1  Supplementary Information

2  Table S1. Regrouped region names and corresponding region names in each model.

Regrouped IMAGE EDGAR QUANTIFY | IEA/SMP
region name
. OECD North
North America | Canada, U. S. Canada, U. S. NAM America
. . . . Mexico, Rest Central America, . .
Latin America Central America, South America Brazil, Rest South America LAM Latin America
. Northern Africa, Western Africa, | Northern Africa, Western Africa, .
Africa Eastern Africa, Southern Africa Eastern Africa, Southern Africa AFR Africa
Europe OECD Europe, Eastern Europe OECD Europe, Central Europe EU15, CEC OECD Europe,
' ' ' Eastern Europe
Former USSR Former USSR Ukraine+, Asia-Stan, Russia+ CIS FSU
Middle East Middle East Turkey, Middle East MEA Middle East
South Asia South Asia India+ SAS India
East Asia East Asia Korea, China+ EAS China
Southeast Asia | Southeast Asia Southeastern Asia, Indonesia+ SEA Other Asia
Pacific Oceania, Japan Oceania, Japan OCN OECD Pacific
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Table S2. Key information, assumptions and major data sources for shipping fuel consumption.

Variable (unit) Symbol? Period Data Data Flow/Product or Calculation
Source Type

Marine distillate oil (MDO)

by international marine FCieampo,intk(t) 1971-2010 IEA® raw MARBUNK/GASDIES®

bunkers (ktonne/year)

Marine distillate oil (MDO)

by domestic navigation FCieampo,domk(t) 1971-2010 IEA® raw DOMESNAV/GASDIES®

(ktonne/year)

Marine distillate oil

(MDO)by fishing FCieamposfisningk(t) 1971-2010  IEA® raw FISHING/GASDIES®

(ktonne/year)

Heavy (residual) fuel oil

(HFO) by international FCieanro,intk(t) 1971-2010 IEAP raw MARBUNK/RESFUEL+ other heavy fuel oil®*

marine bunkers (ktonne/year)

Heavy (residual) fuel oil
(HFO) by domestic FCieaHro.domk(t) 1971-2010 IEAP raw DOMESNAV/RESFUEL+ other heavy fuel oil®
navigation (ktonne/year)

Heavy (residual) fuel oil

EI;FO) k/)y fis)hing FCieanrofishingk(t) ~ 1971-2010 IEAP raw FISHING/RESFUEL+ other heavy fuel oil®f
tonne/year
S}I&%&;Léud consumption by FCylobani(t) 2011-2050 IIEEyﬁt;lg etal. calculated govati (1) = { Z;Zk: FOenims (1) (1:2010),

(2005b) FC et (2010)x S, (1) (t >2010)
Regional fuel growth rate oy mki(t) 2011-2050 :Eﬂ'ﬁg\é{?c calculated (t) = (%k,(it(i)l)_l]m +1°
Nt P e 0 X T M

I m k

Efjg:]onrf}:/zgf)' consumption g iy 2011-2050 - calculated  FC, pye; (£) = FCom (1)% fymps (1)

-
OWOoO~ONU1

@ FC = Fuel Consumption; int = international marine bunker (MARBUNK), dom = domestic navigation (DOMESNAV); subscripts i, k, I, and m represent scenario (A1B, A2, B1, and B2), region (1-17),
fuel type (MDO and HFO), and shipping category (int, dom, and fishing); variable t represents calendar year.

P |[EA (2012a, b)

¢ Fulton and Eads (2004)

¢ RIVM (2001); MNP (2006)

¢ The integration is the same as Bond et al. (2004); GASDIES and RESFUEL represent gas/diesel and fuel oil.

2



"B is annual growth rate for global fuel consumption from Eyring et al. (2005); it is distinguished by scenario and calendar year. For years 2011-2020, B is 2.08%, 1.65%, 1.94%, and 1.85% per year for
AlB, A2, B1, and B2, respectively; for years 2021-2050, the values are 1.93%, 1.14%, 1.59%, and 1.40% per year, respectively.

9 GDP = Gross Domestic Product, from IMAGE (RIVM, 2001; MNP, 2006);y, taken from IEA\SMP model (Fulton and Eads, 2004), is elasticity and represents the relative growth rate of fuel
consumption to GDP



Table S3. Key information, assumptions and major data sources for aviation fuel consumption.

Variable (unit) Symbol? Period Data Source _I?S;‘: Flow/Product or Calculation
Aviation fuel consumption  po = @y 19712010  IEAY raw DOMESAIR+AVBUNK/AVGAS+JETGAS+ETKERO®
(ktonne/year) :
. FCpnuri (1) (t<2010)
Global fuel consumption Z IEAair k f
- FCieaairki(t 2011-2050 - calculated FC . (t)= k

by aviation (ktonne/year) iesirki(l) owa (1) FCyiopars (2010)x S (t) (t>2010)

: ¢ d GDR,(t) .Y :
Regional fuel growth rate  aairkigy 2011-2050 IEA\SMPS; IMAGE®  calculated @, (t)= GDP—'(tl)—l +1|x(1+ p)

ki\t ™

) . fari (2010) %y, ;i (1)
regional fraction of fuel o i i f (1) = ik air ki
consumption ki) 2011-2050 calculated  farki () S 1, (2010)xety 1, (0)

k

Regional fuel consumption FCairiki (1) 2011-2050 - calculated  FC,;(t)= FCoiobati ()% Far (t)

(ktonne/year)

N DNINNNNNNF
~ OOUIROWNFOWoO~

# FC = Fuel Consumption; Air = Aviation, including domestic air (DOMESAIR) and international aviation bunkers (International aviation bunkers); subscripts i and k represent scenario (A1B, A2, B1,
and B2) and region (1-17); variable t represents calendar year.

P |[EA (2012a, b)

¢ Fulton and Eads (2004)

¢ RIVM (2001); MNP (2006)

¢ The integration is the same as Bond et al. (2004); AVGAS, JETGAS, and JETKERO represent aviation gasoline, gasoline type jet fuel, and kerosene type jet fuel, respectively.

B is an annual growth rate for global fuel consumption from Owen et al. (2010); it is distinguished by scenario and calendar year. For years 2011-2020, B is 3.55% per year for all the four scenarios; for
years 2021-2050, the values are 2.78%, 1.12%, 0.79%, and 0.86% per year, for A1B, A2, B1, and B2, respectively.

9 GDP = Gross Domestic Product, from IMAGE (RIVM, 2001; MNP, 2006);y, taken from IEA\SMP model (Fulton and Eads, 2004), is elasticity and represents the relative growth rate of revenue
passenger kilometers (RPK) to GDP;  is the improvement rate of energy intensity, it is also taken from IEA\SMP model (Fulton and Eads, 2004)
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Table S4. Key information, assumptions and major data sources for rail fuel consumption.

Variable (unit) Symbol? Period Data Source Data Type Flow/Product or Calculation

Eﬁg n‘;‘é /;‘zgi;’mpt'on FCramionet)  1971-2010  IEA® raw RAIL/GASDIES+RESFUEL+ other heavy fuel oil°

?ki;,'n"n"ea,'ygggs“mp“"” FCamicou()  1971-2010  IEA? raw RAIL/ANTCOAL + COKCOAL-+ other kinds of coal®
Ymk

Regional energy growth GDR, (t f

ratg 99 Gt mici(8) 20112050  IEA\SMPS; IMAGEY calculated @y (1) = [ﬁ(t(_)l)—l +1|x(14 )

Regional oil FCrail oit ki (t) = FCga rait oit k (ZOlO)Xarail,k,i 9

consumption (except FCurainoiiki () 2011-2050 IEA\SMP® calculated

East Asia) (ktonne/year) (Where it sei = Tt X Crait i + Frassin Xarail,pass,k,i)

East Asia oil and coal

. FC i X | X rail ,Eas sialxxl t
consumption FCraiI,I,EastAsia,i(t) 2011-2050 - calculated o . (t)z[lczoaml IEA rail | East(2010) QJ Qi Eastasia, ( )h
(ktonne/year) rail | Easasia, 3

8 FC = Fuel Consumption; subscripts i, k, and m represent scenario (A1B, A2, B1, and B2), region (1-17), subgroup of railway (freight and passenger rail transport); variable t represents calendar year.
P |[EA (2012a, 2012h)

¢ Fulton and Eads (2004)

¢ RIVM (2001); MNP (2006)

¢ The integration is the same as Bond et al. (2004); GASDIES, RESFUEL, ANTCOAL, and COKCOAL represent gas/diesel, fuel oil, anthracite, and coking coal, respectively.

fGDP = Gross Domestic Product, from IMAGE (RIVM, 2001; MNP, 2006); y, taken from IEA\SMP model (Fulton and Eads, 2004), is elasticity and represents the relative growth rate of total
passenger-km of travel for passenger rail or total tonne-km of travel for freight rail to GDP; p is an improvement rate of energy intensity, it is also taken from IEA\SMP model (Fulton and Eads, 2004)
9 f is the fraction of energy by passenger and freight rail, coming from IEA\SMP model; frt = freight, pass = passenger; middle distillate and residual fuel are treated in the same way, so that the growth
rate of energy is also the growth rate of oil consumption

" | represents coal or oil; Q, is energy content of coal or oil; X,(t) is the fraction of coal or oil in calendar year t, and estimated by transition curve in Bond et al. (2004):

Xcoal (t) = ( xcoaI,O - Xcoal,f )e[_(‘_‘O)Z/ZSZ]

Xeoal, 0 = 0.65, Xeoarf = 0, to = 2010, and s = 12 years. Then Xoi (t) = 1- Xcoar (t).

+ Xar ¢ » Where Xo and X are the initial and final values of the energy fraction by coal; to is the time at which the transition begins, and s is the rate. Here



41  Table S5. CO emission projections from different regions in years 2010, 2030, and 2050 (Unit:
42  Tglyear).

. 2030 2050

Region 010 —x98~ A2 BI B2| AlB A2 Bl B2
Canada 184| 168 152 138 130| 1.66 159 118 1.00
u.s. 11.4| 113 919 963 819| 107 836 7.64 571
Central America 145| 551 488 476 421| 442 402 331 225
South America 110 | 567 517 486 443| 515 497 406 298
Northern Africa 800 | 577 518 551 491| 597 453 468 3.64
Western Africa 724| 214 150 182 137| 335 212 248 147
Eastern Africa 089 | 342 217 298 204| 104 535 746 357
Southern Africa 6.38| 408 318 355 312| 293 181 207 147
OECD Europe 931| 755 709 620 596 679 719 499 4.06
Eastern Europe 2.21 167 109 120 1.17 144 108 1.03 0.86
Former USSR 106 | 141 939 858 939| 125 874 711 768
Middle East 115| 673 624 572 530| 826 843 557 553
South Asia 6.84| 151 899 119 130| 292 153 178 165
East Asia 205| 207 129 176 175| 222 110 153 167
Southeast Asia 110| 100 6.67 7.78 7.77| 107 7.4 724 649
Oceania 146| 111 083 092 079| 098 073 072 060
Japan 219| 1.81 158 149 150| 157 134 115 101
Total 137 | 138 101 112 104| 168 113 116 9
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Table S6. NO emission projections from different regions in years 2010, 2030, and 2050 (Unit:

Tglyear).
) 2030 2050

Region 2010 418 A2 B1 B2| AIB A2 B1 B2
Canada 0.80 052 047 046 046 058 046 043 041
u.s. 5.89 465 413 409  3.99 560 438 395  3.87
Central America 278 199 181 181 161 193 159 159 126
South America 4.45 321 301 292 277 339 282 278 231
Northern Africa 1.67 211 175 189 157 207 145 150  1.13
Western Africa 1.02 286 206 247  1.90 515 333  3.86  2.34
Eastern Africa 0.26 095 061 083  0.58 289 147 206  1.01
Southern Africa 1.22 163 126 144 121 148 096 113  0.90
OECD Europe 8.50 630 576 576 555 724 590 576  5.40
Eastern Europe 1.23 102 075 080  0.79 099 070 073  0.67
Former USSR 2.84 252 18 190  1.90 233 161 160 158
Middle East 5.49 486 459 448 415 578 503 460  4.09
South Asia 274 276 186 226  2.38 343 176 243 218
East Asia 8.71 981 741 846 88l 123 759 924 948
Southeast Asia 6.31 682 556 597 6.5 823 585 659  6.69
Oceania 0.72 054 047 047 046 054 042 038  0.38
Japan 1.46 096 090 088  0.87 109 091 085 084
Total 56.1 535 442 469 452 651 462 495 445
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Table S7. THC emission projections from different regions in years 2010, 2030, and 2050 (Unit:

Tglyear).
) 2030 2050

Region 2010 418 A2 B1 B2 | AIB A2 B1 B2
Canada 019| 016 014 013 013| 017 014 012 011
uU.s. 108| 109 088 094  0.83 117 082 087 067
Central America 201| 077 070 068 061| 069 062 054 039
South America 164| 08 078 074 069| 08 076 067 051
Northern Africa 113| 098 089 095 084| 08 069 071 057
Western Africa 076 | 225 159 192 146 | 365 232 272 162
Eastern Africa 011| 043 028 038 026 132 069 095 046
Southern Africa 072| 058 045 051  045| 044 028 033 024
OECD Europe 120| 097 087 085  0.80 101 08 081 068
Eastern Europe 0.34 0.25 0.17 0.19 0.19 0.23 0.17 0.17 0.14
Former USSR 145| 169 114 107 115 165 115 097 103
Middle East 1.77 110 103 097 091 137 132 098 094
South Asia 110| 189 114 150 1.62| 376 197 233 215
East Asia 300| 318 212 272  276| 364 196 262 279
Southeast Asia 175| 163 118 133  1.35 192 131 140 131
Oceania 022| 016 012 014 012| 014 011 011 0.9
Japan 026| 020 017 017 017| 020 016 016  0.14
Total 188 | 182 136 152  143| 231 1563 165 138
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Table S8. PM emission projections from different regions in years 2010, 2030, and 2050 (Unit:

Tglyear).
) 2030 2050

Region 2010 418 A2 B1 B2 | AIB A2 B1 B2
Canada 006 | 003 003 003 003| 003 003 003 003
uU.s. 033| 025 023 024 023| 030 024 025 023
Central America 016 | 015 014 014 013| 015 013 013  0.11
South America 035| 025 024 024 023| 025 022 022 018
Northern Africa 016 | 020 017 018 016| 015 012 012 0.0
Western Africa 006| 015 012 014 011| 032 020 024 015
Eastern Africa 002| 009 006 008 005| 027 014 020  0.10
Southern Africa 009| 014 011 013 011| 012 008 009 008
OECD Europe 054 | 045 042 043 041| 052 044 047 042
Eastern Europe 0.10 0.07 0.05 0.06 0.05 0.06 0.04 0.05 0.04
Former USSR 025| 021 016 016 016| 018 012 012 012
Middle East 044| 040 038 038 035| 043 037 037 032
South Asia 029| 028 019 024 025| 041 021 028 025
East Asia 082| 09 071 08 087| 091 057 073 074
Southeast Asia 055| 061 051 055 057| 073 052 062 062
Oceania 006| 004 003 004 003| 003 002 003 002
Japan 010| 007 007 007 006| 008 007 007 007
Total 437 | 436 362 393  380| 494 353 402 358
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Table S9. BC emission projections from different regions in years 2010, 2030, and 2050 (Unit:

Gglyear).
. 2030 2050

Region 2010 478 A2 B1 B2 | AIB A2 BL B2
Canada 23 10 8 9 8 9 7 7 6
U.S. 113 67 52 58 52 75 51 57 44
Central America 61 56 52 50 47 48 41 39 29
South America 152 100 95 90 88 84 12 67 55
Northern Africa 75 95 83 88 76 84 60 63 48
Western Africa 25 72 52 63 48 149 94 111 67
Eastern Africa 12 46 30 41 29 149 76 108 53
Southern Africa 38 62 49 55 48 51 31 37 30
OECD Europe 151 89 73 78 73 96 73 78 64
Eastern Europe 46 34 25 27 27 28 20 21 18
Former USSR 116 88 64 64 66 62 44 41 41
Middle East 170 140 134 127 121 133 123 100 93
South Asia 139 124 87 104 109 161 82 112 99
East Asia 265 283 208 244 253 179 114 129 135
Southeast Asia 171 154 125 132 138 146 101 110 107
Oceania 24 16 13 14 13 11 8 9 8
Japan 27 11 10 10 10 13 10 10 9
Total 1608 1447 1160 1254 1206 1478 1005 1100 906
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Table S10. OC emission projections from different regions in years 2010, 2030, and 2050 (Unit:

Gglyear).
. 2030 2050

Region 2010 AlB A2 B1 B2 AlB A2 B1 B2
Canada 17 8 7 7 7 7 6 6 5
U.S. 74 48 42 44 41 53 41 43 37
Central America 35 34 32 31 29 32 29 27 23
South America 74 59 57 54 52 51 46 43 35
Northern Africa 42 52 47 50 44 51 40 42 34
Western Africa 12 32 24 28 22 66 42 50 31
Eastern Africa 5 17 12 15 11 54 29 39 20
Southern Africa 17 28 22 25 22 27 16 20 17
OECD Europe 90 64 58 59 56 68 59 59 52
Eastern Europe 22 16 12 13 13 12 9 9 8
Former USSR 69 82 57 55 58 67 47 39 42
Middle East 83 76 73 71 67 72 66 59 53
South Asia 72 118 75 98 103 211 107 140 127
East Asia 160 259 178 227 233 188 104 143 151
Southeast Asia 97 110 87 96 98 118 83 93 91
Oceania 15 12 10 11 10 9 7 8 7
Japan 18 10 9 9 9 11 9 9 9
Total 902 1025 803 894 876 1097 740 830 740
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Scenario A2 by transport mode Scenario B1 by transport mode Scenario B2 by transport mode
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61  Fig. S1. Estimated global fuel consumption and emissions of CO, NOx, THC, and PM
62  segregated by transport mode under scenarios A2 (left), B1 (middle), and B2 (right).
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64  Fig. S2. Transport mode contributions to fuel consumption and emissions of CO, NOy, THC, and
65 PM under scenario A1B in years 2010 (left) and 2030 (right). The grey bars represent the
66  regional contributions to the global emissions.
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