Delivering the 2 degree global climate change target using a flexible ratchet framework

Supplementary Information

1. IPCC RCP scenarios normalised to per capita equity

Each of the four IPCC 5th Assessment Report (AR5) Relative Concentration Pathways (RCPs) have been normalised into per capita equity/average metrics by using IPCC total GHG annual emissions (GtCO2e), and UN World Prospects historic and projected population data (see Methods). The resultant per capita pathways are shown in Figure S1. As noted, the RCP4.5 scenario results in a stabilisation of per capita emissions at 6.0 tCO2ecapita-1 in approximately 2040 before a steep contraction profile to 2.2 tCO2ecapita-1 in 2080.


2. Selection of RCP4.5: Comparison of INDCs and RCP temperature targets
Selected modelling of the RCP4.5 scenario was chosen as the example iteration of the framework as a stepwise increase in ambition from submitted INDCs. It’s estimated that current INDC submissions will fail to produce the level of commitment needed to limit average global temperature rise to 2°C. Best estimates project this action to limit warming to approximately 2.7°C, with a 66% likelihood of limiting below 3°C (http://climateactiontracker.org/news/224/indcs-lower-projected-warming-to-2.7c-significant-progress-but-still-above-2c-.html).

Table S1 details the expected average temperature increases for each of the IPCC AR5 RCP scenarios. Temperatures are provided as the level of increase above the reference period 1986-2005. As shown, RCP4.5 projects a mean surface temperature increase of 1.8°C by 2100. Assuming an average pre-industrial temperature increase of 0.6°C prior to the reference period (IPCC, 2014), RCP4.5 will result in an average temperature increase of 2.4°C (likely range 1.7-3.2°C). 

The RCP4.5 pathway was therefore selected as a bridging stepwise increase in ambition from current INDC proposals. However, it is acknowledged that such a pathway would be unlikely to limit mean temperature increases to 2°C.

3. Comparison of framework targets to INDCs of key emitting parties
Approximately 70% of global GHG emissions are produced by the top 10 emitting parties (WRI figures: http://www.wri.org/blog/2014/11/6-graphs-explain-world%E2%80%99s-top-10-emitters), making the inclusion of the major emitters imperative for an effective agreement. To promote the support of major emitters, framework targets were developed and compared to the INDCs (http://www4.unfccc.int/submissions/INDC/Submission%20Pages/submissions.aspx)
- most notably the USA due to its omission from Kyoto- and cross-compared for the EU28, China and India. 

Table S2 details the comparison of framework targets for the USA with its submitted INDCs. Despite the lack of a defined 2040 INDC target, this analysis has assumed an approximate reduction goal of 60% (from its 2005 baseline) based on extrapolation of its stated interim target of 28% by 2025 and long-term economy-wide reduction of 80%. As shown, once normalised on a per capita basis using UN population projections, the USA’s pledged reductions result in a 7.7 tCO2ecapita-1 level. This falls closely in line with its targets within the framework of 8.1 tCO2ecapita-1.

Table S3 similarly details framework and INDC requirements for the EU28. An economy-wide absolute reduction of 60% from 1990 baseline levels has been similarly assumed as an extrapolation of 40% by 2030 (and previously stated reductions of 80% by 2050). As detailed, the EU’s pledged reductions would result in a population-adjusted per capita level of 3.3 tCO2ecapita-1. This is more ambitious than its framework requirement of 6.4 tCO2ecapita-1, making the EU-28 one of the key outliers in a current (not historical) equity-based framework. We suggest, however, that based on its previous proactive stance within international climate agreement, the EU-28 would still be likely to aim beyond its framework requirements. 

China’s 2040 framework target of 6.1 tCO2ecapita-1 does not entail a significant reduction from its 2010 baseline level of 6.9 tCO2ecapita-1 –this could be achieve through a largely symmetrical growth-peak-decline trajectory. In order to do so at a constant rate, we calculated it would need to achieve a 2%yr-1 Rate of Growth Return (ROGR). This would result in a 2025 peak year, not largely dissimilar to China’s INDC pledge of a 2030 peak in absolute emissions (with best efforts to do so earlier). China could still achieve its framework target with a delayed 2030 peak with deeper ROGR reductions of greater than 2% post-2030 (especially considering carbon intensity reduction targets of 60-65% from 2005 levels).

India’s INDC has been focused on carbon intensity reduction targets rather than absolute reductions, with a stated focus on development and economic growth. Its INDC states a target of 33-35% CO2e/GDP reduction by 2030 (from 2005 levels). The model has therefore applied a carbon intensity reduction assumption of 1.5%yr-1. Within the framework, India has been given no other target than a 2040 peak stabilisation at 6.0 tCO2ecapita-1 (equity). As modelled within the framework, India could sustain a constant economic growth rate of 7%yr-1, and peak at close to 6.0 tCO2ecapita-1 (6.3 tCO2ecapita-1). Analysis on India’s growth trends highlights how sensitive its projections are to its economic or carbon intensity rates: if a constant GDP growth rate of 7% is applied, its per capita emissions in 2040 are calculated to be 7.3 tCO2ecapita-1; at a 6% GDP growth rate, results would be below equity at 5.5 tCO2ecapita-1. India’s challenge would therefore be to balance growth and carbon intensity reduction rates to aim to peak below equity by the target year. 
 


4. Assumptions on Pool 2 Growth Rates
Despite being free to do so, it’s expected that not all Pool 2 nations will reach per capita equity emission levels by 2040 based on realistic growth trends. To account for this within the overall global carbon budget, the model estimated 2040 national emissions for Pool 2 nations based on regional economic growth and carbon intensity assumptions. Table S4 details the regional assumptions which have been applied [India has been allocated an individual grouping based on the sensitivity of its projections on the overall global budget]. 

Economic growth rates were selected based on regional average current and projected growth rates from the World Bank Global Economic Prospects Database (http://databank.worldbank.org/data/views/variableselection/selectvariables.aspx?source=world-development-indicators#s_e). It is acknowledged that regional assumptions will have resulted in a loss in resolution of growth extrapolation and could be improved through better national-level growth estimations through to 2040. 

Carbon intensity reduction assumptions of averaging 1.5%yr-1 have been applied based on submitted intensity-based INDCs (such as India, Malaysia, Tunisia). 


5. Baseline and Framework Target Datasets for all Nations
Table S5 and S6 detail the emissions, population, and 2040 target metadata for Pool 1 and Pool 2 nations respectively.



[image: ]Supplementary FiguresFigure S1: IPCC AR5 Relative Concentration Pathways (RCP) scenarios normalised to average per capita emissions based on UN medium fertility projections from 2010-2100.
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Table S1: Projected change in global mean surface temperature and global mean sea level rise for the mid- and late 21st century relative to the reference period of 1986-2005.
Source: IPCC. Climate Change 2014 Synthesis Report Summary Chapter for Policymakers














	
USA
	Baseline Year
	Baseline Emissions (MtCO2e)
	Baseline Population (millions)
	Per Capita Baseline Emissions (tCO2e/capita)
	2040 Absolute Target (MtCO2e)
	2040 Population (millions)
	Per Capita 2040 (tCO2e/capita)

	INDC
	2005
	7350
	296
	24.8
	2940
	383
	7.7

	Framework
	2010
	6254
	312
	20.0
	-
	383
	8.1


Table S2: Comparison of USA extrapolated INDC pledged targets versus requirements within the exemplar convergence framework.



Table S3: Comparison of the EU-28 extrapolated INDC pledged targets versus requirements within the exemplar convergence framework.


	
EU-28
	Baseline Year
	Baseline Emissions (MtCO2e)
	Baseline Population (millions)
	Per Capita Baseline Emissions (tCO2e/capita)
	2040 Absolute Target (MtCO2e)
	2040 Population (millions)
	Per Capita 2040 (tCO2e/capita)

	INDC
	1990
	4266
	470
	9.1
	1706
	523
	3.3

	Framework
	2010
	4413
	511
	8.6
	-
	523
	6.4



Table S4: Regional economic growth, carbon intensity and GHG growth rates applied to Pool 2 nations for 2040 per capita emission estimates.


	
	Africa
	Asia-Pacific
	India
	Latin America and Caribbean
	Europe

	GDP Growth Rate (%yr-1)
	5%
	5%
	7%
	5%
	5%

	Carbon Intensity Reduction (%yr-1)
	1.5%
	1.5%
	1.5%
	1.5%
	1.5%

	CO2e Growth Rate (%yr-1)
	3.5%
	3.5%
	5.5%
	3.5%
	3.5%
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Table S5: Emission, population and target metadata from 2010-2040 for Pool 1 nations.
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Table S6: Emission, population and projected growth metadata from 2010-2040 for Pool 2 nations.
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Table SPM.2 | Projected change in global mean surface air temperature and global mean sea level rise for the mid- and late 21st century relative to the
reference period of 1986-2005. {12.4; Table 12.2, Table 13.5}

2046-2065 2081-2100
Scenario Mean Likely rangec Mean Likely range<
RCP26 10 041016 10 031017
Global Mean Surface RCPAS 14 091020 18 111026
Temperature Change (°C)* RCP6.0 13 081138 22 141031
RCP8S 20 141026 37 261048
Scenario Mean Likely range? Mean Likely range?
RCP26 024 01710032 040 02610055
Global Mean Sea Level RCP4S 026 01910033 047 03210063
Rise (m)° RCP6.0 025 01810032 048 03310063
RCP8S 030 02210038 063 04510082
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Andorra 2000 78 25.67 8.93 93 831

Angola 262301 19549 13.42 7.09 44245 313736

Antigua and Barbuda 1051 87 12.04 6.88 111 766

Argentina 426026 40374 10.55 6.66 49275 328216

Aruba 3750 102 36.91 10.61 107 1134

Australia 592479 22404 26.44 9.04 31045 280794

Azerbaijan 58533 9095 6.44 6.04 10614 64144

Bahamas 2735 360 7.59 6.22 475 2950

Bahrain 27948 1252 22.33 8.43 1760 14833

Barbados 3548 280 12.65 6.98 312 2175

Belarus 110519 9491 11.64 6.82 7905 53953

Belize 13941 309 45.18 11.85 530 6289

Bermuda 2600 65 40.03 11.08 66 729

Bolivia 149358 10157 14.71 7.28 15257 111129

Bosnia and Herzegovina 27353 3846 7.11 6.15 3537 21732

Botswana 20117 1969 10.22 6.61 2564 16946

Brazil 1392640 195210 7.13 6.15 229403 1410434

British Virgin Islands 1200 27 44.08 11.69 34 395

Brunei 23009 401 57.44 13.69 532 7282

Cameroon 199509 20624 9.67 6.53 40584 264979

Canada 841598 34126 24.66 8.78 43042 377793

Caribbean Netherlands 6000 18 340.60 56.17 23 1319

Cayman Islands 1750 56 31.53 9.81 68 663

Central African Republic 103436 4350 23.78 8.65 7399 63967

China 9387010 1359821 6.90 6.11 1435499 8776124

Ecuador 135545 15001 9.04 6.43 21571 138777

EU 4412845 510661 8.64 6.37 511705 3261808

French Polynesia 3500 268 13.06 7.04 331 2329

Greenland 1750 57 30.95 9.72 53 512

Guyana 7429 786 9.45 6.50 851 5527

Honduras 47474 7621 6.23 6.01 12248 73641

Hong Kong 525000 7050 74.47 16.25 8004 130051

Iceland 2942 318 9.25 6.47 404 2609

Indonesia 2033046 240676 8.45 6.35 311334 1975491

Iran 695299 74462 9.34 6.48 96772 626965

Iraq 227157 30962 7.34 6.18 61249 378436

Israel 86916 7420 11.71 6.84 10776 73658

Japan 1119975 127353 8.79 6.40 114517 732603

Kazakhstan 300837 15921 18.90 7.91 19441 153827

Kuwait 191879 2992 64.14 14.70 5610 82468

Laos 45211 6396 7.07 6.14 9791 60099

Libya 145754 6041 24.13 8.70 7978 69390

Liechtenstein 1200 36 33.22 10.06 43 433

Malaysia 428911 28276 15.17 7.35 39850 293039

Mexico 706006 117886 5.99 5.98 151821 907357

Monaco 1750 37 47.50 12.20 48 588

Mongolia 52538 2713 19.37 7.98 3587 28639

Namibia 23512 2179 10.79 6.70 3420 22905

New Caledonia 3330 246 13.52 7.11 340 2416

New Zealand 53041 4368 12.14 6.90 5521 38090

Nicaragua 46551 5822 8.00 6.28 7972 50042

Oman 99091 2803 35.35 10.38 5007 51978

Papua New Guinea 97625 6859 14.23 7.21 11634 83917

Paraguay 112813 6460 17.46 7.70 9644 74234

Qatar 75275 1750 43.02 11.53 2912 33574

Russia 2133847 143618 14.86 7.31 127005 928002

San Marino 4000 31 129.61 24.52 33 820

Saudi Arabia 510139 27258 18.71 7.89 38193 301170

Seychelles 771 91 8.45 6.35 100 634

Singapore 70055 5079 13.79 7.15 6904 49344

South Africa 458765 51452 8.92 6.42 60938 390953

South Korea 629567 48454 12.99 7.03 52270 367305

Suriname 9190 525 17.51 7.70 621 4784

Switzerland 51274 7831 6.55 6.06 10235 62027

Taiwan 274850 23020 11.94 6.87 22762 156353

Trinidad and Tobago 46049 1328 34.67 10.28 1244 12783

Turkmenistan 101005 5042 20.03 8.08 6438 52037

UAE 202344 8442 23.97 8.67 14064 121988

Ukraine 356999 46050 7.75 6.24 36554 228133

USA 6253716 312247 20.03 8.08 383165 3096890

Uzbekistan 214048 27769 7.71 6.23 35687 222487

Venezuela 399026 29043 13.74 7.14 40179 286841

Zambia 128610 13217 9.73 6.54 33552 219352
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Afghanistan Asia-Pacific 0.9 28398 26538.2 74487 50834 1.47

Albania Europe 2.2 3150 6897.7 19360 3255 5.95

Algeria Africa 4.5 37063 166712.6 467928 51810 5.97

Armenia Asia-Pacific 2.6 2963 7851.4 22037 2901 5.97

Bangladesh Asia-Pacific 1.0 151125 157866.9 443100 195861 2.26

Benin Africa 2.9 9510 27944.3 78434 18838 4.16

Bhutan Asia-Pacific -10.4 717 -7451.7 -20915 950 -22.02

Burkina Faso Africa 2.1 15540 32053.8 89968 33472 2.69

Burundi Africa 4.5 9233 41117.1 115407 21082 5.47

Cambodia Africa 3.4 14365 48725.8 136763 21023 5.97

Cape Verde Africa 1.3 488 649.9 1824 613 2.98

Chad Africa 4.5 11721 52792.3 148177 26888 5.51

Chile Latin America and Caribbean 5.1 17151 86836.2 243731 20532 5.97

Colombia Latin America and Caribbean 4.7 46445 216305.6 607125 60757 5.97

Congo Africa 5.3 4112 21994.4 61734 8556 5.97

Costa Rica Latin America and Caribbean 1.6 4670 7584.0 21287 6055 3.52

Cote dIvoire Africa 3.3 18977 62168.8 174495 35426 4.93

Cuba Latin America and Caribbean 4.0 11282 45257.9 127030 10267 5.97

Djibouti Africa 1.4 834 1168.8 3281 1168 2.81

Dominican Republic Latin America and Caribbean 3.1 10017 31442.0 88251 12924 5.97

DR Congo Africa 5.1 62191 317379.5 890819 128755 5.97

Egypt Africa 3.5 78076 276372.2 775720 113001 5.97

El Salvador Africa 2.3 6218 14136.7 39679 6971 5.69

Eritrea Africa 1.1 5741 6192.5 17381 12040 1.44

Ethiopia Africa 1.7 87095 148343.7 416370 163553 2.55

Fiji Asia-Pacific 1.6 861 1340.5 3763 940 4.00

Gabon Africa 4.3 1556 6661.0 18696 2840 5.97

Gambia Africa 4.1 1681 6944.0 19490 3933 4.96

Gaza Strip Asia-Pacific 1.9 4013 7500.0 21051 7681 2.74

Georgia Europe 2.2 4389 9474.3 26592 3738 5.97

Ghana Africa 2.5 24263 59458.9 166889 40715 4.10

Guatemala Latin America and Caribbean 3.5 14342 50574.9 141953 27002 5.26

Guinea Africa 3.0 10876 32817.7 92113 20898 4.41

Haiti Africa 0.8 9896 7962.4 22349 13581 1.65

India India 1.9 1205625 2304043.2 11483239 1565509 5.97

Jamaica Latin America and Caribbean 4.4 2741 12001.2 33685 2922 5.97

Jordan Asia-Pacific 4.0 6455 25819.7 72471 10528 5.97

Kenya Africa 1.4 40909 56860.6 159596 81354 1.96

Kyrgyzstan Asia-Pacific -0.9 5334 -4670.3 -13109 7429 -1.76

Lebanon Asia-Pacific 5.6 4341 24346.9 68337 5304 5.97

Lesotho Africa 1.3 2009 2699.3 7576 2612 2.90

Liberia Africa 4.3 3958 16882.7 47386 7861 5.97

Madagascar Africa 3.7 21080 78547.6 220467 45289 4.87

Malawi Africa 1.6 15014 23362.8 65575 33115 1.98

Maldives Latin America and Caribbean 3.6 326 1159.9 3256 473 5.97

Mali Africa 2.3 13986 32272.4 90582 34838 2.60

Mauritania Africa 2.7 3609 9910.8 27818 6776 4.11

Mauritius Africa 4.8 1231 5956.6 16719 1271 5.97

Moldova Europe 3.3 3573 11820.9 33179 2773 5.97

Montenegro Africa 5.7 620 3565.0 10006 586 5.97

Morocco Africa 2.9 31642 92035.2 258324 41404 5.97

Mozambique Africa 2.4 23967 56687.1 159109 48861 3.26

Myanmar Asia-Pacific 4.6 51931 238011.8 668050 59410 5.97

Nepal Asia-Pacific 1.6 26846 42858.5 120295 35053 3.43

Niger Africa 1.3 15894 20259.0 56863 49756 1.14

Nigeria Africa 3.1 159708 491669.0 1380013 350720 3.93

North Korea Asia-Pacific 4.4 24501 108661.3 304990 27086 5.97

Pakistan Asia-Pacific 1.9 173149 326659.3 916865 254769 3.60

Panama Latin America and Caribbean 5.8 3678 21152.6 59371 5383 5.97

Peru Latin America and Caribbean 5.2 29263 150715.4 423027 39220 5.97

Philippines Asia-Pacific 1.6 93444 145778.9 409171 143516 2.85

Rwanda Africa 0.4 10837 3969.2 11141 21601 0.52

Samoa Asia-Pacific 1.9 186 345.9 971 229 4.25

Sao Tome and Principe Africa 1.0 178 171.8 482 335 1.44

Senegal Africa 2.2 12951 28314.4 79473 27209 2.92

Serbia Europe -1.3 9647 -12107.1 -33982 7863 -4.32

Sierra Leone Africa 1.9 5752 10720.9 30091 9218 3.26

Somalia Africa 3.9 9636 38000.0 106658 21691 4.92

Sri Lanka Asia-Pacific 2.3 20759 48038.9 134835 23759 5.68

Sudan Africa 5.2 35652 186007.0 522083 66169 5.97

Swaziland Africa 2.4 1193 2889.8 8111 1664 4.87

Syria Africa 4.4 21533 93866.0 263462 33662 5.97

Tajikistan Asia-Pacific 1.4 7627 10822.8 30377 13214 2.30

Tanzania Africa 3.8 44973 172531.7 484261 102686 4.72

TFYR Macedonia Europe 5.9 2102 12407.3 34825 1986 5.97

Thailand Asia-Pacific 5.2 66402 344551.7 967086 65520 5.97

Togo Africa 2.6 6306 16705.7 46889 12195 3.85

Tunisia Africa 3.2 10632 34235.2 96091 12969 5.97

Turkey Africa 4.9 72138 353352.3 991787 91778 5.97

Uganda Africa 1.3 33987 45637.3 128094 82659 1.55

Uruguay Latin America and Caribbean 3.9 3372 13167.1 36957 3636 5.97

Vanuatu Asia-Pacific 2.0 236 481.7 1352 414 3.27

Vietnam Asia-Pacific 2.8 89047 250086.7 701942 104155 5.97

Yemen Asia-Pacific 1.5 22763 34151.2 95855 38769 2.47

Zimbabwe Africa 4.4 13077 57862.7 162409 23313 5.97


