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Supplementary Fig. S1 | Global Köppen climate classification under soot-induced cooling scenarios. Global maps showing Köppen climate classifications for the coldest year under different soot-loading scenarios. In a, injection of 120 Tg of black carbon (BC) into the stratosphere (corresponding to a 500-Tg BC impact scenario at low latitude) results in ~9 °C global land cooling. In b, injection of 600 Tg BC (2600-Tg BC impact scenario) produces ~18 °C global land cooling. The impact location is assumed to be Chicxulub, Mexico. Data are from Kaiho and Oshima34.
Supplementary Table S1 | Anthropogenic changes in extinction drivers. Temporal changes in global mean surface temperature anomaly, pollution, habitat loss, and overexploitation. CE, Common Era. Temp., temperature. These data are used in Fig. 1.
	　
	SSP
	SSP
	SSP
	SSP
	SSP
	SSP
	SSP
	SSP
	SSP

	　
	1-2.6
	2-4.5
	4-6.0
	1-2.6
	2-4.5
	4-6.0
	1-2.6
	2-4.5
	4-6.0

	　
	Temp.
	Temp.
	Temp.
	CO2 
	CO2
	CO2 
	Hg 
	Hg 
	Hg 

	CE
	change
	change
	change
	(Gt/yr)
	(Gt/yr)
	(Gt/yr)
	/TOCEF
	/TOCEF
	/TOCEF

	1700
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	1.00 
	1.00 
	1.00 

	1750
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	1.00 
	1.00 
	1.00 

	1800
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	1.00 
	1.00 
	1.00 

	1850
	0.00 
	0.00 
	0.00 
	1.00 
	1.00 
	1.00 
	1.13 
	1.13 
	1.13 

	1900
	0.00 
	0.00 
	0.00 
	4.00 
	4.00 
	4.00 
	1.30 
	1.30 
	1.30 

	1950
	0.30 
	0.30 
	0.30 
	14.00 
	14.00 
	14.00 
	2.15 
	2.15 
	2.15 

	2000
	0.80 
	0.80 
	0.80 
	30.00 
	30.00 
	30.00 
	3.50 
	3.50 
	3.50 

	2010
	1.00 
	1.00 
	1.00 
	35.00 
	35.00 
	35.00 
	3.92 
	3.92 
	3.92 

	2020
	1.20 
	1.20 
	1.20 
	38.00 
	38.00 
	38.00 
	4.17 
	4.17 
	4.17 

	2030
	1.40 
	1.40 
	1.40 
	33.00 
	45.00 
	45.00 
	3.75 
	4.75 
	4.75 

	2040
	1.70 
	1.80 
	1.80 
	27.00 
	45.00 
	48.00 
	3.20 
	4.75 
	5.00 

	2050
	1.80 
	2.10 
	2.20 
	20.00 
	44.00 
	50.00 
	2.67 
	4.67 
	5.17 

	2060
	1.90 
	2.30 
	2.50 
	15.00 
	40.00 
	50.00 
	2.25 
	4.33 
	5.17 

	2070
	1.90 
	2.40 
	2.70 
	8.00 
	35.00 
	45.00 
	1.67 
	3.92 
	4.75 

	2080
	1.90 
	2.50 
	3.00 
	0.00 
	28.00 
	40.00 
	1.00 
	3.30 
	4.33 

	2090
	1.80 
	2.60 
	3.20 
	0.00 
	20.00 
	33.00 
	1.00 
	2.66 
	3.75 

	2100
	1.75 
	2.70 
	3.30 
	0.00 
	13.00 
	25.00 
	1.00 
	2.08 
	2.85 

	2150
	1.60 
	2.90 
	3.80 
	0.00 
	0.00 
	0.00 
	1.00 
	1.00 
	1.00 

	2200
	1.50 
	3.00 
	4.10 
	0.00 
	0.00 
	0.00 
	1.00 
	1.00 
	1.00 

	2250
	1.40 
	3.05 
	4.25 
	0.00 
	0.00 
	0.00 
	1.00 
	1.00 
	1.00 

	2300
	1.30 
	3.10 
	4.30 
	0.00 
	0.00 
	0.00 
	1.00 
	1.00 
	1.00 

	2350
	1.30 
	3.15 
	4.35 
	0.00 
	0.00 
	0.00 
	1.00 
	1.00 
	1.00 

	2400
	1.30 
	3.20 
	4.40 
	0.00 
	0.00 
	0.00 
	1.00 
	1.00 
	1.00 

	2450
	1.30 
	3.25 
	4.45 
	0.00 
	0.00 
	0.00 
	1.00 
	1.00 
	1.00 

	2500
	1.30 
	3.30 
	4.50 
	0.00 
	0.00 
	0.00 
	1.00 
	1.00 
	1.00 


Supplementary Table S2 | Global forest area relative to 4000 BCE. Reconstructed and projected forest area expressed as a proportion of that in 4000 BCE. CE, Common Era. These data are used in Fig. 2e.
	　
	Forest area rate
	　
	Forest area rate

	CE
	for that in 4000BC
	CE
	for that in 4000BC

	4000BCE
	1.000 
	2230
	0.805 

	1700
	0.875 
	2240
	0.847 

	1800
	0.840 
	2250
	0.891 

	1900
	0.800 
	2260
	0.939 

	1950
	0.700 
	2270
	0.990 

	1990
	0.622 
	2280
	1.000 

	2000
	0.600 
	2290
	1.000 

	2010
	0.578 
	2300
	1.000 

	2020
	0.557 
	2310
	1.000 

	2030
	0.535 
	2320
	1.000 

	2040
	0.514 
	2330
	1.000 

	2050
	0.492 
	2340
	1.000 

	2060
	0.472 
	2350
	1.000 

	2070
	0.465 
	2360
	1.000 

	2080
	0.459 
	2370
	1.000 

	2090
	0.461 
	2380
	1.000 

	2100
	0.463 
	2390
	1.000 

	2110
	0.473 
	2400
	1.000 

	2120
	0.484 
	2410
	1.000 

	2130
	0.503 
	2420
	1.000 

	2140
	0.523 
	2430
	1.000 

	2150
	0.547 
	2440
	1.000 

	2160
	0.573 
	2450
	1.000 

	2170
	0.600 
	2460
	1.000 

	2180
	0.631 
	2470
	1.000 

	2190
	0.662 
	2480
	1.000 

	2200
	0.696 
	2490
	1.000 

	2210
	0.730 
	2500
	1.000 

	2220
	0.767 
	　
	　


Supplementary Table S3 | Projected extinction percentages driven by warming and pollution (1700–2500 CE). Cumulative extinction percentages in marine and terrestrial animals attributed to global warming and pollution. Contribution rates for each driver are applied separately for marine and terrestrial systems (see Methods). CE, Common Era. These data are used in Fig. 3a, b.
	　
	Global warming
	Pollution

	
	SSP
	Marine animal extinction (%)
	Terrestrial tetrapod extinction (%)

	CE
	1-2.6
	2-4.5
	4-6.0
	1-2.6
	2-4.5
	4-6.0
	1-2.6
	2-4.5
	4-6.0

	1700
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.03 
	0.03 
	0.03 

	1750
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.05 
	0.05 
	0.05 

	1800
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.06 
	0.06 
	0.06 

	1850
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.09 
	0.09 
	0.09 

	1900
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.12 
	0.12 
	0.12 

	1950
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.14 
	0.14 
	0.14 

	2000
	0.00 
	0.00 
	0.00 
	0.01 
	0.01 
	0.01 
	0.15 
	0.15 
	0.15 

	2010
	0.00 
	0.00 
	0.00 
	0.01 
	0.01 
	0.01 
	0.16 
	0.16 
	0.16 

	2020
	0.11 
	0.11 
	0.11 
	0.92
	0.92
	0.92
	2.01
	2.01
	2.01

	2030
	0.23 
	0.23 
	0.23 
	0.92
	1.73
	1.73
	2.01
	3.62
	3.62

	2040
	0.40 
	0.46 
	0.46 
	0.92
	1.73
	2.06
	2.01
	3.62
	4.31

	2050
	0.46 
	0.63 
	0.69 
	0.92
	1.73
	2.29
	2.01
	3.62
	4.78

	2060
	0.51 
	0.74 
	0.86 
	0.92
	1.73
	2.29
	2.01
	3.62
	4.78

	2070
	0.51 
	0.80 
	0.97 
	0.92
	1.73
	2.29
	2.01
	3.62
	4.78

	2080
	0.51 
	0.86 
	1.14 
	0.92
	1.73
	2.29
	2.01
	3.62
	4.78

	2090
	0.46 
	0.91 
	1.26 
	0.92
	1.73
	2.29
	2.01
	3.62
	4.78

	2100
	0.43 
	0.97 
	1.31 
	0.92
	1.73
	2.29
	2.01
	3.62
	4.78

	2150
	0.34 
	1.09 
	1.60 
	0.92
	1.73
	2.29
	2.01
	3.62
	4.78

	2200
	0.29 
	1.14 
	1.77 
	0.92
	1.73
	2.29
	2.01
	3.62
	4.78

	2250
	0.23 
	1.17 
	1.86 
	0.92
	1.73
	2.29
	2.01
	3.62
	4.78

	2300
	0.17 
	1.20 
	1.89 
	0.92
	1.73
	2.29
	2.01
	3.62
	4.78

	2350
	0.17 
	1.23 
	1.91 
	0.92
	1.73
	2.29
	2.01
	3.62
	4.78

	2400
	0.17 
	1.26 
	1.94 
	0.92
	1.73
	2.29
	2.01
	3.62
	4.78

	2450
	0.17 
	1.29 
	1.97 
	0.92
	1.73
	2.29
	2.01
	3.62
	4.78

	2500
	0.17 
	1.31 
	2.00 
	0.92
	1.73
	2.29
	2.01
	3.62
	4.78


Supplementary Table S4 | Projected extinction percentages driven by habitat loss and overexploitation (1700–2500 CE). Cumulative extinction percentages in marine animals (M) and terrestrial tetrapods (T). Driver-specific contribution rates are applied (see Methods). CE, Common Era. Ext., extinction. These data are used in Fig. 3c, d.
	　
	Habitat loss
	Overexploitation from human population
	Overexploitation from threatened species data

	CE
	M Ext%
	T Ext%
	M Ext%
	T Ext%
	M Ext%
	T Ext%

	1700
	0.002 
	0.180 
	0.00 
	0.06 
	0.00 
	0.06 

	1750
	0.004 
	0.270 
	0.01 
	0.09 
	0.01 
	0.09 

	1800
	0.006 
	0.360 
	0.01 
	0.12 
	0.01 
	0.12 

	1850
	0.008 
	0.540 
	0.01 
	0.18 
	0.01 
	0.18 

	1900
	0.012 
	0.720 
	0.02 
	0.24 
	0.02 
	0.24 

	1950
	0.016 
	0.810 
	0.03 
	0.27 
	0.03 
	0.27 

	2000
	0.020 
	0.900 
	0.03 
	0.30 
	0.03 
	0.30 

	2010
	0.020 
	0.930 
	0.03 
	0.31 
	0.03 
	0.31 

	2020
	0.086 
	1.207 
	0.04 
	0.35 
	0.05 
	0.54 

	2030
	0.156 
	1.497 
	0.04 
	0.38 
	0.08 
	0.76 

	2040
	0.223 
	1.774 
	0.04 
	0.40 
	0.10 
	0.99 

	2050
	0.292 
	2.065 
	0.05 
	0.42 
	0.12 
	1.14 

	2060
	0.356 
	2.328 
	0.05 
	0.44 
	0.14 
	1.29 

	2070
	0.378 
	2.421 
	0.05 
	0.45 
	0.15 
	1.44 

	2080
	0.400 
	2.500 
	0.05 
	0.45 
	0.17 
	1.59 

	2090
	0.400 
	2.500 
	0.05 
	0.45 
	0.17 
	1.59 

	2100
	0.400 
	2.500 
	0.05 
	0.45 
	0.17 
	1.59 

	2150
	0.400 
	2.500 
	0.05 
	0.45 
	0.17 
	1.59 

	2200
	0.400 
	2.500 
	0.05 
	0.45 
	0.17 
	1.59 

	2250
	0.400 
	2.500 
	0.05 
	0.45 
	0.17 
	1.59 

	2300
	0.400 
	2.500 
	0.05 
	0.45 
	0.17 
	1.59 

	2350
	0.400 
	2.500 
	0.05 
	0.45 
	0.17 
	1.59 

	2400
	0.400 
	2.500 
	0.05 
	0.45 
	0.17 
	1.59 

	2450
	0.400 
	2.500 
	0.05 
	0.45 
	0.17 
	1.59 

	2500
	0.400 
	2.500 
	0.05 
	0.45 
	0.17 
	1.59 


Supplementary Table S5 | Cumulative extinction percentages based on human-population-driven overexploitation. Projected extinction percentages in marine and terrestrial species from 1700 to 2500 CE, assuming overexploitation scales with human population. Contribution rates are applied for each driver (see Methods). CE, Common Era. These data correspond to closed symbols in Fig. 4a.
	　
	Marine animal extinction (%)
	Terrestrial tetrapod extinction (%)

	
	SSP

	CE
	1-2.6
	2-4.5
	4-6.0
	1-2.6
	2-4.5
	4-6.0

	1700
	0.01 
	0.01 
	0.01 
	0.30 
	0.30 
	0.30 

	1750
	0.02 
	0.02 
	0.02 
	0.45 
	0.45 
	0.45 

	1800
	0.03 
	0.03 
	0.03 
	0.60 
	0.60 
	0.60 

	1850
	0.04 
	0.04 
	0.04 
	0.90 
	0.90 
	0.90 

	1900
	0.06 
	0.06 
	0.06 
	1.20 
	1.20 
	1.20 

	1950
	0.08 
	0.08 
	0.08 
	1.35 
	1.35 
	1.35 

	2000
	0.10 
	0.10 
	0.10 
	1.50 
	1.50 
	1.50 

	2010
	0.10 
	0.10 
	0.10 
	1.55 
	1.55 
	1.55 

	2020
	1.61 
	1.61 
	1.61 
	5.15 
	5.15 
	5.15 

	2030
	1.88 
	3.02 
	3.02 
	5.76 
	8.01 
	8.01 

	2040
	2.22 
	3.44 
	3.90 
	6.42 
	8.76 
	9.73 

	2050
	2.40 
	3.78 
	4.64 
	6.94 
	9.43 
	11.14 

	2060
	2.57 
	4.02 
	4.97 
	7.40 
	9.98 
	11.77 

	2070
	2.60 
	4.14 
	5.16 
	7.54 
	10.20 
	12.06 

	2080
	2.63 
	4.25 
	5.43 
	7.66 
	10.40 
	12.42 

	2090
	2.63 
	4.32 
	5.60 
	7.66 
	10.47 
	12.59 

	2100
	2.63 
	4.41 
	5.67 
	7.66 
	10.55 
	12.65 

	2150
	2.63 
	4.57 
	6.07 
	7.65 
	10.72 
	13.06 

	2200
	2.63 
	4.65 
	6.31 
	7.66 
	10.80 
	13.30 

	2250
	2.63 
	4.69 
	6.44 
	7.66 
	10.84 
	13.43 

	2300
	2.63 
	4.73 
	6.48 
	7.66 
	10.88 
	13.47 

	2350
	2.63 
	4.77 
	6.51 
	7.65 
	10.91 
	13.49 

	2400
	2.63 
	4.81 
	6.55 
	7.66 
	10.96 
	13.54 

	2450
	2.63 
	4.86 
	6.59 
	7.66 
	11.00 
	13.58 

	2500
	2.63 
	4.88 
	6.63 
	7.66 
	11.03 
	13.62 



Supplementary Table S6 | Cumulative extinction percentages based on threatened-species-driven overexploitation. Projected extinction percentages in marine and terrestrial species from 1700 to 2500 CE, with overexploitation estimated from threatened-species data. Contribution rates are applied for each driver (see Methods). CE, Common Era. These data correspond to open symbols in Fig. 4a.
	　
	Marine animal extinction (%)
	Terrestrial tetrapod extinction (%)

	
	SSP

	CE
	1-2.6
	2-4.5
	4-6.0
	1-2.6
	2-4.5
	4-6.0

	1700
	0.01 
	0.01 
	0.01 
	0.30 
	0.30 
	0.30 

	1750
	0.02 
	0.02 
	0.02 
	0.45 
	0.45 
	0.45 

	1800
	0.03 
	0.03 
	0.03 
	0.60 
	0.60 
	0.60 

	1850
	0.04 
	0.04 
	0.04 
	0.90 
	0.90 
	0.90 

	1900
	0.06 
	0.06 
	0.06 
	1.20 
	1.20 
	1.20 

	1950
	0.08 
	0.08 
	0.08 
	1.35 
	1.35 
	1.35 

	2000
	0.10 
	0.10 
	0.10 
	1.50 
	1.50 
	1.50 

	2010
	0.10 
	0.10 
	0.10 
	1.55 
	1.55 
	1.55 

	2020
	1.64 
	1.64 
	1.64 
	5.41 
	5.41 
	5.41 

	2030
	1.94 
	3.07 
	3.07 
	6.30 
	8.55 
	8.55 

	2040
	2.31 
	3.52 
	3.99 
	7.24 
	9.57 
	10.54 

	2050
	2.51 
	3.88 
	4.75 
	7.94 
	10.43 
	12.14 

	2060
	2.69 
	4.15 
	5.10 
	8.59 
	11.16 
	12.95 

	2070
	2.75 
	4.29 
	5.31 
	8.93 
	11.59 
	13.45 

	2080
	2.80 
	4.42 
	5.60 
	9.25 
	11.99 
	14.01 

	2090
	2.80 
	4.49 
	5.77 
	9.25 
	12.07 
	14.18 

	2100
	2.80 
	4.58 
	5.84 
	9.25 
	12.15 
	14.25 

	2150
	2.80 
	4.75 
	6.24 
	9.25 
	12.32 
	14.66 

	2200
	2.80 
	4.82 
	6.48 
	9.25 
	12.39 
	14.90 

	2250
	2.80 
	4.86 
	6.61 
	9.25 
	12.43 
	15.02 

	2300
	2.80 
	4.90 
	6.65 
	9.25 
	12.47 
	15.06 

	2350
	2.80 
	4.94 
	6.68 
	9.25 
	12.52 
	15.09 

	2400
	2.80 
	4.98 
	6.72 
	9.25 
	12.56 
	15.13 

	2450
	2.80 
	5.03 
	6.76 
	9.25 
	12.60 
	15.18 

	2500
	2.80 
	5.05 
	6.80 
	9.25 
	12.63 
	15.22 



Supplementary Table S7 | Extinction projections with and without nuclear conflict. Cumulative extinction percentages in marine animals (M) and terrestrial tetrapods (T) to 2500 CE under no nuclear conflict and full-scale nuclear conflict scenarios. Baseline (no-conflict) values are from Supplementary Tables S5 and S6; nuclear-conflict inputs are from Kaiho (2026)16. Ext., extinction. Case 1 and Case 2 correspond to overexploitation estimated from human population and threatened-species data, respectively.
	　
	No nuclear war 
	Nuclear war
	Nuclear war during Anthropocene

	Scenario
	M Ext%
	T Ext%
	M Ext%
	T Ext%
	M Ext%
	T Ext%
	M Ext%
	T Ext%
	M Ext%
	T Ext%

	Case
	1 
	1 
	2 
	2 
	　
	　
	1 
	1 
	2 
	2 

	SSP1-2.6
	2.6 
	7.7 
	2.8 
	9.3 
	28.0 
	39.0 
	41.8 
	62.6 
	42.0 
	64.2 

	SSP2-4.5
	4.9
	11.0 
	5.1 
	12.6 
	
	
	44.1 
	65.9 
	44.3 
	67.5 

	SSP4-6.0
	6.6
	13.6 
	6.8 
	15.2 
	
	
	45.8 
	68.5 
	46.0 
	70.1 



Supplementary Table S8 | Population decline trajectories of threatened-species categories. Population trajectories for CR, EN and VU categories under decline rates of 0.2, 0.5, 0.7 and 0.8 per 10 years. Ext., extinction. Underlined values indicate extinction. Bold values denote population levels and thresholds (CR < 250, EN < 2,500, VU < 10,000) used in Fig. 4b.
	　
	CR
	
	　
	
	Ext 
	
	EN
	　
	
	Ext 
	
	
	　
	VU
	Ext 
	All
	　
	　
	　

	year
	0.2
	0.5 
	0.7 
	0.8
	%
	0.2
	0.5 
	0.7 
	0.8
	%
	0.2
	0.5 
	0.7 
	0.8
	%
	0.2
	0.5 
	0.7 
	0.8

	0
	250
	250
	250
	250
	1
	2500
	2500
	2500
	2500
	1
	10000
	10000
	10000
	10000
	1
	1
	1
	1
	1

	10
	50 
	125 
	175 
	200 
	
	500 
	1250 
	1750 
	2000 
	
	2000 
	5000 
	7000 
	8000 
	
	
	
	
	

	20
	10 
	63 
	123 
	160 
	
	100 
	625 
	1225 
	1600 
	
	400 
	2500 
	4900 
	6400 
	
	
	
	
	

	30
	2 
	31 
	86 
	128 
	
	20 
	313 
	858 
	1280 
	
	80 
	1250 
	3430 
	5120 
	
	
	
	
	

	40
	0 
	16 
	60 
	102 
	4.5
	4 
	156 
	600 
	1024 
	
	16 
	625 
	2401 
	4096 
	
	4.5
	
	
	

	50
	0 
	8 
	42 
	82 
	
	1 
	78 
	420 
	819 
	13 
	3 
	313 
	1681 
	3277 
	
	13 
	
	
	

	60
	0 
	4 
	29 
	66 
	
	0 
	39 
	294 
	655 
	
	1 
	156 
	1176 
	2621 
	23 
	23 
	
	
	

	70
	0 
	2 
	21 
	52 
	
	0 
	20 
	206 
	524 
	
	0 
	78 
	824 
	2097 
	
	
	
	
	

	80
	0 
	1 
	14 
	42 
	4.5
	0 
	10 
	144 
	419 
	
	0 
	39 
	576 
	1678 
	
	
	4.5
	
	

	90
	0 
	0 
	10 
	34 
	
	0 
	5 
	101 
	336 
	
	0 
	20 
	404 
	1342 
	
	
	
	
	

	100
	0 
	0 
	7 
	27 
	
	0 
	2 
	71 
	268 
	
	0 
	10 
	282 
	1074 
	
	
	
	
	

	110
	0 
	0 
	5 
	21 
	
	0 
	1 
	49 
	215 
	13 
	0 
	5 
	198 
	859 
	
	
	13 
	
	

	120
	0 
	0 
	3 
	17 
	
	0 
	1 
	35 
	172 
	
	0 
	2 
	138 
	687 
	
	
	
	
	

	130
	0 
	0 
	2 
	14 
	
	0 
	0 
	24 
	137 
	
	0 
	1 
	97 
	550 
	23 
	
	23 
	
	

	140
	0 
	0 
	2 
	11 
	
	0 
	0 
	17 
	110 
	
	0 
	1 
	68 
	440 
	
	
	
	
	

	150
	0 
	0 
	1 
	9 
	4.5
	0 
	0 
	12 
	88 
	
	0 
	0 
	47 
	352 
	
	
	
	4.5
	

	160
	0 
	0 
	1 
	7 
	
	0 
	0 
	8 
	70 
	
	0 
	0 
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