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Table S1. Carbon price pathways of different initial levels with a 5% of growth rate

Scenario 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 4.3 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 29.3 37.4 47.7 60.9 1.7 99.1 1265 161.5
T3 3 3.8 4.9 6.2 80 102 13.0 165 21.1 27.0 34.4 43.9 56.0 71.5 91.3 1165 1487 189.8 242.2
T5 5 6.4 &1 104 133 169 21.6 276 352 44.9 57.3 73.2 934 119.2 1521 1942 2478 3163 403.7
T7 7 89 114 146 18.6 237 303 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 743.4 9488 1211.0
T20 20 255 326 41.6 53.1 677 864 1103 140.8 179.7 2293 2927 373.6 476.8 6085 7767 991.2 1265.1 1614.6
T25 25 319 407 520 663 84.7 108.0 1379 176.0 2246 286.7 3659 467.0 596.0 760.7 970.8 1239.0 1581.4 20183
T30 30 383 489 624 79.6 101.6 129.7 1655 211.2 269.6 3440 439.1 5604 7152 912.8 1165.0 1486.8 1897.6 24219
T40 40 51.1 652 832 106.1 1355 1729 220.6 281.6 3594 4587 5854 747.2 953.6 1217.1 15533 1982.5 2530.2 3229.2
T50 50 63.8 81.4 1039 1327 1693 216.1 2758 352.0 4493 573.4 731.8 9340 1192.0 1521.3 1941.6 2478.1 3162.7 4036.5
T60 60 76.6 97.7 1247 159.2 2032 2593 331.0 4224 539.1 688.0 878.1 1120.8 14304 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 1024.5 1307.5 1668.8 2129.8 2718.3 3469.3 4427.8 5651.1
T80 80 102.1 1303 1663 2123 270.9 3458 4413 563.2 7188 9174 11709 14943 1907.2 2434.1 3106.6 3964.9 5060.3 6458.4
T90 90 1149 146.6 187.1 238.8 304.8 389.0 496.4 633.6 8087 1032.1 1317.2 1681.1 2145.6 2738.4 34949 4460.5 56929  7265.7
T100 100 127.6 162.9 207.9 2653 338.6 4322 551.6 704.0 8985 1146.7 1463.6 1867.9 2384.0 3042.6 3883.3 4956.1 63254 8073.0
T110 110 1404 179.2 228.7 2919 3725 4754 6068 7744 9884 1261.4 1609.9 2054.7 2622.4 3346.9 4271.6 5451.8 6958.0 8880.3
T120 120 153.2 1955 249.5 318.4 4064 518.6 661.9 844.8 10782 1376.1 1756.3 2241.5 2860.8 3651.2 4659.9 59474 7590.5 9687.6
T130 130 1659 211.8 2703 3449 440.2 5619 717.1 9152 1168.1 1490.8 1902.6 2428.3 3099.2 39554 5048.2 6443.0 8223.1 10494.9
T140 140 178.7 228.0 291.0 371.5 474.1 605.1 772.2 985.6 12579 1605.4 2049.0 2615.1 3337.6 4259.7 5436.6 6938.6 8855.6 11302.3




Table S2.

Equation forms and parameter ranges for fitting MAC curves

AIM | GEM | MESSAGE | IMAGE | COFFEE | TIAM | REMIND | WITCH POLES | GET
Equation 1 f(x) =axx?+cxx?
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 f(x)=axx+bx(exp”™*—-1)
b - - - - - - - - - -
c (-inf,50] (-inf,50] (-inf,50] (-inf,50] (-inf,50] (-inf,50] (-inf,50] (-inf,50] (-inf,50] (-inf,50)
Equation 3 fX)=axx+bxx*+cxx®+dxx*
b - - - - - - - - - -
d - - - - - - - - - -
Equation 4 f(x) =ax (b*-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)
c (-inf,100] (-inf,100] (-inf,100] (-inf,100] (-inf,100] (-inf,100] (-inf,100] (-inf,100] (-inf,100] (-inf,100]




Table S3. Statistics for function choices
The count indicates the number of times the corresponding equation was selected as the best-fitting
equation for the IAM price-quantity data.

Function Count Percentage (%)
Equation 1 126 51.22
Equation 2 15 6.10
Equation 3 45 18.29
Equation 4 60 24.39

Total 246 100

Table S4. Parameter values in global MAC curves for energy-related CO,, CH4, and
N;O emissions derived from nine ENGAGE IAMs

No data are available for energy-related CH4 and N>O emissions from GEM and TIAM and energy-
related N2O emissions from COFFEE.

Model Gas a b [ d MaxABL Maxlst Max2nd
AIM CO2 192.98 1.25 16.51 18.28 112.7 6.4 1.0
AIM CHa4 94.24 0.91 822.81 18.27 94.3 6.2 1.7
AIM N20 171.87 1.41 1,249.37 12.65 87.2 5.7 1.1
COFFEE CO2 40.32 1.15 40.48 5.63 147.0 6.3 1.6
COFFEE CH4 14.38 0.35 45591 5.77 88.9 5.0 3.6
COFFEE N20 — — — — — — —
GEM CO2 27242 1.57 119.95 6.82 108.0 6.0 1.4
GEM CH4 — — — — — — —
GEM N20 — — — — — — —
IMAGE CO2 309.98 1.23 83.50 24.63 107.6 6.0 1.1
IMAGE CHa 283.45 1.18 879.73 11.96 91.8 4.8 1.0
IMAGE N20 126.54 0.27 2.290 x 10* 14.02 78.1 53 1.3
MESSAGE CO: 471.55 3.02 179.97 30.24 112.0 5.0 0.8
MESSAGE CHa 2,332.36 7.75 1.039 x 10° 49.10 93.7 5.5 1.4
MESSAGE N:0 155.77 0.43 3.818 x 10* 5.95 62.0 3.8 0.9
POLES CO2 2,092.84 3.01 1,785.75 16.24 110.2 4.6 1.1
POLES CHa4 4,016.39 7.61 4,016.39 7.61 97.5 6.0 1.2
POLES N2O 630.22 1.71 1.469 x 10* 7.56 87.4 55 1.0
REMIND CO2 316.94 1.82 591.39 21.77 104.3 6.6 0.9
REMIND CH4 143.80 1.02 2,139.05 14.81 97.7 54 1.6
REMIND N20 44.00 0.17 5,558.24 2.93 47.8 2.9 1.0
TIAM CO2 394.27 1.39 183.59 11.93 116.2 4.6 0.8
TIAM CH4 — — — — — — —
TIAM N20 — — — — — — —
WITCH COz 421.02 1.40 971.12 7.56 101.4 3.9 1.3
WITCH CHa 153.56 3.52 1,528.23 36.27 99.6 5.9 3.6
WITCH N20 97.19 0.73 4.379 x 10° 8.98 50.8 3.5 1.4




Table S5. Statistical validation of global emission pathways of ECB scenario without

INDC reproduced from ACC2-emIAM with original emission pathways from nine
ENGAGE IAMs
The table shows two indicators: i) ordinary Pearson’s correlation coefficient rp and ii) Lin’s

concordance coefficient r¢. The higher the value of the indicator is, the darker the color of the cell

is.
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Table S6. Statistical validation of regional emission pathways of ECB scenario without
INDC reproduced from ACC2-emIAM with original emission pathways from five
ENGAGE IAMs

Ordinary Pearson’s correlation coefficient p and Lin’s concordance coefficient r¢ are shown in the
table. The higher the value of the indicator is, the darker the color of the cell is.
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Table S7. Available scenarios for each model in the ENGAGE Scenario Explorer
0 means that the model does not provide the corresponding scenario, while 1 means that the model
provides the corresponding scenario.

» MESSAGEix- POLES-JRC REMIND-

Scenarios AIM/CGE V2.2 COFFEE 1.1 GEM-E3 V2021 IMAGE 3.0 GLOBIOM 1.1 ENGAGE MAgPIE 2.1-4.2 TIAM-ECN 1.1 WITCH 5.0 Count
EN_INDCi2030_300f 0 0 0 0
EN_INDCi2030_400
EN_INDCi2030_400f
EN_INDCi2030_500
EN_INDCi2030_500f
EN_INDCi2030_600
EN_INDCi2030_600f
EN_INDCi2030_700
EN_INDCi2030_700f
EN_INDCi2030_800
EN_INDCi2030_800f
EN_INDCi2030_900
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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 the caption of Figure 1.
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MAC curves defined with relative and absolute abatement
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Figure S3. MAC curves defined with relative and absolute abatement for three models
The left three panels show the relationship between carbon price and relative abatement level, while
the right three panels show the relationship between carbon price and absolute abatement level.
Black lines in the left three panels are MAC curves in percentage used in our study.
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Figure S5. Global energy-related CO; MAC curves from nine ENGAGE IAMs
The description of the figure can be found in the caption of Figure 2. The same below.
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Figure S6. Global non-energy-related CO; MAC curves from nine ENGAGE IAMs
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Figure S7. Global total anthropogenic CH4s MAC curves from nine ENGAGE IAMs
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Figure S8. Global energy-related CHs MAC curves from nine ENGAGE IAMs
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Figure S9. Global non-energy-related CH4s MAC curves from nine ENGAGE IAMs
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Figure S10. Global total anthropogenic N2O MAC curves from nine ENGAGE IAMs
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Figure S11. Global energy-related N.O MAC curves from nine ENGAGE IAMs
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Figure S12. Global non-energy-related NO MAC curves from nine ENGAGE 1AMs
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Figure S13. Global AIM MAC curves
COFFEE 1.1
Emissions|CO2 Emissions|CH4
450
400 4
350 1
300
250 4
200 1
150
100
50 A
0+ — T T T T T T T
25 50 75 100 125 150 175 200 60 80 100
Emissions|N20
450 @ ECB scenario without INDC
400 4 (@ O PKB scenario without INDC
A ECB scenario with INDC
350 1 S A PKB scenario with INDC
300 4 x Data point excluded
i(\‘ = MAC curve
X'y
Carbon budget
2019-2100 (GtCO;)
099 929 99 999 0909000999
©O O O N O 0O O 0 O OO0 O O O O O o
M T HORN®D®IEONT © O O 0 O
. o+ A A 4 N N ™M

0 20 40 60

100

Abatement level compared to baseline (%)

Figure S14. Global COFFEE MAC curves
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Figure S15. Global GEM MAC curves
IMAGE 3.0
Emissions|CO2 Emissions|CH4
1200 A 9
(b) gxx
1000 1
800
600 -
= 400 4
g
S
Q 200 -
£
S
—
o 0 y T T T T
2‘; 0 25 50 75 100 125 150 175 200 100
0
2 Emissions|N20
o 1200 A @ ECB scenario without INDC
E O PKB scenario without INDC
g 1000 4 A ECB scenar‘io w‘ith INDC
o A PKB scenario with INDC
=
© x Data point excluded
O o
800 = MAC curve
600 -
Carbon budget
2019-2100 (GtCO;)
400 -
200
099 929 99 999 0909000999
©O O O N O 0O O 0 O OO0 O O O O O o
M T HORN®D®IEONT © O O 0 O
0 T y T A M H AN NG
0 40 60 80 100

Abatement level compared to baseline (%)

Figure S16. Global IMAGE MAC curves
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Figure S17. Global MESSAGE MAC curves
POLES-JRC ENGAGE
Emissions|CO2 Emissions|CH4
4000 vl
3500 1
3000 1
2500 1
2000 1
1500 1
T
9 1000
&
8
k= 500 4
S
IS 0+ . , ; . : - .
2‘; 0 25 50 75 100 125 150 175 200 O 20 40 60 80 100
0
2 Emissions|N20
[} 4000 Yol @ ECB scenario without INDC
2 (c) x g% Pl O PKB scenario without INDC
o 3500 1 LI { o
c &b { A ECB scenario with INDC
.g 3000 x Q. A PKB scenario with INDC
8 xi’ x Data point excluded
25001 w B 9 = MAC curve
2000 A % XX
X . A0 Carbon budget
1500 A 2019-2100 (GtCO;)
1000 1
2001 099 929 99 999 0909000999
©O O O N O 0O O 0 O OO0 O O O O O o
M T HORN®D®IEONT © O O 0 O
0 T y T A M H AN NG
0 20 40 60 80 100

Abatement level compared to baseline (%)

Figure S18. Global POLES MAC curves
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Figure S19. Global REMIND MAC curves
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Figure S20. Global TIAM MAC curves
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Figure S21. Global WITCH MAC curves
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Figure S22. Regional AIM total anthropogenic CO, MAC curves
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Figure S23. Regional AIM total anthropogenic CHs MAC curves
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Figure S24. Regional AIM total anthropogenic N.O MAC curves
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Figure S25. Regional COFFEE total anthropogenic CO; MAC curves
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Figure S26. Regional COFFEE total anthropogenic CHs MAC curves
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Figure S27. Regional COFFEE total anthropogenic N.O MAC curves
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Figure S28. Regional GEM total anthropogenic CO, MAC curves
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Figure S29. Regional GEM total anthropogenic CHs MAC curves
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Figure S30. Regional GEM total anthropogenic NO MAC curves
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Figure S31. Regional IMAGE total anthropogenic CO; MAC curves
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Figure S32. Regional IMAGE total anthropogenic CHs MAC curves



IMAGE 3.0 Emissions|N20
Carbon budget

1950 Sub-Saharan Africa (R10) China (R10) European Union and Western Europe (R10) South Asia (R10) 2019-2100 (GtCO;)
1000 1 3000
- S 2500
750
¢ 2000
500 1800
250 1 1600
—_ / 1400
o 0 u T T u T T - y T 1200
q,', 0 25 50 75 100 0 25 50 75 100 O 25 50 75 100 O 25 50 5 100
o 1
(@] Latin America (R10) Middle East (R10) North America (R10) Pacific OECD (R10) 000
O 1250 900
&= (e) (f) 2 (9) ¥ (h)
=) & | | k | 800
8 K K ¢ 700
S‘} 7501 s 1 & 1 1% 600
N % X
S 500 1 1 E 500
= % 450
Y 250 1 1
g & : i y 400
o 0 2] v T T v T T T v v v - - 300
g 0 25 50 75 100 O 25 50 75 100 O 25 50 75 100 O 25 50 75 100 200
-e . Reforming Economies (R10) Other Asian countries (R10) Other (R10)
8 1250 0 (i) k) @ ECB scenario without INDC
1000 1 1 'l 1 § O PKB scenario without INDC
750 > b X b x A ECB scenario with INDC
500 A 1 A PKB scenario with INDC
250 1 q x Data point excluded
o Livafa = : . ® ] . . - MAC curve

0 25 50 75 100 O 25 50 75 100 0O 25 50 75 100

Abatement level compared to baseline (%)

Figure S33. Regional IMAGE total anthropogenic N.O MAC curves
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Figure S37. Global MAC curves for total anthropogenic CO; emissions derived from the

set of scenarios with the same carbon budgets available for five ENGAGE 1AMs

The solid lines are MAC curves derived from the subsample (a total of 19 scenarios with the same

carbon budgets available commonly for all five IAMs (Table S7)), and the dotted lines are MAC

curves derived from the full sample (all scenarios available for each IAM). No upper limit of

abatement level is shown for MAC curves.
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Figure S42. Global GEM - Distribution of first derivative of abatement levels

IMAGE 3.0
Emissions|CO2 Emissions|CO2|AFOLU  Emissions|CO2|Energy and Industrial Processes
100 100 100
80 80 80 -
[ A @ [
N N N
@ 50-/\ 60 @ so-/\
@ @ @
[=% [=3 [=%
£ 401 \ € 404 £ 40 \
© m ©
w w o w
20 ‘ : 20 20 4
0 0, y v 0
0.00 0.02 0.04 0 5 10 15 0.00 0.02 0.04
1st derivative of abatement 1st derivative of abatement 1st derivative of abatement
Emissions|CH4 Emissions|CH4|AFOLU Emissions|CH4|Energy
100 100 100
80 - I 80 1 80 - {\
& & & s
@ 60 -, ‘@ 60 ) .’ ‘ \ W Original data
2 Q K —— Log-normal distribution
Q Q Q .
€ 40 \ € 40 \ £ 404 \ 1-sigma
© © © .
n wn 0 2-sigma
20 204! e 3-s5igMaA
0 0
0.00 0.01 0.02 0.000 0.005 0.010 0.015 0.00 0.01 0.02 0.03 0.04
1st derivative of abatement 1st derivative of abatement 1st derivative of abatement
Emissions|N20 Emissions|N20O|AFOLU Emissions|N20|Energy
100 100 100
80 80 80 \
() (] [
N N N
» 60 ‘@ 604 w60 -l \
@ @ @
[=% Q [=3
£ 40 \ £ 40 € 40+ \
s © ©
" " "
201 \\ 201 ﬂ 201
i L I lL“ ;a ‘1‘;..11,1 e 2y 0
0.000 0.005 0.010 0.015 0.020 0.0000 0.0025 0.0050 0.0075 0.0100 0.00 0.02 0.04 0.06

1st derivative of abatement

1st derivative of abatement

1st derivative of abatement

Figure S43. Global IMAGE - 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 S49. Global AIM - Distribution of second derivative of abatement levels
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Figure S50. Global COFFEE - Distribution of second derivative of abatement levels

Sample size

Sample size

Sample size

400

300

200

—
o
S

400

300

200

100

400

300

200

100

Emissions|CO2

GEM-E3 V2021
Emissions|CO2|AFOLU

400
1 ® 300 - ° 300 4
N N
@ e
Q Q
R - 200 5 2004
— g g i N
© ©
| & & |
100 100
E an r 0 r — T T 0 Ay -'l-““ T
—-0.005 0.000 0.005 -200 -100 0 100 200 —0.005 0.000 0.005
2nd derivative of abatement 2nd derivative of abatement 2nd derivative of abatement
Emissions|CH4 Emissions|CH4|AFOLU Emissions|CH4|Energy
400 400
1 300 A 300 4
o 3
N N
J H No data H No data
1 B 2 200 £ 200
£ £
© ©
| 1% 1%
\ 100 1 100 4
— T T T T 0 T T T
—0.005 0.000 0.005 —0.005 0.000 0.005 —0.005 0.000 0.005
2nd derivative of abatement 2nd derivative of abatement 2nd derivative of abatement
Emissions|N20 Emissions|N20O|AFOLU Emissions|N20|Energy
400 400
1 300 A 300 4
o o
N N
/4\ H No data o No data
E 71\ 2 200 £ 2004
£ £
© ©
/ \ 1% 1%
\ 100 A 100 A
T - T ™ T T 0 T N T
—0.005 0.000 0.005 —0.005 0.000 0.005 —0.005 0.000 0.005

2nd derivative of abatement

2nd derivative of abatement

2nd derivative of abatement

Emis‘s&)%ns|C02|Energy and Industrial Processes

W Original data

—— Normal distribution
1-sigma

2-sigma

3-sigma

Figure S51. Global GEM - Distribution of second derivative of abatement levels
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Figure S52. Global IMAGE - Distribution of second derivative of abatement levels
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Figure S53. Global MESSAGE - Distribution of second derivative of abatement levels
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Figure S54. Global POLES - Distribution of second derivative of abatement levels
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Figure S55. Global REMIND - Distribution of second derivative of abatement levels
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Figure S60. Regional AIM CHjy- Distribution of first derivative of abatement levels
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Figure S62. Regional AIM N,O - Distribution of first derivative of abatement levels
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Figure S63. Regional AIM N:O - Distribution of second derivative of abatement levels
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Figure S66. Regional COFFEE CHj - Distribution of first derivative of abatement levels
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Figure S67. Regional COFFEE CHj- Distribution of second derivative of abatement
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Figure S68. Regional COFFEE NO - Distribution of first 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 CHy, - Distribution of first derivative of abatement levels
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Figure S73. Regional GEM CH, - Distribution of second derivative of abatement levels
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Figure S74. Regional GEM N:O - Distribution of first derivative of abatement levels
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Figure S75. Regional GEM N:O - 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 S78. Regional IMAGE CHyj - Distribution of first derivative of abatement levels
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Figure S80. Regional IMAGE N:O - Distribution of first derivative of abatement levels
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Figure S81. Regional IMAGE N:O - Distribution of second derivative of abatement
levels
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Figure S82. Regional MESSAGE CO: - Distribution of first derivative of abatement

levels
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levels
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Figure S84. Regional MESSAGE CHy - Distribution of first derivative of abatement
levels
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Figure S85. Regional MESSAGE CHy - Distribution of second derivative of abatement
levels
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Figure S86. Regional MESSAGE N:O - Distribution of first derivative of abatement
levels
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Figure S87. Regional MESSAGE N:O - Distribution of second derivative of abatement
levels
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Figure S88. The earliest year of achieving net zero indicated by our emulator

We calculated the earliest year of achieving net zero based on the upper limits of the 1% and 2™
derivatives of abatement changes as shown in stars. The distribution of net-zero years in the carbon
budget scenarios of each ENGAGE IAM is shown in circles.
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Figure S89. The relationship between abatement level and carbon price with different
discount rates for GET with different portfolios

The discount rate in the GET model is changed to 3%, 5% (default), and 7%, respectively.
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Figure S90. Overview of the validation results for ACC2-emIAM with REMIND as an
example

The points show the original emission pathways from REMIND obtained from the ENGAGE
Scenario Explorer; the lines show the emission pathways reproduced from ACC2-emIAM. The
same color is used for each pair of original and reproduced pathways. The figure shows the

comparisons from all scenarios.
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Figure S91. Test 1 — GET nine portfolios energy-related CO; validation results
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Figure S92. Test 1 — Global nine IAMs total anthropogenic CO; validation results
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Figure S93. Test 1 — Global nine IAMs total anthropogenic CH,4 validation results
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Figure S94. Test 1 — Global nine IAMs total anthropogenic N,O validation results
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Figure S95. Test 1 - Regional AIM total anthropogenic CO; validation results
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Figure S96. Test 1 - Regional AIM total anthropogenic CH,4 validation results
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Figure S97. Test 1 - Regional AIM total anthropogenic N,O validation results
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Figure S98. Test 1 - Regional COFFEE total anthropogenic CO; validation results
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Figure S99. Test 1 - Regional COFFEE total anthropogenic CH, validation results
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Figure S100. Test 1 - Regional COFFEE total anthropogenic N:O validation results
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Figure S101. Test 1 - Regional GEM total anthropogenic CO; validation results
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Figure S102. Test 1 - Regional GEM total anthropogenic CH, validation results
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Figure S103. Test 1 - Regional GEM total anthropogenic N,O validation results
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Figure S104. Test 1 - Regional IMAGE total anthropogenic CO; validation result
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Figure S105. Test 1 - Regional IMAGE total anthropogenic CH4 validation results
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Figure S106. Test 1 - Regional IMAGE total anthropogenic N:O validation results
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Figure S107. Test 1 - Regional MESSAGE total anthropogenic CO; validation results
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Figure S108. Test 1 - Regional MESSAGE total anthropogenic CH4 validation results
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Figure S109. Test 1 - Regional MESSAGE total anthropogenic N,O validation results
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Figure S111. Test 1 - Global nine IAMs - Reproducibility of total anthropogenic CO;
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Figure S112. Test 1 - Global nine IAMs - Reproducibility of total anthropogenic CHy4
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N20 emissions from ENGAGE database (MtN20 yr-1)
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Figure S113. Test 1 - Global nine IAMs - Reproducibility of total anthropogenic N,O
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CHa emissions from ENGAGE database (MtCHa yr-*)
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Figure S115. Test 1 - Regional AIM - Reproducibility of total anthropogenic CH4

N20 emissions from ENGAGE database (MtN20 yr-1)
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Figure S116. Test 1 - Regional AIM - Reproducibility of total anthropogenic N.O
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Figure S117. Test 1 - Regional COFFEE - Reproducibility of total anthropogenic CO;
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Figure S119. Test 1 - Regional COFFEE - Reproducibility of total anthropogenic N.O
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Figure S121. Test 1 - Regional GEM - Reproducibility of total anthropogenic CH4
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Figure S122. Test 1 - Regional GEM - Reproducibility of total anthropogenic N,O
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Figure S125. Test 1 - Regional IMAGE - Reproducibility of total anthropogenic N.O
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Figure S127. Test 1 - Regional MESSAGE - Reproducibility of total anthropogenic CH4
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Figure S128. Test 1 - Regional MESSAGE - Reproducibility of total anthropogenic N.O
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Figure S131. Test 2 — Global nine IAMs total anthropogenic CH4 validation results
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Figure S132. Test 2 — Global nine IAMs total anthropogenic N,O validation results

75



SUBSAFR

MESSAGEIix-GLOBIOM 1.1

SOUASIA

LATAME

2020 2040 2060 2080 2100 20

20 2040 2060 2080 2100
MIDEAST

PACOECD

20 2040 2060 2080 2100 1000

CO:z emissions (GtCO2 yr-1)

Carbon budget
2019-2100 (GtCO;)

NPi2100
3000
2500
2000
1800
1600
1400
1200

900
800
700
600

500

24
450
04 400
300
-2 200

REFECO

2020 2040 2060 2080 2100 20

OTASIAN

20 2040 2060 2080 210!

0 2020 2040 2060 2080 2100 2020 2040 2060 2080 2100

ovL

3.0 1
2.5

T T — T T T
2020 2040 2060 2080 2100 2020 2040 2060 2080 2100

' T T T
2020 2040 2060 2080 2100

@ ECB scenario without INDC
O PKB scenario without INDC
A ECB scenario with INDC
A PKB scenario with INDC

= ACC2-emIAM

Figure S133. Test 2 - Regional AIM total anthropogenic CO; validation results
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Figure S134. Test 2 - Regional AIM total anthropogenic CH4 validation results
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Figure S135. Test 2 - Regional AIM total anthropogenic N:O validation results
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Figure S136. Test 2 - Regional COFFEE total anthropogenic CO; validation results
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Figure S137. Test 2 - Regional COFFEE total anthropogenic CH, validation results
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Figure S138. Test 2 - Regional COFFEE total anthropogenic N2O validation results

78



SUBSAFR

MESSAGEIix-GLOBIOM 1.1

SOUASIA

20 2040 2060 2080 2100
LATAME

20 2040 2060 2080 21
MIDEAST

PACOECD

20 2040 2060 2080 2100

CO:z emissions (GtCO2 yr-1)

Carbon budget
2019-2100 (GtCO;)

NPi2100
3000
2500
2000
1800
1600
1400
1200
1000
900
800
700
600

5 500
450

04 400
300

2 200

REFECO

T T T 1 0 T T T 1
2020 2040 2060 2080 2100 2020 2040 2060 2080 2100 20

OTASIAN

15 1

10 A

T T T 1 T T T 1 T T T 1
2020 2040 2060 2080 2100 2020 2040 2060 2080 2100 2020 2040 2060 2080 2100

T T T 1-15 T T T
20 2040 2060 2080 2100 2020 2040 2060 2080 2100

@ ECB scenario without INDC
O PKB scenario without INDC
A ECB scenario with INDC
A PKB scenario with INDC

= ACC2-emIAM

Figure S139. Test 2 - Regional GEM total anthropogenic CO; validation results
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Figure S140. Test 2 - Regional GEM total anthropogenic CH, validation results
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Figure S141. Test 2 - Regional GEM total anthropogenic N,O validation results
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Figure S142. Test 2 - Regional IMAGE total anthropogenic CO; validation results
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Figure S143. Test 2 - Regional IMAGE total anthropogenic CH4 validation results
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Figure S144. Test 2 - Regional IMAGE total anthropogenic N:O validation results
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Figure S145. Test 2 - Regional MESSAGE total anthropogenic CO; validation results
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Figure S146. Test 2 - Regional MESSAGE total anthropogenic CH4 validation results
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Figure S147. Test 2 - Regional MESSAGE total anthropogenic N,O validation results
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Figure S149. Test 2 - Global nine IAMs - Reproducibility of total anthropogenic CO;
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Figure S150. Test 2 - Global nine IAMs - Reproducibility of total anthropogenic CHy4
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Figure S151. Test 2 - Global nine IAMs - Reproducibility of total anthropogenic N,O
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Figure S152. Test 2 - Regional AIM - Reproducibility of total anthropogenic CO;
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Figure S153. Test 2 - Regional AIM - Reproducibility of total anthropogenic CH4
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Figure S154. Test 2 - Regional AIM - Reproducibility of total anthropogenic N.O
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CHa emissions from ENGAGE database (MtCHa yr-*)

COFFEE 1.1
Carbon budget
SUBSAFR CHN EUWE SOUASIA 2019-2100 (GtCO;)
© 40 @ ,
NPi2100
257 351 3000
204 304 2500
N 2000
15 A 25 :’;\ 1800
MAE=0.959 ? 239 1600
1044 RMSE=1.064 20 1 RMSE=5.738 1400
10 20 20 30 40 1200
NORAM PACOECD 1000
900
351
800
301 700
25 A 600
201 500
RC=0. 450
1519 MAE=0.792
RMSE=3.04 400
10 20 30 40 e
ROW 200
(k)
0.04 4 @ ECB scenario without INDC
0.02 4 ;E:;:: O PKB scenario without INDC
MAE=nan
0.00 1 RifSEmiie A ECB scenario with INDC
—0.02 1 A PKB scenario with INDC
WAE=0.051 |~0.04 -
RMSE=1.954
20 40 60 30 40 -5 0 5
le-8

CHa emissions from ACC2 model (MtCHa yr-?)

Figure S156. Test 2 - Regional COFFEE - Reproducibility of total anthropogenic CHy4

87



COFFEE 1.1

Carbon budget

SUBSAFR EUWE SOUASIA 2019-2100 (GtCO;)
1.50
1.50 1 NPi2100
1.251
1.25 1 3000
1.004 2500
1.00 1 2000
~ 0.751
T 0.75 4 1800
> 050 a = 1600
Q amse=0162 | 0.50 1 RMSE=0.096 = 1400
= T T T T T T T T T
g 0.5 1.0 1.5 0.5 1.0 1.5, 0.2 0.4 0.6 0.8 1200
= LATAME MIDEAST PACOECD 1000
2 a 0.24 1
© () : 144 900
2 141 : 0.14 4
H 0.22 1.2 4 .
9 124 i 700
ii 1.04 0.12 N
2 0.20 4
g 107 0.8 500
= RP=0.81 0.10 A
w RC=0.625 | 0.18 1 0.6 4 450
= 0.8 MAE=0.625 .
s RMSE=0.099 R 0l08 400
ﬁ 075 1.00 125 1.0 0175 0.200 0.225 0.08 010 0.12 300
S REFECO OTASIAN 200
a2 ) )
E 0.04 4 @ ECB scenario without INDC
o .35 4
o 0:35 0.02 4 O PKB scenario without INDC
X MAE=nan
= 0.30 4 0.00 Al Gt A ECB scenario with INDC
—0.02 iy
RP=0.727 0.0 A PKB scenario with INDC
0.25 1 WAE=0.616 |0.04 1
RMSE=0.093 RMSE=0.021
0.4 0.6 0.8 0.25 0.30 0.35 -1.0 -05 0.0 05

le-9

N20 emissions from ACC2 model (MtNz0 yr-1)

Figure S157. Test 2 - Regional COFFEE - Reproducibility of total anthropogenic N.O

GEM-E3 V2021

Carbon budget

SUBSAFR CHN EUWE SOUASIA 2019-2100 (GtCO;)
4(b)
19 NPi2100
41 3000
10
24 2500
2000
— 54
[ oass °] 1600
i‘ MAE=0.972 MAE=0.953 1600
3 . . RMSE='0.039 0 4 . :1Mse=n.75'5 . ’ -2 ~' . . RMSE=0.419 1400
g 0.00 025 0.50 0 5 10 15 2 4 -25 00 25 1200
; LATAME MIDEAST NORAM PACOECD 1000
7]
8 ]
s () 6 900
% 800
5 2 6 44 700
8 600
I 49 24
o 01 500
E RP=0.958 2 RP=0.953 [E 450
RC=0.945 ‘ RC=0.948 61
£ MAE=0.945 (") MAE=0.948 MAE=0.961 400
o -2 RMSE=0.456 RMSE=0.246 RMSE=0.425
= T T T T T T —2 T T T 300
0] -2 0 2 0.0 25 5.0 7.5 0.0 2.5 5.0
s 200
ﬁ REFECO OTASIAN
’g 2 Ty 1.5 5) @ ECB scenario without INDC
o O PKB scenario without INDC
S 14 1.0
A ECB scenario with INDC
0 0.5 A PKB scenario with INDC

MAE=0.941
RMSE=0.234

0.0 1!

RP=0.966
RC=0.965

MAE=0.965
RMSE=0.105

0.0 0?5 1:0 1j5

CO:z emissions from ACC2 model (GtCOz yr-1)

Figure S158. Test 2 - Regional GEM - Reproducibility of total anthropogenic CO:

88



GEM-E3 V2021

Carbon budget

CHa emissions from ENGAGE database (MtCHa yr-*)

CHa emissions from ACC2 model (MtCHa yr-?)

SUBSAFR CHN EUWE SOUASIA 2019-2100 (GtCO;)
30 4(c) .
NPi2100
3000
25 2500
2000
201 &‘;.é. 1800
" Re=0.737 1600
MAE=0.757
154 RMSE=1.506 1400
1 2 3 4 25 50 75 100 ' 25 ' 1200
1000
351 900
304 800
25 700
600
201 500
i vit =0
104 MAE=0.413 400
RMSE=3.089
T 300
10 20 30 200
120 @ ECB scenario without INDC
100 O PKB scenario without INDC
80 4 A ECB scenario with INDC
A PKB scenario with INDC
4 60
P-é‘%m
SrriE
40 4
. ’ 5 ; RMSE=3.123
10 20 5 10 15 20 0 50 100

Figure S159. Test 2 - Regional GEM - Reproducibility of total anthropogenic CH4

SUBSAFR

CHN

GEM-E3 V2021

EUWE

SOUASIA

Carbon budget
2019-2100 (GtCO;)

0.40 1

0.30 {0

@ ECB scenario without INDC

O PKB scenario without INDC

(a) (b)
0.10 4 2.00 4 NPi2100
L5 3000
0.08 A ' 2500
1.50 - 2000
= 1800
. 0.06-
£ 1.25 4 o 0.
> Re=0871 to MRctoss RC=09% 1600
Q AMSE=0.004 1 / RMSE0.073 AMSE=0.048 1400
Z 004 : 0013 : - - - v . N
s 004 006 008 0.10 1.0 15 2.0 1.00 125 150 0.75 1.00 125 1200
e LATAME MIDEAST NORAM PACOECD 1000
T 14e (f) 900
Q
© 0.30 800
© 1.2
o 700
G 104 0.25 600
& 500
> 081
w RPf0.9§4 0.20 RPiO,QGB ;PiO.QOG 450
E 067F WAE=0.040 @ MAE=0.956 WAE=0.670 400
o RMSE=0.055 RMSE=0.01 RMSE=0.03
= " : : : : . 300
o 0.5 1.0 020 025 0.30 0.4 0.6 200
1=) REFECO OTASIAN
8
£
v
2
=

0.354

0.25 4

0.30 4

0.25 9] 0.20 1
RP=0.935 RP=0.879
RC=0.929 B RC=0.84
0.20 1 MAE=0.929 O MAE=0.84
A RMSE=0.01 | 1.5 RMSE=0.202
0.15 T T T T T T
0.2 0.3 0 4 015 020 025 0.30 1 2 3

N20 emissions from ACC2 model (MtNz0 yr-1)

A ECB scenario with INDC

A PKB scenario with INDC

Figure S160. Test 2 - Regional GEM - Reproducibility of total anthropogenic N,O

89



IMAGE 3.0

Carbon budget

SUBSAFR CHN EUWE SOUASIA 2019-2100 (GtCO;)
(a)
12.51 NPi2100
10.0 A 3000
754 2500
2000
- >0 1800
5 251 N 1600
o RM:
o 0.0 i+ . . . r r v 1400
g 0 5 10 -5 0 5 10 1200
@ LATAME MIDEAST 1000
w
L " 1G] (f) 900
8 34 800
©
o 34 700
] 21 2 600
R 500
= 11
o] RP=0.906 1 450
RC=0.896 R 56
€ 01 MAE=0.896 MAE=0.956 400
o RMSE=0.492 RMSE=0.18
= - - - 0+, - - " T 300
ol 0 2 4 0 2 0 2 4 6 1
s 200
@ REFECO OTASIAN ROW
.g N 6 0 08 _(k) @ ECB scenario without INDC
N 5 O PKB scenario without INDC
o
O 41
14 0.6 1 ade’ A ECB scenario with INDC
07 24 A PKB scenario with INDC
-19 Re=0.963 0953 | 0.44
MAE=0.963 0 MAL 53 M, 568
-24 RMSE=0.339 RMSE=0.366 RMSE=0.192
-2 0 2 0 2 4 6 0.0 0.5

CO:z emissions from ACC2 model (GtCOz yr-1)

Figure S161. Test 2 - Regional IMAGE - Reproducibility of total anthropogenic CO:

IMAGE 3.0
Carbon budget
SUBSAFR CHN EUWE SOUASIA 2019-2100 (GtCO;)
90
(a) (b) 35 (d) '
1 80 1 NPi2100
80 304 60
3000
70 A 60 25 501 2500
60 q 2000
T 504 40 201 401 1800
> - X 15 1 Ly [yt | 1600
< 40 4 MAL 21 20 A MAE=0.846 [y MAE=0.686 30 M) 682
5 RMSE=6.252 RMSE=9.826 RMSE=4.541 RMSE=6.758 1400
s 40 60 80 25 50 75 10 20 30 40 60 1200
o LATAME MIDEAST NORAM PACOECD 1000
% (e) &) (9) 201 900
Q 55 4 17.54
o 40 800
T 5 15.0 15 1 700
w
g 12.5 1 304 600
& 454 10 500
= 10.0 1
T - : - : 450
1S MAE=0724 [ 7.5 ] WAE=0.636 20 1 VAE-0.678 LY MAE=0.697 400
o RMSE=3.527 RMSE=2.718 RMSE=4.204 51 RMSE=1.679
4= u T T T T T T T T T 300
2 40 50 10 15 20 30 40 10 15 20 200
.g REFECO OTASIAN ROW
é 401 (0] 0.0a 0 @ ECB scenario without INDC
£ 30 30 4 0.02 1 ;c,,,nan O PKB scenario without INDC
O oo T
SigoH] RNV\II\ASEE:nDE.?b A ECB scenario with INDC
20 A I
20 _0.02 4 A PKB scenario with INDC
10 1 @ MAE=0.621 MAE=0.844 [—0.04
RMSE=7.386 104 RMSE=3.788
10 20 30 40 10 20 30 -0.05 0.00 0.05

CHa emissions from ACC2 model (MtCHa yr-1)

Figure S162. Test 2 - Regional IMAGE - Reproducibility of total anthropogenic CH,4

90



SUBSAFR

CHN

IMAGE 3.0

EUWE

SOUASIA

Carbon budget
2019-2100 (GtCO;)

2.0

1.8

1.6

NPi2100
3000
2500
2000
1800
1600
1400

1200
1000

2.0 A

1.8

MAE=0.|
RMSE=0.151

RP=0.97
1.4 =3 MAE=0.935
RMSE=0.056 RMSE=0.056 RMSE=0.104
14 16 18 20 15 2.0 75 100 125 150
LATAME MIDEAST NORAM
) @ 0.40 |

0.38 -
0.36
0.34
0.32 A
0.30

900
800
700
600
500
450
400

2.0 2.2

0.3

0.4 0.5

N20 emissions from ENGAGE database (MtN20 yr-1)

1.8 0.6
REFECO OTASIAN
0.8 {0 L0
0.9 A
0.7 0.81
0.6 .71
]
| 0.6 4

MAE=0.371

RMSE=0/095

RMSE=0.092

07 o8

0.8

10

-1 0 1 2

N20 emissions from ACC2 model (MtNz0 yr-1)

300
200

@ ECB scenario without INDC
O PKB scenario without INDC
A ECB scenario with INDC

A PKB scenario with INDC

Figure S163. Test 2 - Regional IMAGE - Reproducibility of total anthropogenic N.O

MESSAGEix-GLOBIOM 1.1

Carbon budget

SUBSAFR CHN EUWE SOUASIA 2019-2100 (GtCO;)
10 A
@ (b) (d NPi2100
6 84 !
4 10 3000
51 2500
21 5 44 2000
T e A e 21 s oo
- =74 MAE=0.971 01 A MAE=0.983 o] MAE=0.936 1600
S . RMSER0.305 4 L ' L 1400
g 0 5 0 5 10 0 5 10 1200
P LATAME MIDEAST PACOECD 1000
0
8 5@ g M (h) 900
% 1.5 800
3 50 6 1.0 700
Y !
g 2.5 600
O 00 41 0:5:1 500
E 25 RP=0.959 RP=0.964 01 RP=0.981 0.0 RP=0.986 450
—2.51 RC=0.953 21 RC=0.949 RC=0971 . RC=0.985
£ MAE=0.953 MAE=0.949 MAE=0.971 MAE=0.985 400
o —5.01% RMSE=0.648 RMSE=0.327 —2i RMSE=0.435 —0.54% RMSE=0.08
= . .
= T T ; T T T T r . T T 300
) -5 0 5 25 5.0 7.5 -25 00 25 5.0 1
S 200
@ REFECO OTASIAN ROW
o 4 -
g (i) 6 1) 08 -(k) @ ECB scenario without INDC
o 31 O PKB scenario without INDC
8 4 0.6/
2 ] A ECB scenario with INDC
g 21 0.41%
b f A PKB scenario with INDC
04 RP=0.985 RP=0.978 0244 RP=nan
RC=0.983 0 RC=0.977 ] RC=0.0
MAE=0.983 MAE=0.977 ] MAE=0.0
-1 RMSE=0.148 RMSE=0.235 0.0 {¢ RMSE=0.621
0 2 4 0.0 25 5.0 0.00 0.25 0.50 0.75

CO:z emissions from ACC2 model (GtCOz yr-1)

Figure S164. Test 2 - Regional MESSAGE - Reproducibility of total anthropogenic CO:

91



CHa emissions from ENGAGE database (MtCHa yr-*)
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Figure S170. Test 3 - Regional AIM total anthropogenic CO; validation results
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Figure S171. Test 3 - Regional AIM total anthropogenic CH4 validation results
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Figure S172. Test 3 - Regional AIM total anthropogenic N:O validation results
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Figure S173. Test 3 - Regional COFFEE total anthropogenic CO; validation results
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Figure S174. Test 3 - Regional COFFEE total anthropogenic CH, validation results
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Figure S175. Test 3 - Regional COFFEE total anthropogenic N2O validation results
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Figure S176. Test 3 - Regional GEM total anthropogenic CO; validation results
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Figure S177. Test 3 - Regional GEM total anthropogenic CH, validation results
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Figure S178. Test 3 - Regional GEM total anthropogenic N,O validation results
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Figure S179. Test 3 - Regional IMAGE total anthropogenic CO; validation results

MESSAGEix-GLOBIOM 1.1
Carbon budget
SUBSAFR CHN EUWE SOUASIA 2019-2100 (GtCO;)

NPi2100
3000
2500
2000
1800
1600

1400

1200
00 2020 2040 2060 2080 2100 2020 2040 2060 2080 2100 020 2040 2060 2080 2100 1000
LATAME MIDEAST NORAM PACOECD 200

800
700
600
500
450
400
300
200

N

CHa emissions (MtCHa yr—?)

020 2040 2060 2080 2100 2020 2040 2060 2080 2100 2020 2040 2060 2080 2100 2020 2040 2060 2080 2100
REFECO OTASIAN ROW @ ECB scenario without INDC

0.04 _(k) O PKB scenario without INDC

N

0.02 4 A ECB scenario with INDC

A PKB scenario with INDC
0.00

= ACC2-emIAM
—0.02 1

—0.04 4

2020 2040 2060 2080 2100 2020 2040 2060 2080 2100 2020 2040 2060 2080 2100

Figure S180. Test 3 - Regional IMAGE total anthropogenic CH4 validation results
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Figure S181. Test 3 - Regional IMAGE total anthropogenic N:O validation results
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Figure S182. Test 3 - Regional MESSAGE total anthropogenic CO; validation results
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Figure S183. Test 3 - Regional MESSAGE total anthropogenic CH4 validation results
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Figure S184. Test 3 - Regional MESSAGE total anthropogenic N,O validation results
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Figure S186. Test 3 - Global nine IAMs - Reproducibility of total anthropogenic CH,4
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Figure S187. Test 3 - Global nine IAMs - Reproducibility of total anthropogenic N,O
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Figure S188. Test 3 - Regional AIM - Reproducibility of total anthropogenic CO;
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Figure S189. Test 3 - Regional AIM - Reproducibility of total anthropogenic CH4
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Figure S190. Test 3 - Regional AIM - Reproducibility of total anthropogenic N.O
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Figure S191. Test 3 - Regional COFFEE - Reproducibility of total anthropogenic CO;
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Figure S192. Test 3 - Regional COFFEE - Reproducibility of total anthropogenic CH4
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Figure S193. Test 3 - Regional COFFEE - Reproducibility of total anthropogenic N.O
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Figure S195. Test 3 - Regional GEM - Reproducibility of total anthropogenic CH4
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Figure S197. Test 3 - Regional IMAGE - Reproducibility of total anthropogenic CO:
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Figure S198. Test 3 - Regional IMAGE - Reproducibility of total anthropogenic CH,4
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Figure S199. Test 3 - Regional IMAGE - Reproducibility of total anthropogenic N.O
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Figure S201. Test 3 - Regional MESSAGE - Reproducibility of total anthropogenic CH4
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Figure S205. Test 4 — Global nine IAMs total anthropogenic CH4 validation results
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Figure S206. Test 4 — Global nine IAMs total anthropogenic N,O validation results
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Figure S207. Test 4 - Regional AIM total anthropogenic CO; validation results
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Figure S208. Test 4 - Regional AIM total anthropogenic CH4 validation results
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Figure S209. Test 4 - Regional AIM total anthropogenic N:O validation results
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Figure S210. Test 4 - Regional COFFEE total anthropogenic CO; validation results
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Figure S211. Test 4 - Regional COFFEE total anthropogenic CH, validation results
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Figure S212. Test 4 - Regional COFFEE total anthropogenic N2O validation results
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Figure S213. Test 4 - Regional GEM total anthropogenic CO; validation results
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Figure S214. Test 4 - Regional GEM total anthropogenic CH, validation results
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Figure S215. Test 4 - Regional GEM total anthropogenic N,O validation results
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Figure S217. Test 4 - Regional IMAGE total anthropogenic CH4 validation results
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Figure S218. Test 4 - Regional IMAGE total anthropogenic N:O validation results
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Figure S219. Test 4 - Regional MESSAGE total anthropogenic CO; validation results
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Figure S220. Test 4 - Regional MESSAGE total anthropogenic CH4 validation results
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Figure S221. Test 4 - Regional MESSAGE total anthropogenic N,O validation results
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CO:2 emissions from ENGAGE database (GtCOz yr-1)
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N20 emissions from ENGAGE database (MtN20 yr-1)
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Figure S227. Test 4 - Regional AIM - Reproducibility of total anthropogenic CH4
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Figure S236. Test 4 - Regional IMAGE - Reproducibility of total anthropogenic CH,4

127



N20 emissions from ENGAGE database (MtN20 yr-1)
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Figure S237. Test 4 - Regional IMAGE - Reproducibility of total anthropogenic N.O
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MESSAGEix-GLOBIOM 1.1

Carbon budget

SUBSAFR CHN EUWE SOUASIA 2019-2100 (GtCO;)
10
6 () (d) .
sl NPi2100
3000
& 61 2500
4 2000
24 4
1800
RC=0.987 21 Re=0.958 1600
0 MAE=0.987 MAE=0.956
RMSE=0.18 0 RMSE=0.376 1400
' 5 10 00 25 50 0 5 10 1200
MIDEAST NORAM PACOECD 1000
754 g4 69 (h) 900
1.51 800
5.0 41
6 1.0 700
2.5 5] 600
0.0 4 9.3 500
0 ] - 450
-251 24 0.0 REZ0.58
M 945 MAE=0.954 MAE=0.979 MAE=0.988 400
—5.0 4 RMSE=0.687 RMSE=0.308 -2 A RMSE=0.406 —0.5 4 RMSE=0.076
T T T T T T T T T T : T T 300
=5 0 5, 2.5 5.0 7.5 -2.5 0.0 2.5 5.0 0 1 200
REFECO OTASIAN ROW
4
(i 61G) 0.8 &) @ ECB scenario without INDC
34
4 0.6 O PKB scenario without INDC
24 | ] . "
A ECB scenario with INDC
044"
14 25 I
f A PKB scenario with INDC
ol 0.21# RP=nan
04 | RC=0.0
MAE=0.977 B MAE=0.0
-1 RMSE=0.219 | ( 0 {\/ RMSE=0.621
0 2 4 0.0 2.5 5.0 0.00 0.25 050 0.75

CO:z emissions from ACC2 model (GtCOz yr-1)
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Figure S239. Test 4 - Regional MESSAGE - Reproducibility of total anthropogenic CH4
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Figure S240. Test 4 - Regional MESSAGE - Reproducibility of total anthropogenic N.O
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Figure S241. Validation results for ACC2-emIAM with mean and upper MAC curves
from REMIND

The points show the original emission pathways from REMIND obtained from the ENGAGE
Scenario Explorer; the lines show the emission pathways reproduced from ACC2-emIAM by using
the mean (the first column) and upper (the second column) MAC curves. The third column presents
the uncertainty (shaded band within two emissions pathways) of ACC2-emIAM by using different
MAC curves (only cases with the carbon budgets of 600, 1000, 2000, and 3000 GtCO» are shown
here). The fourth column shows the errors from the reproduced scenarios (ACC2-emIAM) relative
to the original scenarios (REMIND). Positive values indicate ACC2-emIAM gives higher estimates
than REMIND and vice versa. The same color is used for each pair of original and reproduced
pathways. For the sake of presentation, only the outcomes of the PKB scenarios without INDC are
presented. It should be noted that we only report the reproducibility results based on the upper range
of the MAC curve (95% confidence interval). We tried with the lower range of the MAC curve (95%
confidence interval) as well, but we were not able to obtain reasonable results because of the
negative segment of the lower MAC curve. The negative segment requires re-defining the problem
as a new type of mathematical problem (a discontinuous nonlinear program (DNLP)), which either
made it too complex to solve in our GAMS CONOPT3/4 computational environment or made the

optimal solution unreliable (i.e., the solution becomes dependent on initial conditions).
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