.

3.0
nus observations A (1990-2009)

N1.5 CanESM2 WRFJ A (JJA)
5 PR q

X |bias| 2.69 #
Xbias-2.55  ‘w

N1.0 CSIRO-MK3.0 R1 A (JJA)

X 3 —,

X |bias| 2.8 ’
X bias -2.8 -

=4

N1.0 MIROC3.2 R1 A (JJA)
ad e .

X |bias| 2.63

X bias -2.63

120°E 130°E 140°E 150°E

Fig. S6 JJA mean near-surface
atmospheric maximum
temperature biases for
NARCIiM2.0, 1.5 and 1.0
ensemble means and individual
ensemble members with
respect to Australian Gridded
Climate Data (AGCD)
observations for 1990-2009.
Stippling as per Fig.S4.
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Figure S15. GCM annual mean precipitation bias relative to AGCD observations
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Fig. $16 Climate change signals (1990-2009 versus 2060-2079) for annual mean precipitation for CMIP6 GCMs under SSP1-2.6 (left panel) and CMIP6 GCMs under
SSP3-7.0 (right panel) used to force NARCIiM2.0 RCMs.
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