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Figure S1. Population trends from 2020 to 2090 based on decadal linear regression at
the 0.05 significance level: (a) SSP1, (b) SSP2, (c) SSP3, and (d) SSP5.



Figure S2. Climate reference regions used in this study.
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Figure S3. Annual record-breaking probability projections of multimodel medians for
different climate extreme indices in the SSP1-2.6 scenario for the late-21st century: (a)
PRCPTOT, (b) RX1D, (c) R50, (d) Tx90p, (e) HW, (f) Tn90p, (g) SFH, and (h) CDHW. The
rings show the percentages of pixels at different record-breaking probability levels; the
stacked charts demonstrate the proportions of record-breaking probability at each level
at different latitudes.
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Figure S4. Annual record-breaking probability projections of multimodel medians for
different climate extreme indices in the SSP2-4.5 scenario for the late-21st century: (a)
PRCPTOT, (b) RX1D, (c) R50, (d) Tx90p, (e) HW, (f) Tn90p, (g) SFH, and (h) CDHW.
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Figure S5. Annual record-breaking probability projections of multimodel medians for
different climate extreme indices in the SSP5-8.5 scenario for the late-21st century: (a)
PRCPTOT, (b) RX1D, (c) R50, (d) Tx90p, (e) HW, (f) Tn90p, (g) SFH, and (h) CDHW.
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Figure S6. Trends in multimodel median record-breaking probabilities for different
indices from the 2020s to 2090s based on decadal linear regression at the 0.05
significance level in the SSP1-2.6 scenario: (a) PRCPTOT, (b) RX1D, (c) R50, (d) Tx90p, (e)
HW, (f) Tn90p, (g) SFH, and (h) CDHW.
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Figure S7. Trends in multimodel median record-breaking probabilities for different
indices from the 2020s to 2090s based on decadal linear regression at the 0.05
significance level in the SSP2-4.5 scenario: (a) PRCPTOT, (b) RX1D, (c) R50, (d) Tx90p, (e)
HW, (f) Tn90p, (g) SFH, and (h) CDHW.
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Figure S8. Trends in multimodel median record-breaking probabilities for different
indices from the 2020s to 2090s based on decadal linear regression at the 0.05
significance level in the SSP3-7.0 scenario: (a) PRCPTOT, (b) RX1D, (c) R50, (d) Tx90p, (e)
HW, (f) Tn90p, (g) SFH, and (h) CDHW.
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Figure S9. Trends in multimodel median record-breaking probabilities for different
indices from the 2020s to 2090s based on decadal linear regression at the 0.05
significance level in the SSP5-8.5 scenario: (a) PRCPTOT, (b) RX1D, (c) R50, (d) Tx90p, (e)
HW, (f) Tn90p, (g) SFH, and (h) CDHW.
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Figure S10. EAE projections of multimodel medians for different climate extreme indices
in the SSP1-2.6 scenario for the late-21st century: (a) PRCPTOT, (b) RX1D, (c) R50, (d)
Tx90p, (e) HW, (f) Tn90p, (g) SFH, and (h) CDHW. The rings show the percentages of
pixels at different population exposure levels; the stacked charts demonstrate the
proportions of population exposure at each level at different latitudes.
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Figure S11. EAE projections of multimodel medians for different climate extreme indices
in the SSP2-4.5 scenario for the late-21st century: (a) PRCPTOT, (b) RX1D, (c) R50, (d)
Tx90p, (e) HW, (f) Tn90p, (g) SFH, and (h) CDHW.
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Figure S12. EAE projections of multimodel medians for different climate extreme indices
in the SSP5-8.5 scenario for the late-21st century: (a) PRCPTOT, (b) RX1D, (c) R50, (d)
Tx90p, (e) HW, (f) Tn90p, (g) SFH, and (h) CDHW.
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Figure S13. Subcontinental EAE projections of multimodel medians for different climate
extreme indices in the SSP1-2.6 scenario for the late-21st century: (a) PRCPTOT, RX1D,
R50, and SFH, (b) Tx90p, HW, Tn90p, and CDHW, and (c) regional percentage of the total

global EAE.
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Figure S14. Subcontinental EAE projections of multimodel medians for different climate
extreme indices in the SSP2-4.5 scenario for the late-21st century: (a) PRCPTOT, RX1D,
R50, and SFH, (b) Tx90p, HW, Tn90p, and CDHW, and (c) regional percentage of the total

global EAE.
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Figure S15. Subcontinental EAE projections of multimodel medians for different climate
extreme indices in the SSP5-8.5 scenario for the late-21st century: (a) PRCPTOT, RX1D,
R50, and SFH, (b) Tx90p, HW, Tn90p, and CDHW, and (c) regional percentage of the total

global EAE.
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Figure S16. Multimodel median EAE growth rates for different climate extreme indices
projected under the SSP1-2.6 scenario from the 2020s to 2090s: (a) PRCPTOT, (b) RX1D,
(c) R50, (d) Tx90p, (e) HW, (f) Tn90p, (g) SFH, and (h) CDHW. The rings show the
percentage of pixels at different EAE trend levels; the stacked charts demonstrate the
percentage of EAE growth rates at each level at different latitudes.
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Figure S17. Multimodel median EAE growth rates for different climate extreme indices
projected under the SSP2-4.5 scenario from the 2020s to 2090s: (a) PRCPTOT, (b) RX1D,
(c) R50, (d) Tx90p, (e) HW, (f) Tn90p, (g) SFH, and (h) CDHW.
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Figure S18. Multimodel median EAE growth rates for different climate extreme indices
projected under the SSP3-7.0 scenario from the 2020s to 2090s: (a) PRCPTOT, (b) RX1D,
(c) R50, (d) Tx90p, (e) HW, (f) Tn90p, (g) SFH, and (h) CDHW.
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Figure S19. Multimodel median EAE growth rates for different climate extreme indices
projected under the SSP5-8.5 scenario from the 2020s to 2090s: (a) PRCPTOT, (b) RX1D,
(c) R50, (d) Tx90p, (e) HW, (f) Tn90p, (g) SFH, and (h) CDHW.
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Figure S20. Contributions of record-breaking probability growth and population growth
to the multimodel median EAE growth rates for different climate extreme indices
projected under the SSP1-2.6 scenario: (a) PRCPTOT, (b) RX1D, (c) R50, (d) Tx90p, (e) HW,
(f) Tn90p, (g) SFH, and (h) CDHW. The histograms depict the probability densities at
different contribution levels.
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Figure S21. Contributions of record-breaking probability growth and population growth
to the multimodel median EAE growth rates for different climate extreme indices
projected under the SSP2-4.5 scenario: (a) PRCPTOT, (b) RX1D, (c) R50, (d) Tx90p, (e) HW,
(f) Tn90p, (g) SFH, and (h) CDHW. The histograms depict the probability densities at
different contribution levels.

22



g
8y

2
@/ 1o

i

30°S

g pr e
&
A
Probabllity
s
i
Probabliity

508

PRCPTOT

180° 120°W  60°W o 60°E  120°E 180° 180° 120°W  60°W 0° 60°E  120°E 180°

r £5 %2
H \E:&3
k- Z £
& & &
60°S™_ 605 5
e g ey e —m TR

180° 120°W  60°W o 60°E  120°E 180° 180° 120°W  60°W 0° 60°E  120°E 180°

58323 553123
g3 gzae L
191 I93
g i g £

60°S 60°8™

o/

e

180° 120°W  60°W o 60°E  120°E  180°

31z £ 5 E4%
i3 g5 §3¢

2 Y

g 3 g

& 60°8 &

- el e o o S

180°  120°W  60°W  0°  60°E  120°E 180° 180°  120'W  60°W 00 G0°E  120°E  180°
100% equal 100%
population probability

Figure S22. Contributions of record-breaking probability growth and population growth
to the multimodel median EAE growth rates for different climate extreme indices
projected under the SSP5-8.5 scenario: (a) PRCPTOT, (b) RX1D, (c) R50, (d) Tx90p, (e) HW,
(f) Tn90p, (g) SFH, and (h) CDHW. The histograms depict the probability densities at
different contribution levels.
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Figure S23. Subcontinental multimodel median EAE variations under the SSP1-2.6
scenario for different climate extreme indices from the 2020s to 2090s: (a) EAE growth
rates of PRCPTOT, RX1D, R50, and SFH, (b) EAE growth rates of Tx90p, HW, Tn90p, and
CDHW, and (c) Shares of population growth and record-breaking probability growth
contributing to the EAE increase in the 2020s and 2090s. The “x" symbols in panels (a)
and (b) denote nonsignificant EAE growth (p value <0.05).

0 025 05 075 10 025 05 075 10 025 05 075 10 025 05 075 10 025 05 075 10 025 05 075 10 025 05 075 10 025 05 075 1

24



[million persons per year]
07 107 10" 107 10" 10" w7 1w’ w0 w7 107 07 10" 0" w0t w07 w0f w07 10" w0 107 10

[million persons per decade] [million persons
! o 1 Lot Loy 0 025 05 075 10 025 05 075 10 025 05 075 10 025 05 075 10 025 05 075 10 025 05 075 10 025 05 075 10 025 05 075 1

1
> >
0 5 10 15 20 0 5 100 150 200 PRCPTOT RX1D RS0 SFH Tx90p HW Tn90p CDHW
" share of probability increases ' share of population increases @ 2020s ® 2090s

Figure S24. Subcontinental multimodel median EAE variations under the SSP2-4.5
scenario for different climate extreme indices from the 2020s to 2090s: (a) EAE growth
rates of PRCPTOT, RX1D, R50, and SFH, (b) EAE growth rates of Tx90p, HW, Tn90p, and
CDHW, and (c) shares of population growth and record-breaking probability growth
contributing to the EAE increase in the 2020s and 2090s.
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Figure S25. Subcontinental multimodel median EAE variations under the SSP5-8.5
scenario for different climate extreme indices from the 2020s to 2090s: (a) EAE growth
rates of PRCPTOT, RX1D, R50, and SFH, (b) EAE growth rates of Tx90p, HW, Tn90p, and
CDHW, and (c) shares of population growth and record-breaking probability growth
contributing to the EAE increase in the 2020s and 2090s. The “x" symbols in panels (a)
and (b) denote nonsignificant EAE growth (p value <0.05).

26



100%

(a) PRCPTOT (b) RX1D (c) R50 (d) Tx90p
=3 CAF 3 CAF =3 CAF =3 CAF
24 gs‘\s 50 gus 200 gsAs 50 Esns
EAS EAS SEA EAS
&4 175
40 w0
0 4
2 30 4 30 A
2
8 % A
20 4 20 4
2
w0 10 10 4
0+ 0+ X 0+
100% Populatior 100% Populatior 100% 100% Populatios
(e) HW (f) Tn90p () SFH (h) CDHW
45 25
14 =3 cAF 0 cAF 14 £33 caF =3 cAF
] ~ = =3 sas = sas
SEA 3 EAs 3 seA (=)
12 4 s 12 20 4
10 4 30 A 10
15 4
z 25 8
H

Figure S26. Distributions of the contributions to EAE growth rates in regions with the
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top three multimodel median EAE growth rates for each climate extreme index under the

SSP3-7.0 scenario: (a) PRCPTOT, (b) RX1D, (c) R50, (d) Tx90p, (e) HW, (f) Tn90p, (g) SFH,
and (h) CDHW.
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Table S1. Summary of the NEX-GDDP-CMIP6 data used in this study. Note
hurs, pr, tas, tasmax, and tasmin are %, kg m-2 s-1, K, K, and K, respectively.

: The units of

GCM Institute ID Variant Variables Spatial

resolution

ACCESS-CM2 CSIRO- rlilplfl hurs, pr, tas, tasmax, 0.25°%0.25°
ARCCSS tasmin

ACCESS-CM1-5 CSIRO rlilplfl hurs, pr, tas, tasmax, 0.25°x0.25°
tasmin

CanESM5 CCCma rlilplfl hurs, pr, tas, tasmax, 0.25°x0.25°
tasmin

CMCC-ESM2 CMCC rlilplfl hurs, pr, tas, tasmax, 0.25°%0.25°
tasmin

CNRM-CM6-1 CNRM- rlilplf2 hurs, pr, tas, tasmax, 0.25°x0.25°
CERFACS tasmin

CNRM-ESM2-1 CNRM- rlilplf2 hurs, pr, tas, tasmax, 0.25°x0.25°
CERFACS tasmin

EC-Earth3 EC-Earth- rlilplfl hurs, pr, tas, tasmax, 0.25°%0.25°
Consortium tasmin

EC-Earth3-Veg-LR EC-Earth- rlilplfl hurs, pr, tas, tasmax, 0.25°x0.25°
Consortium tasmin

GFDL-ESM4 NOAA-GFDL rlilplfl hurs, pr, tas, tasmax, 0.25°%0.25°
tasmin

GISS-E2-1-G NASA-GISS rlilplf2 hurs, pr, tas, tasmax, 0.25°%0.25°
tasmin

INM-CM4-8 INM rlilplfl hurs, pr, tas, tasmax, 0.25°x0.25°
tasmin

INM-CM5-0 INM rlilplfl hurs, pr, tas, tasmax, 0.25°%0.25°
tasmin

IPSL-CM6A-LR IPSL rlilplfl hurs, pr, tas, tasmax, 0.25°%0.25°
tasmin

KACE-1-0-G NIMS-KMA rlilplfl hurs, pr, tas, tasmax, 0.25°%0.25°
tasmin

MIROC6 MIROC rlilplfl hurs, pr, tas, tasmax, 0.25°%0.25°
tasmin

MIROC-ES2L MIROC rlilplf2 hurs, pr, tas, tasmax, 0.25°%0.25°
tasmin

MPI-ESM1-2-HR DKRZ/DWD rlilplfl hurs, pr, tas, tasmax, 0.25°x0.25°
tasmin

MPI-ESM1-2-LR DKRZ/MPI-M rlilplfl hurs, pr, tas, tasmax, 0.25°%0.25°
tasmin

MRI-ESM2-0 MRI rlilplfl hurs, pr, tas, tasmax, 0.25°%0.25°
tasmin

NorESM2-LM NCC rlilplfl hurs, pr, tas, tasmax, 0.25°%0.25°
tasmin

NorESM2-MM NCC rlilplfl hurs, pr, tas, tasmax, 0.25°x0.25°
tasmin

UKESM1-0-LL MOHC/NIMS- rlilplf2 hurs, pr, tas, tasmax, 0.25°x0.25°
KMA tasmin
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Table S2. Global EAE differences among scenarios in the late-21st century.

SSP1-  SSP2- SSP3-  SSPS- SSP3- SSP3- SSP3-
2.6 4.5 7.0 8.5 7.0/SSP1-2.6 7.0/SSP2-4.5 7.0/SSP5-8.5

PRCPT 192258 3.29E+ 7.65E+ 5.47E+ 3.980597 2.324469 1.398486
oT 875 08 08 08

RX1D 168492 3.03E+ 6.45E+ 4.66E+ 3.82751 2.12987 1.382641
367 08 08 08

R50 480908 1.31E+ 4E+08 2.99E+ 8.327843 3.049114 1.340421
87 08 08

Tx90p 3.123E+ 7.16E+ 1.14E+ 7.23E+ 3.649899 1.591176 1.577254
09 09 10 09

HW 812676 2.03E+ 4E+09 2.03E+ 4.920138 1.969438 1.971175
688 09 09

Tn90p 5363E+ 8.72E+ 1.26E+ 7.37E+ 2.353592 1.446928 1.713328
09 09 10 09

SFH 187447 5.02E+ 1.02E+ 5.69E+ 5.438645 2.032117 1.793208
441 08 09 08

CDHW  1469E+ 3.72E+ 7.75E+ 4.4E+0 5.27489 2.081912 1.761066
09 09 09 9

Note: Columns with yellow headings represent the total global EAE (unit: persons per
year), and columns with blue headings refer to the ratio of the total global EAE under

different scenarios.
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Table S3. Global EAE trend differences among scenarios from the 2020s to the 2090s.

SSP1- SSP2-  SSP3-  SSP5- SSP3- SSP3- SSP3-
2.6 4.5 7.0 8.5 7.0/SSP1-2.6 7.0/SSP2-4.5 7.0/SSPS-8.5

PRCPT 101553 280613 966789 802045
oT 08 78 09 77 9.520037 3.445266 1.205404

RX1D 659045 216267 659720 596772
3 90 50 03 10.01025 3.050478 1.105482

RS0 580158 514481 347992 361854
7 4 73 85 59.98233 6.763952 0.961691

Tx90p 391E+ 1.08E+ 1.65E+ 1.13E+
08 09 09 09 4.216491 1.526406 1.46027

HW 983137 3.09E+ S5.71E+ 3.35E+
04 08 08 08 5.804647 1.84499 1.702428

Tn90p 3.86E+ 1.12E+ 1.36E+ 8.82E+
08 09 09 08 3.515161 1.212485 1.538487

SFH 221206 741746 1.47E+ 937364
86 28 08 79 6.631342 1.977628 1.564917

CDHW  1.88E+ 6.14E+ 1.19E+ 8.15E+
08 08 09 08 6.328319 1.936713 1.458646

Note: Columns with yellow headings represent the total global EAE growth rates (unit:

persons per decade), and columns with blue headings refer to the ratio of the total
global EAE growth rates under different scenarios.
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Table S4. Differences in the contribution of record-breaking probability growth driving
global EAE growth under different scenarios.

SSP1- SSP2- SSP3- SSP5- SSP1- SSP2- SSP5-

2.6 4.5 7.0 8.5 2.6/SSP3-7.0  4.5/SSP3-7.0  8.5/SSP3-7.0
PRCPT 0.53112 0.73453 1.04011 0.91603
oT 047 693 763 067 1.95834597 1.38299495 1.72471355
RX1D  0.55770 0.70651 0.93554 0.88338

639 638 593 629 1.67748827 1.26682497 1.58396301
RS0 0.48745 0.67417 0.90406 0.86903

277 356 021 811 1.85466217 1.38305412 1.782815
Tx90p 0.62300 0.80489 1.06402 0.93371

207 629 11 123 1.70789336 1.29196407 1.49872894
HW 0.50641 0.70048 0.97826 0.84715

718 422 55 112 1.93173837 1.38321575 1.67283251
Tn90p 0.50888 0.76829 1.05459 0.93190

373 548 589 456 2.07237101 1.50976625 1.83127207
SFH 0.55768  0.73357 0.96654 0.93720

418 879 284 827 1.73313656 1.31540183 1.68053587
CDHW 0.54101 0.68817 0.86211 0.88159

108 723 048 943 1.59351723 1.27202058 1.62954043

Note: Columns with yellow headings represent the contribution of record-breaking
probability growth driving global EAE growth, and columns with blue headings refer to
the ratio of contributions under different scenarios
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