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Table S1. Equation forms and boundary of parameters for fitting MAC curves

AIM | GEM | MESSAGE | IMAGE | COFFEE | TIAM |REMIND | WITCH  |POLES | GET
Equation 1 Jf(x)=a*x"b+c*x"d
a [0,+inf) [0,+inf) [0,+inf) [0,+inf) [0,+inf) [0,+inf) [0,+inf) [0,+inf) [0,+inf) [0,+inf)
b [0.01,100] | [0.01,100] |[0.01,100] |[0.01,100] | [0.01,100] |[0.01,100] |[0.01,100] | [0.01,100] |[0.01,100] | [0.01,100]
c [0,+inf) [0, +inf) [0, +inf) [0, +inf) [0, +inf) [0, +inf) [0, +inf) [0, +inf) [0, +inf) [0, +inf)
d [0.01,100] |[[0.01,100] |[0.01,100] |[0.01,100] |[0.01,100] |[0.01,100] |[0.01,100] |[0.01,100] |[0.01,100] | [0.01,100]
Equation 2 Jf(x)=a*x+b*(exp(c*x)-1)
b - - - - - - - - - -
¢ (-inf,50] | (-inf,50] | (-inf,50] | (-in£,50] (-inf,50] (-inf,50] (-inf,50] (-inf,50] (-inf,50] | (-inf,50)
Equation 3 f(x)=a*x+b*x"2+c*x"3+d*x"4
b [0.01,100] |[[0.01,100] |[0.01,100] |[0.01,100] |[0.01,100] |[0.01,100] |[0.01,100] |[0.01,100] |[0.01,100] | [0.01,100]
d [0.01,100] |[[0.01,100] |[0.01,100] |[0.01,100] | [0.01,100] |[0.01,100] |[0.01,100] |[0.01,100] |[0.01,100] | [0.01,100]
Equation 4 fE)=a*(b™(c*x)-1)
a [0,+inf) [0,+inf) [0,+inf) [0,+inf) [0,+inf) [0,+inf) [0,+inf) [0,+inf) [0,+inf) [0,+inf)
b [0.001,+inf) | [0.001,+inf) | [0.001,+inf) | [0.001 +inf) | [0.001,+inf) |[0.001,+inf) |[0.001,+inf) |[0.001+inf) |[0.001,+inf) | [0.001 +inf)
¢ (-inf,100] | (-inf,100] | (-inf,100] | (-inf,100] | -inf,100] | (-inf,100] | (-inf,100] | (-inf,100] | (-inf;100] | (-inf,100]




Table S2. Carbon price pathways of different initial levels with a 5% of growth rate

Scenarios 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085 2090 2095 2100
TO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T1 1 1.3 1.6 2.1 2.7 34 43 5.5 7.0 9.0 11.5 14.6 18.7 23.8 30.4 38.8 49.6 63.3 80.7
T2 2 2.6 33 4.2 53 6.8 86 11.0 14.1 18.0 22.9 293 374 47.7 60.9 71.7 99.1 126.5 161.5
T3 3 3.8 4.9 6.2 80 102 13.0 165 21.1 27.0 344 43.9 56.0 71.5 91.3 1165 1487 189.8 242.2
T5 5 6.4 81 104 133 169 21.6 276 352 44.9 573 73.2 934 119.2 1521 1942 2478 3163 403.7
T7 7 89 114 146 186 237 303 38.6 493 62.9 80.3 1024 130.8 1669 213.0 271.8 3469 4428 565.1
T10 10 128 163 208 265 339 432 552 704 89.9 1147 1464 186.8 2384 3043 3883 4956 6325 807.3
T15 15 191 244 312 398 508 648 827 1056 1348 172.0 2195 280.2 357.6 4564 5825 7434 9488 1211.0
T20 20 255 326 416 531 677 864 1103 1408 179.7 2293 2927 373.6 4768 608.5 776.7 991.2 1265.1 1614.6
T25 25 319 407 520 663 847 108.0 137.9 176.0 224.6 286.7 3659 467.0 596.0 760.7 970.8 1239.0 15814 20183
T30 30 383 489 624 79.6 101.6 129.7 1655 211.2 269.6 344.0 439.1 5604 7152 912.8 11650 1486.8 1897.6 24219
T40 40 51.1 652 832 106.1 1355 1729 220.6 281.6 3594 45877 5854 7472 953.6 1217.1 15533 1982.5 2530.2 32292
T50 50 63.8 814 1039 1327 1693 216.1 2758 352.0 4493 5734 731.8 934.0 1192.0 15213 1941.6 2478.1 3162.7 4036.5
T60 60 76.6 97.7 1247 1592 2032 2593 331.0 4224 539.1 688.0 878.1 1120.8 1430.4 1825.6 2330.0 2973.7 37953  4843.8
T70 70 893 114.0 1455 1857 237.0 3025 386.1 4928 629.0 802.7 10245 13075 16688 2129.8 27183 34693 44278 5651.1
T80 80 102.1 1303 1663 2123 2709 3458 4413 5632 718.8 9174 11709 14943 1907.2 2434.1 3106.6 39649 5060.3 6458.4
T90 90 1149 146.6 187.1 238.8 304.8 389.0 4964 633.6 808.7 1032.1 13172 1681.1 2145.6 27384 34949 44605 56929  7265.7
T100 100 127.6 1629 207.9 2653 338.6 4322 551.6 704.0 8985 1146.7 1463.6 1867.9 2384.0 3042.6 38833 4956.1 63254 8073.0
T110 110 1404 179.2 228.7 2919 3725 4754 6068 7744 9884 1261.4 1609.9 2054.7 26224 33469 4271.6 5451.8 6958.0 8880.3
T120 120 1532 1955 249.5 3184 4064 518.6 6619 844.8 10782 1376.1 17563 2241.5 2860.8 3651.2 4659.9 59474 7590.5 9687.6
T130 130 1659 211.8 2703 3449 4402 5619 717.1 9152 1168.1 1490.8 1902.6 24283 3099.2 39554 5048.2 6443.0 8223.1 10494.9
T140 140 178.7 228.0 291.0 371.5 4741 605.1 7722 9856 12579 16054 2049.0 2615.1 3337.6 4259.7 5436.6 6938.6 8855.6 11302.3
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Table S3. Parameter values in global MAC curves for energy-related CO2, CHa,
and N20 emissions derived from nine ENGAGE IAMs and GET. No data are
available for energy-related CHas, and N>O emissions from GEM and TIAM.

Model Variable a b c d MaxABL MaxlIst Max2nd
AIM CO2 192.98 1.25 16.51 1828  112.7 6.4 1.0
AIM CHa4 94.24 0.91 822.81 1827 943 6.2 1.7
AIM N20 171.87 1.41 1249.37 1265 87.2 5.7 1.1
COFFEE CO2 40.32 1.15 40.48 5.63 146.4 59 0.9
COFFEE CHa4 45591 5.77 14.38 0.35 87.9 4.9 3.1
COFFEE N20 85.37 0.39 85.37 0.39 38.4 6.2 2.3
GEM CO2 272.42 1.57 119.95 6.82 108.0 5.7 1.1
GEM CHa4

GEM N20

IMAGE CO2 309.98 1.23 83.50 24.63 107.6 6.0 1.1
IMAGE CHa4 879.73 11.96 283.45 1.18 91.8 4.8 1.0
IMAGE N20 22900.43 14.02 126.54 0.27 78.1 53 1.3
MESSAGE CO2 471.55 3.02 179.97 3024 1120 5.0 0.8
MESSAGE CHs 103852.03  49.10 2332.36 7.75 93.7 5.5 1.4
MESSAGE N0 38175.32 5.95 155.77 0.43 62.0 3.8 0.9
POLES CO2 1785.75 16.24 2092.84 3.01 110.2 4.4 0.8
POLES CHa4 4016.39 7.61 4016.39 7.61 97.2 5.8 1.1
POLES N20 630.22 1.71 14691.35  7.56 87.4 53 0.8
REMIND CO2 316.94 1.82 591.39 21.77  103.5 6.1 0.7
REMIND CHa4 143.80 1.02 2139.05 1481 974 53 1.3
REMIND N20 5558.24 2.93 44.00 0.17 47.8 2.9 0.9
TIAM CO2 183.59 11.93 394.27 1.39 116.2 4.6 0.8
TIAM CHa4

TIAM N20

WITCH CO2 421.02 1.40 971.12 7.56 100.0 3.8 1.1
WITCH CH4 1528.23 36.27 153.56 3.52 98.2 5.8 34
WITCH N20 97.19 0.73 437940.23  8.98 50.8 33 1.3
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Figure S1. Overview of the methods to derive AIM MAC curves and limits on
abatement. The description of the figure can be found in Figure 1 of the main text.
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Figure S6. Global energy-related CO2 MAC curve from nine ENGAGE IAMs. Each
panel shows the results from each IAM from the ENGAGE Scenario Explorer. Points
are the data obtained from the ENGAGE Scenario Explorer shown in colors and
markers as designated in the legend. Black lines are the MAC curves. Open circles are
the data that were not considered in the derivation of MAC curves.
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Figure S7. Global non-energy-related CO2 MAC curve from nine ENGAGE IAMs

16



Carbon Price (US$2010/tC0Oz=-eq)

AIM/CGE V2.2 COFFEE 1.1 GEM-E3 V2021
400 {1@ 400 - 500 (0)
400 ]
300 300 4 A
4
300 4 [
200 A 200 - /
200 4 /
100 100 4 fi0] p
0 0+ 0 = . .
0 0 0 20 40 60 80 100
POLES-JRC ENGAGE
1250
1000
750
500 4
250 -
oA
0 20 40 60 80 100
REMIND-MAgPIE 2.1-4.2 WITCH 5.0
(g) (i)
1500 5 1500 1500
1000 1 ) 1000 - 1000
t 3
£
500 LIy 500 500 1
Y 2,
0 0 —
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Abatement level compared to baseline (%)

EN_INDCI2030_1000
EN_INDCi2030_1000f
EN_INDCi2030_1200
EN_INDCi2030_1200f
EN_INDCI2030_1400
EN_INDCi2030_1400F
EN_INDCI2030_1600
EN_INDCI2030_1600f
EN_INDCI2030_1800
EN_INDCi2030_1800f
EN_INDCi2030_2000
EN_INDCi2030_2000f
EN_INDCi2030_2500
EN_INDCi2030_2500f
EN_INDCI2030_3000
EN_INDCI2030_3000F
EN_INDCI2030_500¢
EN_INDCI2030_600f
EN_INDCI2030_700f

L -3 - - S Sl

EN_INDCi2030_800
EN_INDCi2030_800f
EN_INDCi2030_900
EN_INDCi2030_900F
EN_NPI2020_1000
EN_NPi2020_1000F
EN_NPi2020_1200
EN_NPI2020_1200
EN_NPI2020_1400
EN_NPI2020_14001
EN_NPI2020_1600
EN_NPI2020_16001
EN_NPI2020_1800
EN_NPiI2020_1800F
EN_NPI2020_2000
EN_NPI2020_2000f
EN_NPI2020_2500
EN_NPI2020_2500F
EN_NPI2020_3000
EN_NPi2020_30001
EN_NPi2020_a00f
EN_NPi2020_a50
EN_NPi2020_a50f
EN_NPI2020_500
EN_NPi2020_500F
EN_NPI2020_600
© EN_NPI2020_600F
©  EN_NPi2020_700
@ EN_NRi2020_700f

EN_NPi2020_80D

EN_NPi2020_80Df

EN_NPI2020_900

EN_NPi2020_S00F

[ JoX Yo ¥ JNoX NeoX TeoX Yo Yo

Figure S8. Global total anthropogenic CH4 MAC curve from nine ENGAGE IAMs

Carbon Price (US$2010/tC0Oz=-eq)

AIM/CGE V2.2 COFFEE 1.1 GEM-E3 V2021
400 @) 400 {® 500 ()
i 3 2004
300 1 00 .
300 1
200 1 £ 200{ i
Py § 2004
100 4 _ mady 1004 J o
4
0 : . . . 0 . . . . 0 . . . .
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80
IMAGE 3.0 MESSAGEix-GLOBIOM 1.1
1250 6000 4000
@ . =
J H 5000
1000 ) 3000
: 4000
750 -
" 3000 2000
500
2000 *
" y 1000 {
501 1000 u¥,
ol
0 20 40 60 B0 100 0 20 40 60 80 100
REMIND-MAgPIE 2.1-4.2 TIAM-ECN 1.1
{ (h} 0]
1500 1500 1500 1
10004 1000 1000
500 1 s00 500
0+ - - 0 - - - - 0 — -
0 60 80 100 0 20 40 60 80 100 0 20 80

100

Abatement level compared to baseline (%)

EN_INDCi2030_1000
EN_INDCi2030_1000f
EN_INDCi2030_1200
EN_INDCi2030_1200f
EN_INDCI2030_1400
EN_INDCi2030_1400f
A EN_INDCi2030_1600
A EN_INDCI2030_1600f
A EN_INDCi2030_1800
A EN_INDCi2030_1800f
A EN_INDCi2030_2000

A EN_INDCi2030_2000f

A EN_INDCi2030_2500

A EN_INDCi2030_2500f
A EN_INDCi2030_3000
A EN_INDCi2030_3000F
A EN_INDCI2030_500f
A EN_INDCI2030_600f
A EN_INDCI2030_700f
EN_INDCi2030_800
EN_INDCi2030_800f
EN_INDCi2030_900
EN_INDCi2030_9007
EN_NPi2020_1000
EN_NPi2020_1000F
EN_NPi2020_1200
EN_NPI2020_1200f
EN_NPiz020_1400
EN_NPi2020_1400
© EN_NFi2020_1600
@ EN_NPi2020_1600f
© EN_NPi2020_1800
@ EN_NPi2020_1800F
© EN_NPI2020_2000
@ EN_NPI2020_2000f
©  EN_NPI2020_2500
@ EN_NPI2020_2500f
O EN_NPI2020_3000
@ EN_NPi2020_3000f
@ EN_NPi2020_a00f
© EN_NPi2020_450
@ EN_NP2020_as0f
©  EN_NPi2020_500
® EN_NPI2020_5007

EN_NPI2020_600

® EN_NPI2020_600f

© EN_NPiz020_700
@ EN_NPiz020_700f
EN_NFi2020_800
EN_NPi2020_800f
EN_NPi2020_900
EN_NPi2020_900F

Figure S9. Global energy-related CHs MAC curve from nine ENGAGE IAMs
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Figure S10. Global non-energy-related CH4 MAC curve from nine ENGAGE
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Figure S11. Global total anthropogenic N20 MAC curve from nine ENGAGE IAMs
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Figure S12. Global energy-related N20 MAC curve from nine ENGAGE IAMs
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Figure S13. Global non-energy-related N2O MAC curve from nine ENGAGE IAMs
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Figure S17. Global IMAGE MAC curve



Carbon Price (US$2010/tC0Oz=-eq)

Carbon Price (US$2010/tC0Oz=-eq)

MESSAGEix-GLOBIOM 1.1

Emissions|CO2

Emissions|CH4

6000 6000
5000 5000
4000 4 4000 4
3000 3000 4
2000 4 2000 4
1000 1000
04 - . - - - r 0 - -
0 25 50 75 100 125 150 175 200 0 20 40 60 80 100
Emissions|N20
6000 EN_INDCi2030_1000 EN_INDCi2030_800f O EN_NPi2020_3000
EN_INDCI2030_1000f EN_INDCI2030_900f @ EN_NPi2020_3000f
5000 4 EN_INDCI2030_1200 EN_NPi2020_1000 ® EN_NPi2020_300f
EN_INDCI2030_1200f EN_NPi2020_1000f ® EN_NP2020_400f
EN_INDCI2030_1400 EN_NPi2020_1200 O EN_NPi2020_450
4000 EN_INDCI2030_1400f EN_NPi2020_1200f ® EN_NPi2020_450f
A EN_INDCI2030_1600 EN_NPi2020_1400 ©  EN_NPi2020_500
3000 4 4 EN_INDCI2030_1600f EN_NPi2020_1400f @ EN_NP2020_500f
A EN_INDCI2030_1800 o EN_NPi2020_1600 © EN_NPi2020_600
A EN_INDCI2030_1800f @ EN_NPi2020_1600f @  EN_NPi2020_600f
2000 A EN_INDCI2030_2000 O EN_NPi2020_1800 ©  EN_NPi2020_700
A EN_INDCI2030_2000f @ EN_NPi2020_1800f @ EN_NP2020_700f
1o A EN_INDCI2030_2500 O EN_NPi2020_2000 EN_NPI2020_800
A EN_INDCI2030_2500f @ EN_NPi2020_2000f EN_NPI2020_800F
A EN_INDCI2030_3000 ® EN_NPi2020_200f EN_NPi2020_800
04 . . A EN_INDCI2030_3000f O EN_NPi2020_2500 EN_NPI2020_900F
0 60 80 100 4 EN_INDCI2030_700f ® EN_NPI2020_2500f
Abatement level compared to baseline (%)
.
Figure S18. Global MESSAGE MAC curve
POLES-JRC ENGAGE
Emissions|CO2 Emissions|CH4
4000 4000
(b) = %
3500 1 3500 | * K 4 y
3000 3000 . k)
x G
2500 1 2500 1
2000 1 2000 4
1500 1 1500
1000 1 1000
500 500 4
0+ v . v . v 0 -
0 25 50 75 100 125 150 175 200 0 20 40 60 80 100
Emissions|N20
4000 EN_INDCI2030_1000 A EN_INDCi2030_500f @ EN_NPi2020_2000f
EN_INDCI2030_1000f 4 EN_INDCI2030_600f O EN_NPi2020_2500
3500 4 EN_INDCi2030_1200 A EN_INDCi2030_700f ® EN_NPi2020_2500f
EN_INDCI2030_1200f EN_INDCI2030_800f O EN_NPi2020_3000
30004 EN_INDCI2030_1400 EN_INDCi2030_900 @ EN_NPi2020_3000f
EN_INDCI2030_1400f EN_INDCi2030_900f @ EN_NPI2020_300f
2500 A EN_INDCI2030_1600 EN_NPi2020_1000 ® EN_NPi2020_400f
2000 | A EN_INDCI2030_1600f EN_NPi2020_1000f O EN_NPi2020_500
A EN_INDCI2030_1800 EN_NPi2020_1200 ® EN_NPi2020_500f
1500 A EN_INDCI2030_1800f EN_NPi2020_1200f o EN_NPi2020_600
A EN_INDCI2030_2000 EN_NPi2020_1400 @  EN_NPi2020_600f
1000 4 A EN_INDCI2030_2000f EN_NPi2020_1400f O EN_NPi2020_700
A EN_INDCI2030_2500 5 EN_NPi2020_1600 ® EN_NPi2020_700f
500 4 A EN_INDCi2030_2500f @ EN_NPi2020_1600f EN_NPI2020_800
A EN_INDCI2030_3000 ©  EN_NPi2020_1800 EN_NPI2020_800F
0+ ; . A EN_INDCI2030_3000f @ EN_NPi2020_1800f EN_NPI2020_900
0 60 80 100 4 EN_INDCI2030_300f O EN_NPi2020_2000 EN_NPI2020_900f
A EN_INDCI2030_400f

Abatement level compared to baseline (%)

Figure S19. Global POLES MAC curve

22



Carbon Price (US$2010/tC0Oz=-eq)

Carbon Price (US$2010/tC0Oz=-eq)

Emissions|CO2

REMIND-MAgQPIE 2.1-4.2

Emissions|CH4

1600 1 (b)
1400 A
1200 4
1000 4
800 4
600
400
2001
: . v 0 : :
0 25 50 75 100 125 150 175 200 0 20 40 60 80 100
Emissions|N20 EN_INDCI2030_1000 4 ENINDCI2030 600f @ EN_NP2020_200f
EN_INDCI2030_1000f A EN_NDCi2030_700  © EN_NPi2020_2500
EN_INDCI2030_1200 A4 EN_NDCI2030_700f @ EN_NPi2020_2500f
EN_INDCI2030_1200f EN_INDCi2030 800 O EN_NPI2020_3000
EN_INDCI2030_1400 EN_INDCi2030_800f @ EN_NPI2020_3000f
EN_INDCI2030_1400f EN_INDCi2030 900 @ EN_NPI2020_300f
A EN_INDCI2030_1600 EN_INDCi2030 900 O EN_NPI2020_400
4 EN_INDCI2030_1600f EN_NPi2020_1000 ® EN_NPi2020_d00f
A EN_INDCI2030_1800 EN_NPi2020_1000f ©  EN_NPi2020_500
A EN_INDCI2030_1800f EN_NPi2020_1200 @ EN_NPi2020_500f
A EN_INDCI2030_2000 EN_NPi2020_1200f o EN_NPi2020_600
A EN_INDCI2030_2000f EN_NPI2020_1400 @ EN_NPi2020_600f
A EN_INDCI2030_2500 EN_NPI2020_1400f ©  EN_NPi2020_700
4 EN_NDCI2030 2500f O EN_NPi2020_1600 ® EN_NPi2020_700f
A EN_NDCI2030 3000  ® EN_NPi2020_1600f EN_NPI2020_800
; j ; A ENNDC2030_3000f O EN_NPi2020_1800 EN_NPI2020_BOOF
40 60 80 100 & EN_NDCI2030_300F ®  EN_NPI2020_1800f EN_NPI2020_900
A EN_INDCI2030_400f O EN_NPI2020_2000 EN_NPI2020_500f
4 EN_INDCI2030_500f ®  EN_NPI2020_2000f
Abatement level compared to baseline (%)
.
Figure S20. Global REMIND MAC curve
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Figure S21. Global TIAM MAC curve
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Figure S22. Global WITCH MAC curve
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Figure S23. Regional AIM total anthropogenic CO2 MAC curve
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Figure S26. Regional COFFEE total anthropogenic CO2 MAC curve
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Figure S27. Regional COFFEE total anthropogenic CH4 MAC curve
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Figure S28. Regional COFFEE total anthropogenic N2O MAC curve
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Figure S29. Regional GEM total anthropogenic CO2 MAC curve
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Figure S31. Regional GEM total anthropogenic N2O MAC curve
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Figure S32. Regional IMAGE total anthropogenic CO2 MAC curve
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Figure S33. Regional IMAGE total anthropogenic CH4s MAC curve
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Figure S34. Regional IMAGE total anthropogenic N2O MAC curve
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Figure S35. Regional MESSAGE total anthropogenic CO2 MAC curve
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Figure S36. Regional MESSAGE total anthropogenic CH4 MAC curve
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Figure S38. Global GET - Distribution of first derivative of abatement levels
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Figure S39. Global GET - Distribution of second derivative of abatement levels
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Figure S41. Global COFFEE - Distribution of first derivative of abatement levels
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Figure S42. Global GEM - Distribution of first derivative of abatement levels
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Figure S43. Global IMAGE - Distribution of first derivative of abatement levels
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Figure S44. Global MESSAGE - Distribution of first derivative of abatement levels
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Figure S45. Global POLES - Distribution of first derivative of abatement levels
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Figure S46. Global REMIND - Distribution of first derivative of abatement levels
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Figure S47. Global TIAM - Distribution of first derivative of abatement levels
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Figure S48. Global WITCH - Distribution of first derivative of abatement levels
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Figure S51. Global GEM - Distribution of second derivative of abatement levels
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Figure S62. Regional AIM N20 - Distribution of first derivative of abatement levels
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Figure S63. Regional AIM N:0 - Distribution of second derivative of abatement levels
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Figure S64. Regional COFFEE CO: - Distribution of first derivative of abatement
levels
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Figure S66. Regional COFFEE CHa- Distribution of first derivative of abatement levels
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Figure S68. Regional COFFEE N:0 - Distribution of first derivative of abatement
levels
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Figure S69. Regional COFFEE N:0 - Distribution of second derivative of abatement
levels
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Figure S70. Regional GEM CO: - Distribution of first derivative of abatement levels
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Figure S71. Regional GEM CO: - Distribution of second derivative of abatement levels
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Figure S72. Regional GEM CHs- Distribution of first derivative of abatement levels
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Figure S73. Regional GEM CHys4 - Distribution of second derivative of abatement levels
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Figure S74. Regional GEM N:0 - Distribution of first derivative of abatement levels
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Figure S75. Regional GEM N:0 - Distribution of second derivative of abatement levels
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Figure S76. Regional IMAGE CO: - Distribution of first derivative of abatement levels
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Figure S77. Regional IMAGE CO: - Distribution of second derivative of abatement
levels
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Figure S78. Regional IMAGE CHas- Distribution of first derivative of abatement levels

IMAGE 3.0 : Emissions|CH4

Sub-Saharan Africa (R10) 400 China (R10) EurgE)oean Union and Western Europe (R10)
300 4 300 4 300 4
Pl z 2
2 200 2 200 { 2 200 4
8 s TARY & AR}
100 LN 100 4 4 100
o LI\ o LI\ o AN
-0.02 -0.01 0.00 001 0.02 -0.02 -0.01 000 001 002 -002 -0.01 0.00 001 002
South Asia (R10) Latin America (R10) Middle East (R10)

- 7Y ool ZIs - 713

Density
Now B
=3 o =3
e & &
Density
Noow B
S & o
=3 o =1
Density
N w &
S & B
& © o

/ \ B Original data
L 0 ; 0 : =
-0.02 -001 000 001 002 -0.02 -001 000 001 002 -0.02 -0.01 000 001 0.02 Smogthed Nistgram
—— Normal distribution
North America (R10) Pacific OECD (R10) Reforming Economies (R10) —1.-sigma
400 100 400 2.sigma
300 300 300 | 3-sigma
z Pl z
2 200 2 200 { 2 200
8 IR} a FAIIR 8 yAIIA
= 7 e o\
0 . L - 0 , ) . 0 : A -
—0.02 -0.01 000 001 002 —0.02 —0.01 000 001 002 —002 -0.01 000 001 002
Other Asian countries (R10) Other (R10)

400 400
3001 300
z z
2 200 7 200
8 HIAY a
100 L L\ 100
P z'_J 't
=0.02 -0.01 0.00 0.01 0.02 =0.02 -=0.01 0.00 0.01 0.02

Figure S79. Regional IMAGE CHs4 - Distribution of second derivative of abatement
levels

52



IMAGE 3.0 : Emissions|N20
Sub-Saharan Africa (R10) o China (R10) Eugggean Union and Western Europe (R10)

30 301
g g 2
= 200 @ 200 4 o 200 -
2 2 2
g I g I\ g A
G . LN
w w w
0+ e T - 0 - " T T 0 . = -
-0.02 0.00 0.02 004 0.06 0.00 002 0.04 006 -0.025 0.000 0.025 0.050
2nd derivative of abatement 2nd derivative of abatement 2nd derivative of abatement
South Asia (R10) Latin America (R10) Middle East (R10)
300 300 300
8 ] & k
‘w2004 - @ 200 4 - @ 2004
® o @ [} @
E 100 I E 1004 g. 100 i
B @ 5
LN ’ I N\
0 -~ 0 " 0 - = Original data
000 0.02 004 0.06 -0.025 0.000 0.025 0.050 0.00 0.02 0.04 0.06 Smoothed histgram
2nd derivative of abatement 2nd derivative of abatement 2nd derivative of abatement ; g
—— Normal distribution
North America (R10) Pacific OECD (R10) Reforming Economies (R10) —1.-sigma
300 300 300 2-sigma
[ o 8 3-sigma
w200 — @ 200 1 - @ 200 F
) @ ]
E = H Iy E [
£ 100 ‘[ E 1004 /,\L £ 100
@ \ &a @
[} * u T T 0 N T T 0-r T T T
0.00 002 0.04 006 —0.025 0.000 0.025 0.050 —0.025 0.000 0.025 0.050 0.075
2nd derivative of abatement 2nd derivative of abatement 2nd derivative of abatement
Other Asian countries (R10) Other (R10)
300 300
@ @
N I
‘» 200 — ‘w 200 4 —
2 o
=1 =1
g 100 4 g 100 |
@ ‘/\-* a
0 L 0 -
—0.025 0.000 0025 0.050 -0.1 0.0 01 0.2
2nd derivative of abatement 2nd derivative of abatement

Figure S80. Regional IMAGE N:0 - Distribution of first derivative of abatement levels
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Figure S82. Regional MESSAGE CO: - Distribution of first derivative of abatement
levels
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Figure S83. Regional MESSAGE CO: - Distribution of second derivative of
abatement levels
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Figure S84. Regional MESSAGE CHa4 - Distribution of first derivative of abatement
levels
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Figure S85. Regional MESSAGE CHys4 - Distribution of second derivative of
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Figure S86. Regional MESSAGE N:0 - Distribution of first derivative of abatement
levels
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Figure S87. Regional MESSAGE N:0 - Distribution of second derivative of abatement
levels
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Figure S88. The earliest year to reach net zero for ENGAGE IAMs and MAC curves we
derived. The circle points are the results from ENGAGE IAMs, and the star points
are the results from MAC curves. We calculated the earliest time for different
MACs to reach net zero using the largest 15 and 2" derivatives.
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Figure S91. Test 1 — Global 9 models total anthropogenic CO:2 validation result
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Figure S92. Test 1 — Global 9 models total anthropogenic CH4 validation result
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Figure S93. Test 1 — Global 9 models total anthropogenic N2O validation result
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Figure S94. Test 1 - Regional AIM total anthropogenic CO: validation result
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Figure S95. Test 1 - Regional AIM total anthropogenic CH4 validation result
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Figure S96. Test 1 - Regional AIM total anthropogenic N20 validation result
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Figure S97. Test 1 - Regional COFFEE total anthropogenic CO: validation result
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Figure S98. Test 1 - Regional COFFEE total anthropogenic CH4 validation result
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Figure S99. Test 1 - Regional COFFEE total anthropogenic N20 validation result
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Figure S100. Test 1 - Regional GEM total anthropogenic CO: validation result

63



LATAME

CHa emissions (MtCHas yr-2)

2020 2040 2060 2080 2100

GEM

100 (g
80
60 1

404

2020 2040 2060 2080 2100

MIDEAST

20 2040 2060 2080 2100
OTASIAN

2020 2040 2060 2080 2100

EUWE

304

25

20

15 4

20
NORAM

ROW

2020 2040 2060 2080 2100

| 3 3 24 =2

SOUASIA

60

50 1
40 A
30 1

20 1

2020 2040 2060 2080 2100
PACOECD

2020 2040 2060 2080 2100

EN_INDCi2030_1000 [,
EN_INDCi2030_10001
EN_INDCiZ030_1400
EN_INDCi2030_1400f ()

EN_INDCi2030_800 O
ENNPIZ020_1000 @
EN_NPIZ020_10001 O
ENNPIZ0201400 @
EN_INDCi2030_1800 @ EN_NPi2020_14001 )
EN_INDCi2030_18001 ) EN_NPI20201800 @
EN_INDCi2030_6001 @ EN_NPi2020_18001 O
EN_INDCI2030.5001 @ EN_NPi2020_4001

EN_NPI2020_500
EN_NPI2020_5000
EN_NPI2020_600

EN_NPI2020_6001
EN_NPI2020_B00

EN_NPi2020_8000
EN_NFiZ10D

Figure S101. Test 1 - Regional GEM total anthropogenic CH4 validation result
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Figure S102. Test 1 - Regional GEM total anthropogenic N20 validation result
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Figure S103. Test 1 - Regional IMAGE total anthropogenic CO2 validation result
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Figure S104. Test 1 - Regional IMAGE total anthropogenic CH4 validation result
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Figure S10S. Test 1 - Regional IMAGE total anthropogenic N20 validation result
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Figure S106. Test 1 - Regional MESSAGE total anthropogenic CO: validation result
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Figure S107. Test 1 - Regional MESSAGE total anthropogenic CH4 validation result
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Figure S121. Test 1 - Regional GEM - Reproducibility of total anthropogenic N2O
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Figure S122. Test 1 - Regional IMAGE - Reproducibility of total anthropogenic CO2
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Figure S123. Test 1 - Regional IMAGE - Reproducibility of total anthropogenic CH4
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Figure S124. Test 1 - Regional IMAGE - Reproducibility of total anthropogenic N2O
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Figure S125. Test 1 - Regional MESSAGE - Reproducibility of total anthropogenic CO:2
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Figure S127. Test 1 - Regional MESSAGE - Reproducibility of total anthropogenic N2O
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Figure S129. Test 2 — Global 9 models total anthropogenic CO: validation result
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Figure S130. Test 2 — Global 9 models total anthropogenic CHs validation result
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Figure S131. Test 2 — Global 9 models total anthropogenic N20 validation result
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Figure S132. Test 2 - Regional AIM total anthropogenic COz validation result
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Figure S133. Test 2 - Regional AIM total anthropogenic CH4 validation result
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Figure S134. Test 2 - Regional AIM total anthropogenic N20 validation result
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Figure S135. Test 2 - Regional COFFEE total anthropogenic CO: validation result
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Figure S136. Test 2 - Regional COFFEE total anthropogenic CH4 validation result
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Figure S137. Test 2 - Regional COFFEE total anthropogenic N20 validation result
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Figure S138. Test 2 - Regional GEM total anthropogenic CO: validation result
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Figure S139. Test 2 - Regional GEM total anthropogenic CH4 validation result
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Figure S140. Test 2 - Regional GEM total anthropogenic N20 validation result
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Figure S141. Test 2 - Regional IMAGE total anthropogenic CO2 validation result
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Figure S142. Test 2 - Regional IMAGE total anthropogenic CH4 validation result
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Figure S143. Test 2 - Regional IMAGE total anthropogenic N20 validation result
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Figure S144. Test 2 - Regional MESSAGE total anthropogenic CO: validation result
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Figure S145. Test 2 - Regional MESSAGE total anthropogenic CH4 validation result
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Figure S146. Test 2 - Regional MESSAGE total anthropogenic N20 validation result
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Figure S147. Test 2 - GET Reproducibility of energy-related CO2
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Figure S149. Test 2 - Global 9 models - Reproducibility of total anthropogenic CH4
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Figure S151. Test 2 - Regional AIM - Reproducibility of total anthropogenic CO2
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Figure S155. Test 2 - Regional COFFEE - Reproducibility of total anthropogenic CH4
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Figure S158. Test 2 - Regional GEM - Reproducibility of total anthropogenic CH4
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Figure S161. Test 2 - Regional IMAGE - Reproducibility of total anthropogenic CH4
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Figure S162. Test 2 - Regional IMAGE - Reproducibility of total anthropogenic N2O
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Figure S163. Test 2 - Regional MESSAGE - Reproducibility of CO2
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Figure S164. Test 2 - Regional MESSAGE - Reproducibility of total anthropogenic CH4
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Figure S165. Test 2 - Regional MESSAGE - Reproducibility of total anthropogenic N2O
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Figure S166. Test 3 — Global 9 models total anthropogenic CO: validation result
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Figure S167. Test 3 — Global 9 models total anthropogenic CH4 validation result
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Figure S168. Test 3 — Global 9 models total anthropogenic N20 validation result
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Figure S169. Test 3 - Regional AIM total anthropogenic COz validation result
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Figure S170. Test 3 - Regional AIM total anthropogenic CH4 validation result
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Figure S171. Test 3 - Regional AIM total anthropogenic N20 validation result
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Figure S172. Test 3 - Regional COFFEE total anthropogenic CO: validation result
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Figure S173. Test 3 - Regional COFFEE total anthropogenic CH4 validation result
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Figure S174. Test 3 - Regional COFFEE total anthropogenic N20 validation result
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Figure S175. Test 3 - Regional GEM total anthropogenic CO: validation result
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Figure S176. Test 3 - Regional GEM total anthropogenic CH4 validation result
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Figure S177. Test 3 - Regional GEM total anthropogenic N20 validation result
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Figure S178. Test 3 - Regional IMAGE total anthropogenic CO2 validation result
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Figure S179. Test 3 - Regional IMAGE total anthropogenic CH4 validation result
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Figure S180. Test 3 - Regional IMAGE total anthropogenic N20 validation result
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Figure S181. Test 3 - Regional MESSAGE total anthropogenic CO: validation result
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Figure S182. Test 3 - Regional MESSAGE total anthropogenic CH4 validation result
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Figure S183. Test 3 - Regional MESSAGE total anthropogenic N20 validation result
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Figure S184. Test 3 - Global 9 models - Reproducibility of total anthropogenic CO2
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Figure S185. Test 3 - Global 9 models - Reproducibility of total anthropogenic CH4
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Figure S201. Test 3 - Regional MESSAGE total anthropogenic N20 validation result
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Figure S202. Test 4 - Regional AIM total anthropogenic COz validation result
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Figure S203. Test 4 - Regional AIM total anthropogenic CH4 validation result
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Figure S204. Test 4 - Regional AIM total anthropogenic N20 validation result
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Figure S20S. Test 4 - Regional COFFEE total anthropogenic CO: validation result
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Figure S206. Test 4 - Regional COFFEE total anthropogenic CH4 validation result
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Figure S207. Test 4 - Regional COFFEE total anthropogenic N20 validation result
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Figure S208. Test 4 - Regional GEM total anthropogenic CO: validation result
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Figure S209. Test 4 - Regional GEM total anthropogenic CH4 validation result
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Figure S210. Test 4 - Regional GEM total anthropogenic N20 validation result
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Figure S211. Test 4 - Regional IMAGE total anthropogenic CO2 validation result
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Figure S212. Test 4 - Regional IMAGE total anthropogenic CH4 validation result
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Figure S213. Test 4 - Regional IMAGE total anthropogenic N20 validation result
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Figure S214. Test 4 - Regional MESSAGE total anthropogenic CO: validation result
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Figure S215. Test 4 - Regional MESSAGE total anthropogenic CH4 validation result
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Figure S216. Test 4 - Regional MESSAGE total anthropogenic N20 validation result
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Figure S218. Test 4 - Global 9 models - Reproducibility of total anthropogenic CO2
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Figure S225. Test 4 - Regional COFFEE - Reproducibility of total anthropogenic CH4
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Figure S230. Test 4 - Regional IMAGE - Reproducibility of total anthropogenic CO2



SUBSAFR

LATAME

(e)
55 4

50 4

45

40

RP=0.846
RC=0.787

40 50
REFECO

CHa emissions from ENGAGE database (MtCHa yr-*)

IMAGE

CHN EUWE
a0 l®
60
40 4
214 R
25 50 75
MIDEAST
17547
15.0 4
12.5 4
10.0 ;
7.54 RP=0.832
RC=0.774
5 10 15 20 30 40
OTASIAN ROW
k
) i
30 1 0.02 4
RP=nan
0.00 A gfC=nan
20:1 ~0.02 A
L/ AP=0972 -0.04 1
10 4 RC=0.956
10 20 30 -0.05 0.00 0.05

CHa4 emissions from ACC2 model (MtCHa yr-?)

SQUASIA
(d)
60 4
50
40
C 4
30 A RP=0901
RC=0.848
40 60
PACOECD
20 i)
15 A
10 A
51 % L
5 10 15 20

EN_INDCI2030_1000
EN_INDCI2030_1200
EN_INDCI2030_12001
EN_INDCI2030_1400

A ENINDCI2030_3000

A ENINDCI2030_30000

EN_NPi2020_1000
EN_NPiz020_1000f )
EN_HPI2020 1200 @
EN_HPI2020_1200

EN_PI2020 1400 O

EN_NPiZ020_14001
EN_NPiZ020_3000
L ) 30001
EN_NPi2020_8001
EN_NPi2100

Figure S231. Test 4 - Regional IMAGE - Reproducibility of total anthropogenic CH4
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Figure S232. Test 4 - Regional IMAGE - Reproducibility of total anthropogenic N2O
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