Supplement

Table S1. Regional annual burned area averaged over 2001-2014 (Mha yr ).

BONA BONA TENA TENA SEAS
W E W 5 CEAM NHSA ARCD SARC EURO MIDE NHAF SHAF BOAS CEAS 0. AUST
GFED5 32 0.9 2.0 4.0 9.3 9.0 369 185 39 27 2463 2346 505 314 568 536
FireCCI5.1 1.7 0.6 15 1.4 1.7 55 212 53 1.5 12 1529 1614 255 160 141 451
MODIS C6 1.6 0.6 1.3 1.2 1.9 53 212 8.3 08 12 1302 1495 144 164 132 486
CMIP5-MME 3.6 2.0 104 2.9 49 8.9 190 102 3.1 2.6 100 176 7.2 5.7 9.5 242
CMIP6-MME 23 1.9 64 5.0 103 93 530 237 74 8.2 814 977 141 170 168 409
CESM2 0.8 03 39 27 10.3 43 737 266 72 60 1000 1221 106 195 223 364
CESM2-WACCM 0.6 03 44 33 11.7 42 738 282 7.2 62 1033 1291 88 205 216 348
CMCC-CM2 6.6 6.1 9.5 16.2 138 131 618 261 156 44 821 757 354 218 179 331
CMCC-ESM2 42 2.7 7.8 11.6 124 114 538 233 146 4.6 814 785 320 202 215 321
CNRM-ESM2 47 6.5 194 4.6 24.0 196 996 481 4.7 9.7 820 2130 157 147 109 1086
EC-Earth3-CC 0.8 03 3.5 0.6 3.6 12.1 12.6 3.9 L1 164 365 190 2.1 9.4 9.7 320
EC-Earth3-Veg 0.9 03 3.1 0.6 3.7 12.5 13.1 32 1.0 156 375 197 2.1 7.8 9.4 305
NorESM2-LM 0.5 0.1 29 2.0 49 3.0 317 261 7.9 54 1024 9.1 5.1 163 154 268
NorESM2-MM 1.3 04 33 2.8 8.2 32 564 28.1 7.2 53 1079 1234 149 224 229 334
Table S2. Regional annual fire carbon emissions averaged over 2003-2014 (Tg C yr'h).
BONA BONA TENA TENA SEAS
W E W [ CEAM NHSA ARCD SARC EURO MIDE NHAF SHAF BOAS CEAS poyg  AUST
GFED4s 452 154 9.4 7.7 228 266 2512 363 55 1.5 4106 6485 1269 389 201.8 9L5
FEER 343 73 335 360 754 893 4976 1368 144 163 7198 10644 2083 1439 3191  210.6
GFAS 582 22.1 233 150 289 309 2380 672 5.6 86 3822 5149 2110 606 1934 1323
CMIP5-MME 33.1 224 894 473 437 1167 4284 1169 313 196 3123 2865  6L1 750 1497 1418
CMIP6-MME 64.5 356 524 454 546 958 4001 1173 508 238 2776 4220 167.1  89.0 168.1 89.5
AWL-ESM 309 180 568 924 541 169 1834 938 797 304 2616 4609 1086 1117 1555 46.6
CESM2 154 3.9 1.6 120 688 462 5184 1504 377 218 2905 4784 1003 878 2358 83.1
CESM2-WACCM 139 4.0 125 142 668 550 5034 160.0 390 232 2950 4898 876 948 245.1 94.9
CMCC-ESM2 415 323 243 543 405 380 1889 803 512 76 1910 1585 1404 676 196.0 457
CNRM-ESM2-1 820 855 977 627 833 610 2941 1855 716 355 1860 6039 2667 1083 55.1 256.6
E3SMI-1 55 180 210 1027 501 356 1522 921 66.0 86 1551  161.8 1029 592 112 733
E3SMI1-1-ECA 45 4.5 23 462 312 627 2609 607 7.7 13 2356 2569 338 351 124.2 92.0
EC-Earth3-CC 50.6 188 892 321 788 2694 7047 1417 771 503 6149 6373 923 1175 3141 128.7
EC-Earth3-Veg 614 237 758 335 755 2764 7068 1217 707 497 5575 619.5  102.8 884 304.3 131.3
EC-Earth3-Veg-LR 463 217 747 358 654 2931 8292 1247 625 540 5605 6166 782 956 258.5 103.9
GFDL-ESM4 739 281 539 1282 1040 1555 7634  202.8 460 154 3882  779.0 1423 60.6 132.5 83.0
MPLESM1-2-HAM  95.1 283 1558 466 562 305 2612 1083 394 364 2829 6245 1462 1195 95.7 522
MPIL-ESM1-2-LR 988 241 1465 493 485 170 3065 944 545 336 1799 4734 1643 1479 89.3 372
MRI-ESM2-0 4759 2921 562 276 6.6 128 437 349 1080 118 140 318 11739 1865 30.0 34
NorCPM1 19 2.7 180 100 164 89.6 1464 772 9.3 4.0 443 994 7.1 152 423 1233
NorESM2-LM 14.3 24 7.2 105 463 552 3742 1372 385 196 2916 3685 422 702 199.6 76.9
NorESM3-MM 24.7 53 7.8 140 613 455 4809 1421 364 183 3117 4889 1355 1014 2503 99.9
TaiESM1 249 275 324 460 297 1641 4829 103.0 199 66 1366 2471 831 344 185.6 79.3
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Fig. S1. 992 site locations of charcoal records from Reading Palaeofire Database (RPD) used in this
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study and regions (enclosed by boxes) where composite time series were constructed.
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Fig. S2. 2001-2004 spatial distribution of annual burned area fraction (% yr?) for (a—c) benchmarks
and (d—j) CMIP5 models. The spatial correlations of simulations with three benchmarks are also given
in parentheses.
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Fig. S3. Simulation bias in monthly precipitation from multi-model ensemble means of CMIP6 models
using the Li fire scheme compared to CMIP5 models for 2001-2005. Fire season generally spans May
to September for NH mid- (excluding crop fires) and high latitudes and SH tropics, where climate
primarily influences fuel wetness. Outside this period, climate impacts fuel availability, a limiting
factor in non-forest regions. For the NH tropics and SH mid-latitudes, the situation is reversed, with
fire season spanning November to March.
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Fig. S4. Same as Fig. S3, but for simulation bias in surface air temperature.
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Fig. S5. Same as Fig. S3, but for the simulation bias of MRI-ESM2-0 in (a—b) surface air temperature

and (c—d) precipitation for 2003-2014.
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Fig. S6. Same as Fig. S2, but for the 2003-2004 average of fire carbon emissions (g C m2yr™).
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Fig. S7. Seasonal cycle of precipitation in low latitudes for observations and (left) CMIP6 models
averaged over 2001-2014 and (right) CMIP6 and CMIP5 multi-model mean (MME) for 2001-2005.



70

60 (@)
50 -
40 -
30 -
20 -
10 -

NH-High

40
30 o
20 -

NH-Mid

10 o A

_____

40

NH-Low

)

Percentage of fire C emis. (%)

SH-Low

SH-Mid

OBS

CMIP6 MME
CMIP5 MME
AWI-ESM-1-1-LR

0 11 12
Month
—— NorESM2-LM
———NorESM2-MM
——— TaiESM1
—— MPI-ESM-1-2-HAM
——— MPI-ESM1-2-LR
—— MRI-ESM2-0

Fig. S8. Seasonal cycle of fire carbon emissions for observations and (left) CMIP6 models averaged
over 2003-2014 and (right) CMIP6 and CMIP5 multi-model mean (MME) for 2003-2005. EC-Earth3
models that update fire emissions annually are excluded.
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Fig. S9. Standardized fire carbon emissions simulated by CMIP5 models and indicated by RPD

charcoal product.
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Fig. S10. Influence of ENSO on the burned area. The lower panel shows the regressed coefficient of
Jun-May GFED5 BAF anomalies related to the DJF Nino3.4 index from 1997 to 2020. The EIl Nifio
event leads to an increase in burned area fraction in equatorial Southeast Asia and South America,

while a decrease in eastern Africa, due to the El Nifio-induced zonal Walker circulations along the

equator.
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Fig. S11. Burned area fraction between 35°N and 35°S in 200 mm yr~! bin of mean annual precipitation
for benchmarks and CMIP5 models.
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Fig. S12. Burned area fraction changes with increasing population density for benchmarks and CMIP5

models.



