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Supplementary Figure 1. First- (S1) and total-order (ST) sensitivity indices. First- (a) and total-order (b) sensitivity
indices for absolute (calculated in USD) future (2050, 2090) TC risk expressed as expected annual damage (EAD; upper bar)
and 100-yr event values (rp100; lower bar) over the four study regions (cf. Fig 1 a) North Atlantic/Eastern Pacific (AP), North
Indian Ocean (I0), Southern Hemisphere (SH), and North Western Pacific (WP) and all input factors (see Methods and Table 1
therein). Results are grouped by input factors (different colors); Vulnerability function midpoint describes the impact function;
Wind model; GCM, SSP hazard, Event subsampling base, Event subsampling future pertain to the hazard component; GDP
model; SSP exposure, Exposure urban/rural weighting relate to the exposure.



Supplementary Table 1. Statistical summary metrics of expected annual damage (EAD) change values by 2050 and 2090 in
the four regions North Atlantic/Eastern Pacific (AP), North Indian Ocean (I0), Southern Hemisphere (SH), and North Western
Pacific (WP), reported for climate change (CC), socio-economic development (SOC), the product of CC and SOC calculated
from the sum of their log values (sum) and total TC risk change (total).

AP delta year mean std min 25% 50% 75% max

CC 2050 3.5 47 -02 03 0.8 55 23.7
CC 2090 6.0 98 -04 0.1 1.3 7.5 57.4

SOC 2050 0.9 03 03 06 0.8 1.1 1.8
SOC 2090 23 1.3 02 14 2.0 2.5 5.6

sum 2050 4.3 47 03 1.2 1.8 6.5 24.8
sum 2090 8.3 100 0.1 21 3.6 10.0  59.7

total 2050 7.1 86 02 14 24 11.1 529
total 2090 20.5 336 00 23 54 237 321.6

IO delta year mean std min 25% 50% 75% max

CC 2050 2.8 37 -04 0.1 0.7 4.3 19.5
CC 2090 4.9 54  -01 0.7 1.8 8.1 31.0

SOC 2050 2.6 1.1 05 19 25 3.1 5.7
SOC 2090 6.7 37 07 42 6.1 8.8 17.6

sum 2050 5.4 40 03 25 4.2 7.0 24.2
sum 2090 116 69 1.1 63 101 153 463

total 2050 13.0 155 0.1 26 53 18.6 1215
total 2090 448 516 1.0 10.0 21.7 649 466.6

SH delta year mean std min 25% 50% 75% max

CC 2050 0.9 1.2 -06 0.0 0.3 1.8 13.3
CC 2090 1.3 1.6 -07 02 0.6 2.2 12.6

SOC 2050 2.5 12 05 1.6 22 3.1 9.6
SOC 2090 8.8 6.7 1.1 441 7.1 11.6 575

sum 2050 3.4 1.7 06 21 32 44 16.4
sum 2090 10.1 72 1.1 49 8.3 132 610

total 2050 5.5 47 -02 21 4.0 7.6 70.8
total 2090 20.8 222 01 69 133 257 3412

WP delta year mean std min 25% 50% 75% max

CC 2050 2.0 24 -02 03 0.8 33 15.7
CC 2090 2.8 3.1 -0.2 0.6 1.2 4.4 16.1

SOC 2050 1.6 07 02 1.1 1.5 1.9 4.1
SOC 2090 3.3 20 01 1.8 2.7 4.3 13.2

sum 2050 3.6 26 04 1.7 2.6 4.8 18.3
sum 2090 6.1 39 04 31 4.9 8.2 20.7

total 2050 6.5 63 05 22 3.7 9.3 51.2
total 2090 14.3 137 0.1 4.8 9.2 19.1 110.1




Supplementary Table 2. Statistical summary metrics of 100-yr event change values by 2050 and 2090 in the four regions
North Atlantic/Eastern Pacific (AP), North Indian Ocean (IO), Southern Hemisphere (SH), and North Western Pacific (WP),
reported for climate change (CC), socio-economic development (SOC), the product of CC and SOC calculated from the sum of
their log values (sum) and total TC risk change (total).

AP delta year mean std min 25% 50% 75% max

CC 2050 1.7 2.1 -04 03 0.7 2.8 18.8
CC 2090 2.6 35 -05 03 1.0 4.2 332

SOC 2050 0.8 03 02 06 0.7 0.9 2.3
SOC 2090 2.1 14 01 13 1.6 2.3 8.2

sum 2050 2.4 22  -01 1.0 1.5 35 20.1
sum 2090 4.7 39 -02 19 32 6.2 37.5

total 2050 3.6 38  -01 1.1 1.9 54 43.9
total 2090 9.7 127 -04 22 4.8 124 178.6

IO delta year mean std min 25% 50% 75% max

CC 2050 2.0 33 -06 0.0 0.5 2.7 253
CC 2090 3.1 37 -03 05 1.5 44 24.5

SOC 2050 2.6 1.1 03 1.8 25 32 6.5
SOC 2090 6.7 37 05 41 6.0 8.8 21.2

sum 2050 4.6 36 01 24 3.6 5.5 29.5
sum 2090 9.8 55 08 5.6 8.7 126 42.1

total 2050 10.3 141 0.0 25 4.7 124 1709
total 2090 31.1 362 06 9.0 172 39.6 4224

SH delta year mean std min 25% 50% 75% max

CC 2050 0.9 14 -07 0.0 0.4 1.3 20.4
CC 2090 1.3 1.5 -06 02 0.7 1.9 10.5

SOC 2050 2.9 1.7 03 1.8 2.5 3.7 10.9
SOC 2090 11.7 104 0.7 44 8.1 154 679

sum 2050 3.8 22 03 22 33 4.8 25.1
sum 2090 13.0 108 04 53 9.5 17.1 720

total 2050 5.9 57 -03 24 4.1 7.4 91.5
total 2090 22.1 233 03 74 144 283 367.6

WP delta year mean std min 25% 50% 75% max

CC 2050 1.2 14 -06 02 0.7 1.7 11.8
CC 2090 1.5 1.8 -05 04 0.9 22 18.8

SOC 2050 1.7 08 -0.1 12 1.6 2.1 4.6
SOC 2090 3.9 27 0.1 20 32 4.9 18.0

sum 2050 2.9 1.7 03 1.6 25 3.7 13.7
sum 2090 5.4 34 -02 28 4.6 7.1 26.2

total 2050 4.5 37 -04 19 34 59 355
total 2090 9.1 76 02 4.0 7.0 11.7 877
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Supplementary Figure 2. TC risk change from different global climate models (GCMs) and emission scenarios.
Model simulations of the expected 100-yr event (rp100) change by 2050 (a, c, e, g) and 2090 (b, d, f, h) attributed to the nine
GCMs and three emission scenarios underlying the TC hazard sets (see Methods). GCMs are ordered by increasing transient
climate response (TCR) values (Supplementary Table 7), which are shown as black stars on a secondary y-axis. Model
realization of matching hazard and exposure scenarios are marked in color (SSP245 in red, SSP370 in green, SSP585 in blue)
with diamond-shaped markers delineating the median of their distribution. Results are shown over the four study regions North
Atlantic/Eastern Pacific (AP), North Indian Ocean (I0), Southern Hemisphere (SH), and North Western Pacific (WP) (cf. Fig. 1
a)).



Supplementary Table 3. TC hazard frequency values for event sets of the nine different GCMs and three emission scenarios
in the two future time periods (2050, 2090) and four study regions North Atlantic/Eastern Pacific (AP), North Indian Ocean
(I0), Southern Hemisphere (SH), and North Western Pacific (WP). Frequency values above the multimode average (last row)
are highlighted in red.

AP 10 SH WP
GCM emission scenario 2050 2100 2050 2100 2050 2100 2050 2100
CESM2 SSP245 1347 11.99 1752 747 1597 19.67 19.53 16.88
CESM2 SSP370 1253 10.64 7.31 8.15 1582 2036 2022 20.99
CESM2 SSP585 12.70  9.71 7.09 10.74 16.15 22779 1837 19.22
CNRM6 SSP245 15.16 15.63 553 5.85 1094 11.19 21.61 22.05
CNRM6 SSP370 1483 1569 540 6.24 1144 11.76 21.61 23.42
CNRM6 SSP585 1593 1596 5.51 6.21 11.53 1094 22.13 25.32
ECEARTH SSP245 19.57 19.76  6.17 7.79 13.42 13.53 2535 24.79
ECEARTH SSP370 2265 2371 581 7.84 13.25 12.89 25.25 26.58
ECEARTH SSP585 21.81 2838 6.89 9.12 13.85 13.72 26.33 27.64
FGOALS SSP245 9.32 856 292 299 8.95 8.66 14.76  13.93
FGOALS SSP370 9.04 7.73 2.80 299 8.87 8.61 1477 13.99
FGOALS SSP585 8.97 7.81 297 3.17 9.06 8.93 1429 14.60
IPSL6 SSP245 19.42 2044 778 7.89 12.88 11.38 23.29 24.56
IPSL6 SSP370 18.83 20.51 749 745 1250 11.38 22.26 26.52
IPSL6 SSP585 20.06 2376 829 8091 12.01 1135 25.04 29.61
MIROC6 SSP245 10.74 11.06 320 3.73 9.15 9.05 17.54 18.78
MIROC6 SSP370 10.76 11.72 3.09 4.14 8.87 9.79 18.50 18.47
MIROC6 SSP585 11.24 1242 3.86 442 9.68 9.39 18.28 21.37
MPI6 SSP245 9.73 8.78 2.86 354 9.68 9.32 17.62 17.50
MPI6 SSP370 9.91 7.73 229 321 9.16 9.31 16.34 1491
MPI6 SSP585 9.66 834 2,69 360 945 9.08 16.88 16.27
MRI6 SSP245 11.27 9.86 307 380 827 9.12 17.08 15.88
MRI6 SSP370 10.09 7.93 272 3.59 852 9.13 15.03 14.83
MRI6 SSP585 10.81 9.12 3.62 4.87 8.21 8.98 15.84 15.74
UKMO6 SSP245 11.51 1242 359 3.55 8.91 8.55 17.58 17.72
UKMO6 SSP370 11.58 12.03 3.04 3.84 8.78 8.81 1593 16.81
UKMO6 SSP585 11.51 1291 3.52 4.32 8.96 8.71 18.38 16.11
average 13.45 1350 470 5.53 1090 11.35 19.25 19.80




Supplementary Table 4. TC hazard intensity change values for event sets of the nine different GCMs and three emission
scenarios in the two future time periods (2050, 2090) and four study regions North Atlantic/Eastern Pacific (AP), North Indian
Ocean (I0O), Southern Hemisphere (SH), and North Western Pacific (WP). Intensity values above the multimode average (last
row) are highlighted in red. Note, the intensity change is calculated relative to the historical period (1995-2014) and we used
the Holland (2008)! wind model for the hazard generation.

AP 10 SH WP
GCM emission scenario 2050 2100 2050 2100 2050 2100 2050 2100
CESM2 SSP245 422 453 397 550 390 428 526 5.26
CESM2 SSP370 419 377 427 6.19 351 536 496 749
CESM2 SSP585 447 393 425 815 336 580 491 958
CNRM6 SSP245 7.11 797 317 400 471 414 706 7.65
CNRM6 SSP370 6.84 8.09 331 420 469 432 7064 837
CNRM6 SSP585 758 9.18 3.63 446 462 386 687 8.76
ECEARTH SSP245 525 6.09 282 383 461 415 523 6.39
ECEARTH SSP370 645 730 272 3.82 3.83 4.65 504 6.64
ECEARTH SSP585 632 874 3.04 457 378 598 586 8.71
FGOALS SSP245 0.16 -031 066 091 078 1.02 131 1.05
FGOALS SSP370 -0.07 -0.80 044 097 1.19 207 145 1.13
FGOALS SSP585 008 -026 067 247 117 185 1.10 291
IPSL6 SSP245 638 771 518 585 590 6.1 812 9.07
IPSL6 SSP370 622 8.17 473 549 572 512 750 744
IPSL6 SSP585 731 874 532 679 561 574 803 775
MIROC6 SSP245 098 1.57 055 161 -066 042 041 1.57
MIROC6 SSP370 123 157 070 163 -062 134 1.09 2.55
MIROC6 SSP585 142 292 1.17 249 001 078 245 3.63
MPI6 SSP245 027 004 -070 0.14 -058 -0.80 130 0.83
MPI6 SSP370 070 -0.04 -052 -0.12 -049 -0.78 0.76 1.28
MPI6 SSP585 041 056 -016 039 -079 -036 0.61 225
MRI6 SSP245 1.69 169 028 168 -003 08 043 0.35
MRI6 SSP370 088 197 064 151 0.10 043 -0.51 0.36
MRI6 SSP585 196 275 123 217 -0.10 200 042 261
UKMO6 SSP245 148 210 060 128 -0.08 0.17 1.17 0.94
UKMO6 SSP370 1.94 317 043 1.17 0.3 1.19 0.10 147
UKMO6 SSP585 193 416 058 197 -017 1.06 123 1.76
average 324 390 196 3.08 200 262 333 436




Supplementary Table 5. TC hazard intensity change values for event sets of the nine different GCMs and three emission
scenarios in the two future time periods (2050, 2090) and four study regions North Atlantic/Eastern Pacific (AP), North Indian
Ocean (I0O), Southern Hemisphere (SH), and North Western Pacific (WP). Intensity values above the multimode average (last
row) are highlighted in red. Note, the intensity change is calculated relative to the historical period (1995-2014) and we used
the Emanuel and Rotunno (2011) wind model for the hazard generation.

AP 10 SH WP
GCM emission scenario 2050 2100 2050 2100 2050 2100 2050 2100
CESM2 SSP245 509 572 447 639 475 558 582 585
CESM2 SSP370 513 522 497 794 423 718 569 944
CESM2 SSP585 551 604 502 1035 436 810 553 11.79
CNRM6 SSP245 861 991 417 506 631 581 886 9.56
CNRM6 SSP370 833 10.19 437 553 625 624 946 1045
CNRM6 SSP585 931 11.61 464 596 638 584 859 11.15
ECEARTH SSP245 6.12 7.09 313 429 529 492 612 7.29
ECEARTH SSP370 723 863 3.05 4.60 452 587 588 841
ECEARTH SSP585 737 1073 334 583 451 7775 690 11.17
FGOALS SSP245 0.79  0.31 1.07  1.31 1.04 131 178 140
FGOALS SSP370 070 028 076 149 144 249 190 1.59
FGOALS SSP585 0.84 1.10 1.04 327 142 236 142 3.63
IPSL6 SSP245 737 9.19 589 681 718 749 9.64 10.70
IPSL6 SSP370 736 985 556 656 7.07 654 9.03 9.08
IPSL6 SSP585 861 11.09 624 843 689 728 978 9.71
MIROC6 SSP245 124 204 053 159 -069 058 053 2.05
MIROC6 SSP370 1.64 226 074 174 -061 1.81 133 3.17
MIROC6 SSP585 1.74 378 1.19 286 0.10 120 291 461
MPI6 SSP245 047 026 -062 026 -046 -0.70 1.60 1.06
MPI6 SSP370 092 031 -038 046 -038 -029 1.02 224
MPI6 SSP585 065 124 -015 128 -0.67 045 0.85 3.50
MRI6 SSP245 192 1.8 028 1.81 000 1.16 0.70 0.73
MRI6 SSP370 1.17 247 060 180 023 109 -029 127
MRI6 SSP585 226 372 129 299 012 331 071 402
UKMOG6 SSP245 222 286 072 156 004 052 137 159
UKMOG6 SSP370 267 466 054 187 024 224 026 287
UKMO6 SSP585 272 598 076 322 002 264 169 350
average 400 513 234 390 258 366 404 562




Supplementary Table 6. Transient climate response (TCR) and equilibrium climate sensitivity (ECS) values for the nine
GCMs, including a screen if the models fall into the likely range of projected TCR or ECS. Values are obtained from
Hausfather et al. (2022)° supplementary data. The last column groups GCM:s into two clusters of low and medium-high TC
risk change according to the results of Section 2.3 in the main text.

Model TCR TCR screen (likely) ECS150 ECS130 ECS screen (likely) TC risk increase
CESM2 2.00 yes 5.15 6.43 no med-high
CNRM-CM6-1 222  no 4.90 4.76 no med-high
EC-Earth3 230 no 4.26 N/A no med-high
FGOALS-g3 1.50  yes 2.87 3.10 yes low
IPSL-CM6A-LR 235 no 4.70 5.18 no med-high
MIROC6 1.55 yes 2.60 2.59 yes low
MPI-ESM1-2-HR 1.64 yes 2.98 3.34 yes low
MRI6-ESM2-0 1.67  yes 3.13 342 yes low
UKESM1-0-LL 277 no 5.36 5.49 no low

Supplementary Table 7. Spearman’s rank correlation coefficients (rho) between the TCR values (Supplementary Table 7)
and the calculated TC risk metrics (change in expected annual damage (EAD) and 100-yr event (rp100)) in the future (2050,
2090) in the four study regions North Atlantic/Eastern Pacific (AP), North Indian Ocean (I0), Southern Hemisphere (SH), and
North Western Pacific (WP) and for the entire globe (regions combined). Correlation coefficients between TCR and global
hazard frequency and intensity are reported as well.

risk metric year region rho pval
EAD 2050 AP 0.71 0.0
10 0.52 0.0

SH 044 0.0
WP 0.60 0.0
global 0.54 0.0
EAD 2090 AP 0.66 0.0
(0] 048 0.0
SH 0.33 0.0
WP 0.57 0.0
global 048 0.0
rp100 2050 AP 0.65 0.0
10 048 0.0
SH 0.34 0.0
WP 0.50 0.0
global 0.46 0.0
rp100 2090 AP 0.66 0.0
10 045 0.0
SH 0.27 0.0
WP 041 0.0
global 039 0.0

hazard metric year region rho pval

frequency 2050 global 0.65 0.00
2090 global 0.63 0.00
intensity 2050 global 0.59 0.00

2090 global 0.57 0.00




Supplementary Table 8. List of CMIP6 models used in the downscaling of tropical cyclone event sets.

Institution Model Short name Source

National Center for Atmospheric Research CESM2 CESM2 Danabasoglu et al. (2020)4
Centre National de Recherches Météorologiques CNRM-CM6-1 CNRM6 Voldoire et al. (2019)°
EC-Earth consortium EC-Earth3 ECEARTH  EC-Earth Consortium (2019)%
Institute of Atmospheric Physics, Chinese Academy of Sciences FGOALS-g3 FGOALS Li et al. (2019)7

Institut Pierre Simon Laplace IPSL-CM6A-LR  IPSL6 Hourdin et al. (2016)®

Japan Agency for Marine-Earth Science and Technology MIROC6 MIROC6 Tatebe et al. (2019)°

Max Planck Institute MPI-ESM1-2-HR  MPI2 Miiller et al. (2018)!°
Meteorological Research Institute, Tsukuba, Japan MRI6-ESM2-0 MRI6 Yukimoto et al. (2019)!!
United Kingdom Met Office UKESM1-0-LL UKMO6 Sellar et al. (2020)!2
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