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Sect. S1 NRM Super-clusters

Table S1. Climate and ecological characteristics used to define the NRM super-clusters (CSIRO and
Bureau of Meteorology, 2015).

Area

NRM super-cluster (1000 km?) Climate Zone Ecoregions
Eastern Australia 767 Subtropical (north) Temperate broadleaf and mixed forests
Temperate (south) Temperate grasslands, savannas and
Grassland (west) shrublands
Tropical and subtropical grasslands,
savannahs and shrublands
Northern Australia 2084 Equatorial (north Tropical and subtropical grasslands,
east) savannahs and shrublands
Tropical (north) Tropical and subtropical moist broadleaf
Subtropical (far east)  forests
Grassland (south)
Rangelands 4888 Grassland (scattered)  Deserts and xeric shrublands (majority)
Desert (majority) Mediterranean forests, woodlands and
scrubs (south west & far south)
Temperate grasslands, savannas and
shrublands (east)
Tropical and subtropical grasslands,
savannahs and shrublands (north east)
Southern Australia 1464 Subtropical (west Mediterranean forests, woodlands and

coast)
Temperate
Grassland

scrubs

Temperate broadleaf and mixed forests
Temperate grasslands, savannas and
shrublands

Montane grasslands and shrublands




14  Sect. S2 Goodness of fit
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16 Figure S1. Percentage of cells which pass the Shapiro-Wilk test at the 95% confidence level for normality following
17 application of the Gamma distribution for SPI and the Log-logistic distribution for SPEl. Each month is fitted
18 separately using data in the calibration period (1981-2010).
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Sect. S3 Changes to precipitation and PET
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Figure 52. Maps showing changes to the precipitation (columns a and b) and PET (columns ¢ and d) for the 2050s
and 2080s relative to the baseline period under SSP126 (row 1), SSP245 (row 2), and SSP370 (row 3). Hatching
shows where the signal-to-noise ratio > 1.0. For PET the signal-to-noise ratio > 1.0 in all grid cells, so the stippling
is not shown.
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Sect. S4 Changes to SPI and SPEI
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Figure S3. Timeseries of the multi-model ensemble average SPI and SPEI results for the four NRM regions

considered under SSP126.
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Figure S4. Timeseries of the multi-model ensemble average SPI and SPEI results for the four NRM regions

considered under SSP245.
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Figure S5. Timeseries of the multi-model ensemble average SPI and SPEI results for the four NRM regions

considered under SSP370
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Figure S6. Timeseries results for SPI and SPEI calculated as a 20-year moving average for each climate model
considered with the model average shown in red for each of the regions under the SSP126 scenario. Dotted lines
show the time taken for the ensemble average value to shift by 10% and 20% (according to the Z-score).
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Figure S7. Timeseries results for SPI and SPE| calculated as a 20-year moving average for each climate model
considered with the model average shown in red for each of the regions under the SSP245 scenario. Dotted lines
show the time taken for the ensemble average value to shift by 10% and 20% (according to the Z-score).
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Eastern Australia: 20-year moving average
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Figure S8. Timeseries results for SPI and SPEI calculated as a 20-year moving average for each climate model
considered with the ensemble average shown in red for each of the emissions scenarios for Eastern Australia.
Dotted lines show the time taken for the ensemble average value to shift by 10% and 20% (according to the Z-
score).

Northern Australia: 20-year moving average
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Figure S9. Timeseries results for SPI and SPE| calculated as a 20-year moving average for each climate model
considered with the ensemble average shown in red for each of the emissions scenarios for Northern Australia.
Dotted lines show the time taken for the ensemble average value to shift by 10% and 20% (according to the Z-
score).
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Southern Australia; 20-year moving average
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Figure S10. Timeseries results for SPI and SPEI calculated as a 20-year moving average for each climate model
considered with the ensemble average shown in red for each of the emissions scenarios for Southern Australia.
Dotted lines show the time taken for the ensemble average value to shift by 10% and 20% (according to the Z-
score).



Sect. S5 Changes to drought extent

Model ensemble average area in drought

71
72

73

74

75
76

77

78

79

SPI SPEI
100 (a1) (b1) m
75 2
- Lishssdmabonhd o [
| | z
| Iy LRy 1 | A | L) 2
S i Wi Iy _’J". ‘f\\"\'.*vxr‘l‘" ! ‘.\""«JA. .‘"‘Y“.«"f\“\i‘ir,l\;““,'\}\t-"‘"‘ \'\»"n\, Al WA ‘*', I A1, ‘l.—-‘v":#'*" ,f;/” “N"v‘ H-}Jw ' \J\V it ‘-aﬂ =
0 ) ) i
1004(a2) (b2) z
o
75 e
50 | =
g - L T
£ ‘ b \ m i LA ot g b B N e 5
g 51wk b L w.,.._"’a - i oy b / ._,_M,,-V,_wufw\'“\" Anttiin Agt N i, b ROk i, M“J""\w o e Lt Wﬁ\j m WA i
a 0 d A ] w o
o
z 100 {(a3) (b3)
§ 75 7
50 i k3
5
o AL A (2
21l b hahard ke shehn PPN ST oA ol ;M/'f' Aﬁ LRrT . A z
o y y !
100 {(a4) (b4) P
2
75 s
€«
50 3
I A i z
, A AT wh o s Athr |2
81 s s i ,'w,«.p*.’*\m_;\v‘\;J’“;W‘/"mv “’”WW&"WM\J';-M-J.I"I‘?V bk 1AL o M Y s 3
o By
1980 2000 2020 2040 2060 2080 2100 1980 2000 2020 2040 2060 2080 2100
Date
Drought categories: Moderate Severe . Exlreme

Figure S11. Timeseries of the multi-model ensemble area in drought for SPI and SPEI results for the four NRM
regions considered under SSP126.
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Figure S12. Timeseries of the multi-model ensemble area in drought for SPI and SPEI results for the four NRM
regions considered under SSP245.
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Table S2. Projected absolute percent change to the percent of time spent in different drought and
wetness categories by the 2050s and 2090s compared to the reference period (1995-2014) using the
ensemble average under SSP245. Red colours denote larger increases, while green colours denote

decreases.
Eastern Australia Northern Australia Rangelands Southern Australia
Index Category 2050s  2090s 2050s 2090s 2050s 2090s  2050s 2090s
Extreme drought 1.86 1.65 0.74 1.77 0.55 0.46 2.97 4.05
Severe drought 1.35 1.53 0.72 2.22 0.48 0.65 2.17 2.75
Moderate drought 1.26 1.53 0.76 3.1 0.08 0.55 1.71 2.55
o Near normal -0.38 -1.27 -0.53 -4 =18 -2 -6.17 -7
Moderate wetness -2.5 -2.13 -1.22 -2.4 -045 -1.01 -1.35 -2.27
Severe wetness -1.28 -1.08 -0.67 -0.94 0.06 -0.1 -0.3 -0.81
Extreme wetness -0.32 -0.23 0.2 0.25 1.19 1.45 0.97 0.73
Extreme drought 4.06 6.28 2.49 5.28 6.66 11.64 7.73 13.39
Severe drought 3.73 6.04 3.45 6.69 6.1 9.36 6.04 9.16
Moderate drought ~ 3.91 5.01 3.06 6.12 3.6 5.86 4.36 5.85
g Near normal -3.54 -7.6 -2.52 -9.12 -895 -17.09 -11.03 -18.14
Moderate wetness ~ -4.59 -5.34 -3.58 -5.64 -4.74  -6.63 -4.6 -6.49
Severe wetness -3.12 -3.66 -2.59 -3.03 -2.85  -3.42 -2.72 -3.76
Extreme wetness -0.6 -0.97 -0.34 -0.42 -0.05 -0.25 -0.04 -0.52

Table S3. Projected absolute percent change to the percent of time spent in different drought and

wetness categories by the 2050s and 2090s compared to the reference period (1995-2014) using the

ensemble average under SSP126. Red colours denote larger increases, while green colours denote

decreases.
Eastern Australia Northern Australia Rangelands Southern Australia

Index Category 2050s 2090s  2050s 2090s 2050s 2090s 2050s 2090s
Extreme drought 1.15 1.18 1.05 1.84 0.73 1.05 2.27 2.08

Severe drought 1.46 0.8 1.37 1.97 0.85 1 1.97 1.6
Moderate drought 1.19 0.86 1.81 2.3 0.75 0.97 1.96 1.55
o Near normal 0.17 2.42 -1.67 -2.51 -2.1 -1.53 -4.6 -3.39
Moderate wetness  -2.18 -2.65 -1.78 -2.45 -093 -1.45 -1.82 -1.86

Severe wetness -1.35 -1.75 -0.8 -1.15 -0.22 -0.5 -0.63 -0.82

Extreme wetness -0.44 -0.86 0.02 0 0.92 0.47 0.85 0.84

Extreme drought 3.59 3.64 3.05 4.5 6.12 6.88 6.83 6.38

Severe drought 3.43 3.38 4.12 5.17 5.75 7.07 5.84 5.65
Moderate drought 3.1 3.6 421 471 3.99 5.22 4.23 491
g Near normal -2.68 -1.14 -5.21 -6.85 -9.47 -11.13  -10.42 -9.57
Moderate wetness ~ -3.97 -5.09 -3.66 -4.6 -4.22 -4.9 -4.28 -4.81
Severe wetness -3.05 -3.63 -2.32 -2.78 -242 -2.95 -2.61 -2.86

Extreme wetness -0.56 -0.9 -0.25 -0.28 0.05 -0.39 0.18 0.15

11
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Figure S13. Probability density function plot the percent area under moderate drought using SPI values from the
weighted averaged of the model ensemble for the baseline (1995-2014), 2050s (2041-2060), and 2090s (2081-
2100). Results are shown for the three SSPs in the four NRM regions considered. Dotted lines show mean values
and percents show the difference in the overlap between the future and baseline densities.
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Figure S14. Probability density function plot the percent area under moderate drought using SPEI values from the
weighted averaged of the model ensemble for the baseline (1995-2014), 2050s (2041-2060), and 2090s (2081-
2100). Results are shown for the three SSPs in the four NRM regions considered. Dotted lines show mean values
and percents show the difference in the overlap between the future and baseline densities.
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Sect. S6 Changes to drought metrics
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Figure S15. Maps showing changes to the percent time (rows 1 to 2), frequency (rows 3 to 4), and duration (rows
5 to 6) of moderate to extreme droughts according to SPI (columns a, b, and c) and SPEI (column d, e, and f) for
the 2050s and 2080s relative to the baseline period. Hatching shows where the signal-to-noise ratio > 1.0.
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Figure S16. Maps showing changes to the percent time (rows 1 to 2), frequency (rows 3 to 4), and duration (rows
5 to 6) of extreme droughts under SSP126 according to SPI (columns a, b, and c) and SPEI (column d, e, and f) for
the 2050s and 2080s relative to the baseline period. The multi-model ensemble average is shown with the 10-90t
percentile.
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Figure S17. Maps showing changes to the percent time (rows 1 to 2), frequency (rows 3 to 4), and duration (rows
5 to 6) of extreme droughts under SSP245 according to SPI (columns a, b, and c) and SPEI (column d, e, and f) for
the 2050s and 2080s relative to the baseline period. The multi-model ensemble average is shown with the 10-90t
percentile.
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122 Figure S18. Maps showing changes to the percent time (rows 1 to 2), frequency (rows 3 to 4), and duration (rows
123 5 to 6) of extreme droughts under SSP370 according to SPI (columns a, b, and c) and SPEI (column d, e, and f) for
124 the 2050s and 2080s relative to the baseline period. The multi-model ensemble average is shown with the 10-90t
125 percentile.
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Figure S19. Maps showing changes to the percent time (rows 1 to 2), frequency (rows 3 to 4), and duration (rows
5to 6) of moderate to extreme droughts under SSP126 according to SPI (columns a, b, and c) and SPEI (column d,
e, and f) for the 2050s and 2080s relative to the baseline period. The multi-model ensemble average is shown with
the 10-90" percentile.
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134 Figure S20. Maps showing changes to the percent time (rows 1 to 2), frequency (rows 3 to 4), and duration (rows
135 5to 6) of moderate to extreme droughts under SSP245 according to SPI (columns a, b, and c) and SPEI (column d,
136 e, and f) for the 2050s and 2080s relative to the baseline period. The multi-model ensemble average is shown with
137  the 10-90" percentile.
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Figure S21. Maps showing changes to the percent time (rows 1 to 2), frequency (rows 3 to 4), and duration (rows
5to 6) of moderate to extreme droughts under SSP370 according to SPI (columns a, b, and c) and SPEI (column d,
e, and f) for the 2050s and 2080s relative to the baseline period. The multi-model ensemble average is shown with
the 10-90" percentile.
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Figure S22. Changes to the percent time, frequency, and duration of extreme droughts using SPI and SPEI in the
2090s compared to the baseline period. The box and whisker plot shows the interquartile range (box), and the
median (bar), while the whiskers extend from the box to the furthest datapoint within 1.5x the interquartile range.
Dots show projections for each of the climate models.
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Figure S23. Changes to the percent time, frequency, and duration of moderate to extreme droughts using SPl and
SPEl in the 2050s compared to the baseline period. The box and whisker plot shows the interquartile range (box),
and the median (bar), while the whiskers extend from the box to the furthest datapoint within 1.5x the interquartile
range. Dots show projections for each of the climate models.
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157 Figure 524. Changes to the percent time, frequency, and duration of moderate to extreme droughts using SPl and
158 SPEl in the 2090s compared to the baseline period. The box and whisker plot shows the interquartile range (box),
159 and the median (bar), while the whiskers extend from the box to the furthest datapoint within 1.5x the interquartile
160 range. Dots show projections for each of the climate models.
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Figure 525. Interannual variability of SPI values in Eastern Australia for all climate models under SSP370.
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168 Figure S26. Interannual variability of SPI values in Northern Australia for all climate models under SSP370.



Averaged SPI12 values: Rangelands
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170 Figure S27. Interannual variability of SPI values in Rangelands for all climate models under SSP370.



Averaged SPI12 values: Southern Australia
ACCESS-CM2_CCAM100c_r2i1p1fl

24
33 — = A nlsadhis h [ TPV ) ‘.'Aﬂ,,ﬂ, Jak - =
kE AL, ‘"""v-"“v' Al By o e wegreliby il a4 A

ACCESS-ESM1-5_CCAM10_r8i1p1f1
s ana S AL D R A Bacadiie 2 L Bt g
ACCESS-ESM1-5_CCAM100¢_r20i1p1f1
2=
:g E rl“v“‘r"“-r‘#‘p“‘w‘wrw“"vlv""vlw- ‘-W‘Y"‘r‘vwv ww‘“«“-‘.w.mm
ACCESS-ESM1-5_CCAM100c_r40i1p1f1
—— e = Sa atada o LALL A
i o R L J*r‘rv""‘ ""'Y“w““" s o m
% LRS- AA'AWP_AA'AFAWWAWWMAWWW iy
CNRM-CM86-1-HR_CCAMI10_rii1pif2
2
e o e W P
2=
CNRM-CM8-1-HR_CCAM10oc_r1ilpif2
y‘,h«wﬁd‘,w-«"mwﬂ».wﬁwﬁwluﬁwm%mnﬂmdw
EC-Earth3_CCAM10_1i1p1fi
g I ,m-l-m.vl.-,"tf'.‘ ..,.‘_.‘..u,,w,‘,,u‘.‘-".,,..'h ”Y’"‘F"""'”F"“‘"’“V““T"”’F‘”""A"h"w‘l“w‘
FGOALS-g3_CCAM10_rdifp1fi
w-'”v“w"‘v‘v“vr“‘r““‘w‘-‘y‘v“r"-v““““*““‘"v‘v"v““"““‘“v"‘”'*““y‘v“x*y“"‘w“"‘"n*‘f”ﬂh'
GFDL-ESM4_CCAM10_r1i1pifl
.,Aim',y,wﬁw,}'%.'.x e M Mwm,u,»ﬁhwn.ﬁ«w
GISS-E2-1-G_CCAM10_r2i1p1f2
loia, .»-,klumwmw%w‘&r%ﬂ'%‘#.‘,ﬁ M~WM‘W~’ ,.‘a-,"‘ww
MPI-ESM1-2-LR_CCAM10_r9i1p1f1
‘-r-“‘r'w""w‘vwv"‘rv“v"“vu‘-—‘v"‘-"-r‘*" o "“"vavh"“‘"‘v'v‘--ﬁvr" e “*vaww‘“‘n
MRI-ESM2-0_CCAM10_r1i1p1f1
5
_|:3 g Mv"vr‘w«"'w““ﬁw‘*ﬁ*-vwr" "A'AYN-M‘Y‘“‘M'WH'WW"“JTH%
NorESM2-MM_CCAM10_ri1pifl
:gé "“"“ﬁ“-v“"‘w“h"w%‘”mwrwfvfwww%w = ' iy
) \_CCAM100c_r1i1p1f1
% M*“""‘T”‘"“"’*A'“TW“”“vwv"‘"“f‘w"“'“*"'TW""W”""'“T‘W'L""'"*W
1980 2000 2020 2040 2060 2080 2100

Date

SPI: . Wetness . Drought
171
172 Figure S28. Interannual variability of SPI values in Southern Australia for all climate models under SSP370.



Averaged SPEI2 values: Eastern Australia
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174 Figure S29. Interannual variability of SPEI values in Eastern Australia for all climate models under SSP370.



175

Averaged SPEI2 values: Northern Australia
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177 Figure 530. Interannual variability of SPEl values in Northern Australia for all climate models under SSP370.
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Averaged SPI12 values: Eastern Australia
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187 Figure S33. Interannual variability of SPI values in Eastern Australia for all climate models under SSP245.
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197 Figure S37. Interannual variability of SPEl values in Eastern Australia for all climate models under SSP245.
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200 Figure 538. Interannual variability of SPEl values in Northern Australia for all climate models under SSP245.
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Figure $39. Interannual variability of SPEI values in Rangelands for all climate models under SSP245.
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210 Figure 541. Interannual variability of SPI values in Eastern Australia for all climate models under SSP126.
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213 Figure 542. Interannual variability of SPI values in Northern Australia for all climate models under SSP126.



Averaged SPI12 values: Rangelands
ACCESS-CM2_CCAM100c_r2i1p1fl

R e e e
- ACCESS-ESM1-5_CCAM10_ri1p1f1
|
) NS S-S oA ooe 2
5 A am, WWMVW’MWWWW"WWW‘
ACCESS-ESH1-5. CAMIDoc et
2
£ Ay bty gt A e e Ty Y -y
':) o & "“"*‘r“v"'"v“'-‘w"““w‘v“v""-r’“"Ar' L ante o o)
- CNRM-CM6-1-HR_CCAMI0_rii1pif2
e R T R A LA e B e
ONRI-GHE1-HR_CGAM1000_ 1512
D et a il A M B e Mt a0
e e e S e L
7 FGOALS-g3_CCAM10_rdi1p1f
L e P L E e S B e
_ GFDL-ESMA4_CCAMID_r1i1pift
DA A h M ek MR bt b b b
1SS.£2:1-6_COMMI0 a2
B A e B e e e L e O
R T o
WRLESAIZ0_ COANIO_fpi
T l L P N P VRS0 PSS
“ NorESM2-MM_CCAM10_ri1pifl
g '%M‘*"‘“'ww‘,-Ar“"‘wv“ﬁ‘w‘ﬁ'r-"-‘rwﬁw‘*w T“w“"‘wvr' v ey vt
IS A S e Al 0 MR o f Dt eiuidtad . s B gt el
1980 2000 2020 20§2te 2080 2080 2100

SPI: . Wetness . Drought
214
215 Figure 543. Interannual variability of SPI values in Rangelands for all climate models under SSP126.



Averaged SPI12 values: Southern Australia
ACCESS-CM2_CCAM100c_r2i1p1fl

24
‘:) E 'YAYL '*'v"J"“'“""""v""““‘""‘Y“"WAW“"YA*“fv“vv*“r"“'rw“w’*r"‘f'*"‘wr"v“‘t‘n"‘"w"‘v““‘"’
13

ACCESS-ESM1-5_CCAM10_r6i1p1f1
igé 1“‘ y “-h e L W " '-" - ""‘w v wmﬁ‘vwﬁ--%
ACCESS-ESM1-5_CCAM100¢_r20i1p1f1
2=
1 e o A WW = -, - .
i Hytye i A L SR LB AL Ase V""va‘w“w“‘ "r--‘
ACCESS-ESM1-5_CCAM100c_r40i1p1f1
2
23
1 D e e A AT ey vy eyy
CMCC-ESM2_CCAM10_ri1p1fl
gg l.‘_.,mw'"/“- 'lh'hwkw‘wl‘.h‘#'w“ Y ,A,'p‘ “An' ","-W‘.«,L A.\
CNRM-CM86-1-HR_CCAMI10_rii1pif2
24
£ Ayl g e Aty A A Ay g
CNRM-CM8-1-HR_CCAM10oc_r1ilpif2
Wyttt gy b gy B g g il M g A b
EC-Earth3_CCAM10_1i1p1fi
g_ v‘""nﬂ("‘f“'t‘"" et **‘-W‘w“-'v‘wﬁw‘vﬁmw'*‘r“"‘"“‘v“w‘v”“ ey
FGOALS-g3_CCAM10_rdi1p1f1
e e e i Ve
GFDL-ESM4_CCAM10_r1i1pifl
s 2 o o e
GISS-E2-1-G_CCAM10_r2i1p1f2
ol Al g Ml Ay g g MM g w’vF"'w"rnw*“f“rw~-f"‘“w“N_¢‘-rw‘r‘“wf'wwv-»
MPI-ESM1-2-LR_CCAM10_r9i1p1f1
.T"hr'w"‘w"'ﬂ‘-"""‘vuw‘u""'w#‘.ﬁ‘ﬁ‘ i‘ﬁ"‘"‘r’vw“w‘wf\w“‘““"j"“ v‘"»r'-"ﬂ—'r""»‘ L lama ".VA-‘
MRI-ESM2-0_CCAM10_r1i1p1f1
2
bE VM,A.,,.AA,MAV,,A«,A%-A, \h.l.ly»,l,.ﬂhl'l‘..,ﬁwww.l, uA.‘ﬂ.ﬂ,“-“J
ok
NorESM2-MM_CCAM10_ri1pifl
2
:55 yoirhewhs “f“""”“"“'“*HW“*W‘W‘V‘TVW’W"‘Y‘"“YW‘V*W‘WTW‘\
NorESM2Z-MM_CCAM10cc_r1i1p1f1
2
2
A A e Sa L E s AR e LR A S Adn gt L A8 2 e Lan
1980 2000 2020 2040 2080 2080 2100

Date

SPI: . Wetness . Drought
216

217 Figure 544. Interannual variability of SPI values in Southern Australia for all climate models under SSP126.
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Figure 545. Interannual variability of SPEI values in Eastern Australia for all climate models under SSP126.

43



221

Averaged SPEI2 values: Northern Australia
ACCESS-CM2_CCAM100c_r2i1p1fl

L T S W PON S SN P S S\ S
= At Ar o gy hiie g Pryreye? Cxrr e YT
B T
——

SR e P e e S
e

e ‘H‘“ﬂ"vﬁ‘ﬁ‘ﬁy‘w-”:{i:iﬁv“rwmmpm e e
e
e
a0 20 2020 2540 250 2ok0 2150

Date

SPEI: . Wetness . Drought
222

223 Figure 546. Interannual variability of SPEI values in Northern Australia for all climate models under SSP126.



Averaged SPEI12 values: Rangelands
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225 Figure 547. Interannual variability of SPEI values in Rangelands for all climate models under SSP126.
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Figure 548. Interannual variability of SPEI values in Southern Australia for all climate models under SSP126.
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