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Introductory unreferenced par agraph:

Achieving the collective goal of limiting warming to below 2°C or 1.5°C compared to pre-industrial levels
requires a transition towards a fully decarbonised world. Annual greenhouse gas emissions on such a path in 2025
or 2030 can be allocated to individual countries using a variety of allocation schemes. We re-analyse the [IPCC
literature allocation database and provide country-level details for three approaches. At this stage, however, it
seems utopian to assume that the international community will agree on a single allocation scheme. Here, we
investigate an approach that involves a major-economy country taking the lead. In a bottom-up manner, other
countries then determine what they consider a fair comparable target, e.g. either a “per-capita convergence’ or
‘equal cumulative per-capita’ approach. For example, we find that a year-2030 target of 67% below 1990 for the
EU28, 54% below 2005 for the USA by 2025, or 32% below 2010 for China could secure a likely chance of
meeting the 2°C target in our illustrative default case. Comparing those targets to currently announced post-2020
mitigation targets reveals a large gap. No major emitter can currently claim to show the necessary leadership in

the concerted effort of avoiding warming of 2°C in a diverse global context.
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Main Text:

The international community agreed to limit warming below 2°C or even 1.5°C'. Current pledges up to 2020 are
not on track for that collective goal’. However, new research continues to remind us about the implications of not
limiting warming: For example, today’s warming of just 0.9°C already implies 1.2m global-mean sea-level rise

over the coming centuries from ice loss in the West-Antarctica’s Amundsen Sea sector alone’.

Country-level emission allocations are contentious within the international community, despite the multiple
complementary benefits that decarbonisation of the energy and transport sectors can have (such as improved local
air quality” and increased energy security’). Mitigation discussions at the UNFCCC are dominated by a ‘burden
sharing’ debate and disagreement in this so-called ‘equity discussion’ persists. This reflects fundamental
differences regarding the allocation of future emissions following ‘common but differentiated responsibilities and
respective capabilities’® (CBDR&RC). Scientific literature to date provides limited guidance on appropriate
quantitative national targets for 2025 or 2030 under different allocation regimes’"'. The recent Fifth Assessment
Report '2 (AR5) provides detail for six distinct allocation categories, and a set of scenario categories that
approximate but do not equate to global ambition. While providing some regional disaggregation, the IPCC and
the underlying literature review'' stopped short of providing country-level detail. Here, we re-analysis the IPCC
allocation database and develop country-level allocation pathways to address this information gap. As countries
within the UNFCCC have not converged to any particular allocation category or regime, we assume a world with
continued differing opinions on what constitutes a fair allocation and we provide an indication of what might be

required for a ‘leading’ country to guide the world towards a 2°C-consistent trajectory.

Waypointsfor 2025 and 2030

First, we derive 2025 and 2030 waypoints, i.e. indicative global aggregate GHG emission levels consistent with a
carbon budget of 1010 GtCO,. This 1010 GtCO, budget was found by IPCC to be the cumulative CO, emissions
remaining after 2011 to preserve a likely chance of staying below 2°C based on multiple lines of evidence".

Based on our analysis of the [IPCC AR5 Scenario Database (see SI, Section 3), we choose an illustrative 2025
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waypoint of 10% above 1990 emissions (15% below 2010) for world emissions to be in line with the [IPCC
carbon budget for 2°C. For 2030, we define our waypoint as ‘1990 levels’ (or 22% below 2010; see Figures S10-
S31 for variable global waypoints). Our waypoints happen to be in line with RCP3PD. These waypoints are more

ambitious (i.e. imply lower emissions) than some delayed scenarios at the high emission end suggest (

Figure 2b,c), but less than findings of the least-cost 2010 scenarios assessed by UNEP'* (see SI, section 3.2) and
also less ambitious than the median of IPCC ARS WG3 scenarios that do not assume subsequent net negative
fossil and industrial CO, emissions (SI). Hence, the global waypoints defined here roughly reflect upper limits for
‘middle-of-the-road’ indicators. Consequently, this same interpretation applies for the national targets that we
discuss below, i.e. that — for the reason of how we derive global waypoints, not necessarily for other reasons —
national targets might err on the side of too little reductions. Furthermore, our results should be considered
conservative in two other respects: remaining within a 2°C target with a higher level of confidence than likely
(>66%), or limiting warming to 1.5°C, imply global emissions and hence country-level allocations in 2025 and
2030 lower than these waypoints (see discussion of the waypoints with regard to earlier studies and recent

emission trends in the SI).

Thebinary equity debate

Much of the equity debate within the UNFCCC centres on the operationalization of the CBDR&RC principle
instated in the 1992 Framework Convention. At the time, CBDR&RC was primarily addressed by creating the
dichotomy between industrialised Annex I and developing Non-Annex I countries'” as the primary indicator for
mitigation responsibilities. With only 22% of global population'®, Annex I countries emitted approximately 46%
of global GHG emissions (incl. landuse) in 1992 (Figure S3). This binary differentiation remains strongly
influential on the negotiations'’. However, given a decreasing global share of Annex I countries’ direct GHG
emissions (~31% in 2014, SI Section 6) and given that China’s territorial emissions share has risen to almost the
same level as all Annex I emissions together (~26% in 2014, SI Section 6), negotiations are moving towards a
more complex self-differentiation within an agreement that shall be “applicable to all”'®. Hence, the more than

decade old effort-sharing debate'*** for a more gradual differentiation gained momentum again: How much
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should individual countries contribute to the collective mitigation effort in the coming decades? In the academic
literature, a host of effort-sharing approaches has been developed on this question, and the answer is

. . 6,11,12,20,21,23-31
fundamentally dependent on a series of value judgements™ "~ .

For our study, a simplification of the political debate is useful. In essence, countries’ positions predominantly
follow a logic of either distributive or corrective justice’”. Thus, an almost binary view has surfaced about what
type of gradual differentiation can be considered fair. We capture the range of proposals with two illustrative

224

allocation approaches: ‘Common but differentiated convergence’ (CDC), which is a modified per-capita

convergence approach, and the ‘equal cumulative per-capita’ approach (ECPC) (cf.

Figure 2c and SI, Sections 8.1, 8.2). The CDC approach essentially postulates that it is fair to converge to equal
per-capita emission allocations (distributive justice). The ECPC approach implies that a country A with higher
per-capita emissions than country B over the past will have lower per-capita emission allocations over the future
(corrective justice)™*. We model two variants with different starting years from when on per-capita emissions
are counted, either 1950 (ECPC50) or 1990 (ECPC90) (SI). Per-capita convergence is implied in some
government’s submissions. For example, the indicative previous US 2050 goal of -83% below 2005%, confirmed
recently®® with a tentative “-80% or more” goal by 2050, is only somewhat short (4% to 7%) of an equal per-
capita allocation by 2050. Similarly, the EU’s ‘intended nationally determined contribution’ (INDC)®” is
presented in the context of a per-capita convergence approach (SI). On the other hand, ‘cumulative equal per-

. .. . . .. . . . 1536
capita emissions’ are mentioned as an equity principle in presentations by China >

. While India proposed a
regime similar to the CDC** in 2007 by stating its “per capita emissions will remain lower than those of the

developed countries™’, recent Indian negotiator and expert positions appear to favour approaches closer to

China’s cumulative per-capita proposal’®.

‘Incompletely principled’ agreements

Countries’ preferences in international negotiations can often be understood as primarily motivated by self-

interest: “general principles of fairness are invoked only to promote or defend one’s own interests™*’. This narrow
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self-interest is the underlying cause for the ‘tragedy of the commons’*. The existence of an international regime
to address climate change, however, is evidence of a limited extent of cooperative behaviour, when “rational
choice, prisoner’s dilemma, collective goods and global commons theories would predict non-cooperation with a
worse outcome overall”*’. By its very nature, a regime can provide soft boundaries and incentives for acceptable
behavioural norms or principles that guide the development of country positions. Within those soft boundaries of
a regime, countries are guided by their interests, and engage in a deliberative discourse, positioning themselves
with sometimes fluid moral justifications to match their interests*'. Within the soft boundaries of a climate change
regime, self-interest of a country serves as a first-order explanation of why the least-ambitious emission allocation
seems preferable. Indeed, in the UNFCCC negotiations and countries’ submissions, it appears — not unexpectedly
— that countries explicitly or implicitly align with principles and notions of equity that match their interests (SI
Sections 4, 5 with examples USA, China and EU28). This poses a fundamental problem, because “notions of
fairness can provide a basis for an international regime only if there is a certain minimum of consensus among its

. . . .+ 5920
members about what is fair and what is unfair”~".

However, it is not uncommon in negotiation settings for different actors aiming to agree on an outcome while
subscribing to very different, possibly incompatible principles. Such settings necessarily call for agreements that
focus on the final outcome, while not attempting to reach agreement on principles. Thus, a consensus on the

»41-43 of what a fair distribution of the burden would be. Those

principles is circumvented by “political consensus
negotiation outcomes are what Sunstein called “incompletely theorized agreements™* or one could also refer to
them as ‘incompletely principled agreements’. The likely alternative would be continued disagreement on
principles and no agreement. This could lead to ensuing mitigation delay and a very inequitable outcome by
exposing those with a low adaptive capacity to high climate change impacts. Therefore, contemporary
environmental ethics suggests pragmatism may be a promising guiding principle for achieving fairer

outcomes®*.

While some countries favour or imply fairness principles, others negate the value of considering such principles

as guidelines for target setting*®. An ‘un-principled’ approach is not unrealistic, but is outside the scope of this
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study. In fact, the international negotiations are not ‘un-principled’. Arguably, the pledges under the Copenhagen
Accord and Cancun Agreements were made within the soft guiding of a regime discussion, although they failed to
bring the world much closer to its collective goal of keeping temperature increase below 2°C. In line with the
currently agreed process, we analyse how self-differentiation can take place within the spectrum of discussed

allocation approaches.
Sdf-differentiation’simplicit logic to exceed the collective goal

By calling for ‘nationally determined contributions’, the international community departed from an ‘ideal’ (and
possibly unrealistic) scenario of a national emission allocation following a single common allocation approach:
Countries are asked to provide their own reasons of why they consider their contribution fair and commensurate
with the joint target. Neither an un-principled approach nor a single globally applied allocation approach is taken.
For the time being, countries apply the logic of ‘self-differentiation’. Such a bottom-up architecture avoids one
problem — the possibly utopian attempt to agree on a singular set of guiding principles — and might accomplish
collective agreement on the outcome. However, self-differentiation creates another problem: the outcome might
be insufficient compared to the ultimate collective goal in the absence of additional ambition-enhancing

coordinated measures or mechanisms.

That failure to achieve the collective goal is due to the supposed general tendency for a country to choose the
allocation approach that offers the higher emission allowance from various options that are consistent with the
collective goal. Suppose each country selects the lower ambition approach consistent with 2°C, then the sum of
all individual actions is not going to be consistent with 2°C (Figure 3a). One solution could be that countries
enhance their collective nominal target (e.g. from 2°C to 1.5°C) to offset the effect of self-differentiation — so that

the original collective target (2°C) remains to be met (Figure 3b).

However, self-interest manifests itself not necessarily in the ‘absolute gains or 10sses' of a country, i.e. what a
country’s absolute emission allocations are. Rather, the ‘relative gains or losses *’ towards main trading partners

or political rivals seem often a better proxy for whether a country enters an international agreement (see e.g.*").
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From this viewpoint, it would be less important how strict emission targets are in absolute terms. As long as the
target is considered comparable or fair relative to those of its main trading partners, a country might be inclined to

partake in the international agreement.

Diver sity-awar e leader ship

Leadership is “a critical determinant of success or failure in the processes of institutional bargaining”, Young
argues”. We propose here a method that provides the freedom of self-selecting an allocation approach while
keeping the collective target, and honours the inclination of most countries to secure ‘relative gains’ (or avoid
‘relative losses’), e.g. towards major trading partners. The central pillar of this approach is that one of the
countries assumes a leadership role. Specifically, we investigate the situation in which such a benchmark country
(or country group) adopts an ambitious 2025 or 2030 target. Other countries, the followers, then adopt
‘comparatively’ ambitious targets in accordance with their preferred allocation approach that, in line with their
self-interest, is assumed to imply the weakest reduction target. We call this approach ‘diversity-aware leadership’
as it asks from the leading country to set its own target commensurate with the collective goal and in awareness of
what other countries consider to be a fair allocation approach(Figure 3¢ and mathematical description and

categorisation into common leadership theories in SI, Section 2).

Results

Given that major economic powers choose other major economic powers as point of comparison for measuring
relative gains and losses*, we screen all G20 countries as potential leadership countries. In our illustrative default
case we assume the diversity-aware leadership approach, with other countries following the leadership country by
selecting the approach which is most favourable to them in terms of emission allocations, either CDC or ECPC50.
See Supplementary Information for full results. Almost half of current, estimated 2014 global GHG emissions
(incl. land-use) arise from the three biggest emitters China (26%), the USA (11%) and EU28 (8%) (SI, Section 6).

These actors are hence pivotal for any post-2020 agreement.
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For the EU28 as a group, in a world where all countries would agree to follow the CDC approach, global
emissions would be brought back towards our 2°C-consistent waypoint of 1990 emission levels by 2030 with the
EU28 setting a 2030 target of 51% below 1990 (41% below 2010). With the world uniformly following the
ECPC50 allocation approach, the EU28 emission target by 2030 would need to be 58% below 1990 (49% below
2010). For diversity-aware leadership (illustrative default), when each country follows the EU28’s leadership, the
EU28’s benchmark target would need to be at 67% below its 1990 emission levels (61% below 2010 levels)

(Table 1, Table S29).

For Chinato assume ‘diversity-aware leadership’, its emission target would have to be 32% below 2010 levels by
2030. The emission reduction targets computed with the ‘diversity-aware leadership’ and CDC approaches are
within rounding, as the CDC approach would favour almost all countries if China would be considered the
benchmark country. That is because China is a country with relatively high current and projected per-capita
emissions (similar to EU28 in 2014), but a history of low per-capita emissions. If all countries follow our
illustration (ECPC50) of the Chinese proposal of equalized cumulative per-capita emissions, we estimate that
China would only need to reduce emissions by 4% below 2010 as other countries would do comparatively more.
In that latter case, Chinese per-capita emission allocations would be substantially higher than those of

industrialised countries in the future.

The USA were the first country to indicate potential 2025 and 2030 targets in its Copenhagen submission™ (30%
and 42% below 2005, respectively). Our analysis suggests that under a universal CDC approach, those targets
would have come close to putting the world on a 2°C track. Yet, to be a diversity-aware leader in climate change
mitigation, the USA would have to strengthen their target to 54% (Table S9) for 2025 or 76% for 2030 (Table S8)

relative to 2005.

In addition to China, USA, and EU28, medium-sized countries that could exert diversity-aware leadership include
Australia (63% below 2000 by 2030), Japan (64% below 2005), South Korea (60% below 2010), Mexico (10%
below 2010), Brazil (59% below 2010), Canada (73% below 2005), Germany (79% below 1990), or Russia (88%

below 1990), while India could exert such leadership even with a growth target (80% above 2010 by 2030) due to
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its low historical and current per-capita emissions (Table 1 and SI). Furthermore, as sensitivity case we calculate a
diversity-aware leadership approach where follower countries can choose from three allocation approaches, CDC,

ECPC50 and the Greenhouse Development Rights (GDR) approach (Table 1 and SI section 6.4).

Analysing INDCs

As of 15 August 2015, 56 countries presented their INDCs. We briefly analyse a selection of those that submitted
until 1 April 2015, including China who re-confirmed a previously announced 2030 peaking target’’ by end of

June.

The EU’s INDC is a 40% domestic emission reduction below 1990 levels, which equals 27% below 2010 levels
(Table 2). We calculate comparable targets for other countries assuming that this domestic EU28 emission
reduction target is not augmented by additional international mitigation contributions, financial or otherwise.
Assuming a universal CDC allocation approach, the EU28 INDC would be comparable to a -17% target for
Chinese GHG emission allocations or -32% for the USA in 2030 w.r.t. 2010 (Table S30). In this case, global
emissions by 2030 would be 10% below 2010 levels, which falls 12% short of our illustrative 2°C waypoint of
22% (Table 2). Another study’ reports similar results for the USA (-34%), but less stringent targets for China
(0%) — mainly because it used 2020 Copenhagen pledges as starting points rather than the 2013 emission levels as
in this study. If China chooses an equalized cumulative per-capita approach as a measure of comparison (our
illustrative ECPC50 implementation), the ‘EU-40%-comparable’ Chinese 2030 emission target would be 16%
above 2010 emission levels. For the USA, the ECPC50 approach would indicate that a target of 46% below 2010

levels would be comparable to the EU28’s 40% target.

China submitted an INDC on 30™ June 2015. The central element in this INDC is to peak fossil CO, emissions
by 2030 or earlier, re-confirming an earlier US-China Joint Announcement™. While inherently uncertain, we
quantify this pledge as a possible 35% increase of Chinese GHG emissions until 2030 w.r.t. 2010 (SI, Section
3.2), on the lower side or comparable to other assessments®' . There is a substantial gap between Chinese

emissions implied by its INDC by 2030 and any 2°C-compliant Chinese emission level for China as a follower to
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other leadership countries and even more so, if China would wanted to assume a leadership position. This
percentage gap is larger than those related to the INDCs of EU28 and USA. Recently, however, there are signs

that China’s coal demand — and therewith coal-related emissions — might be decreasing™.

Russia’ s proposed an increase of emissions from currently (2012) about 33% below 1990 levels up to just 25% to
30% below 1990 by 2030. This INDC stands out as incommensurate with any potential leadership — or again,
even a follower — role within a regime that attempts to limit warming to below 2°C. Russia announced that it
would fully account for forestry sinks, which would further weaken the effective target. As an aside, Kyoto
Protocol rules would require Russia to limit its emissions to current (2008-2010) levels, which are already 34%

below 1990.

Switzerland submitted a 50% reduction by 2030 compared to 1990 levels as its INDC, which — in our default
leadership case — makes it the only country so far qualifying as ‘diversity-aware leader’ (benchmark: 42% below
1990 by 2030). However, in our sensitivity case in which we include the GDR approach as option for follower
countries, only a Swiss target of 126% below 1990 levels would qualify as leadership. This is because
Switzerland is one of the richest countries in the world, and ‘capability’ is one of the indicator for differentiation
within the GDR approach (Table 1, Table S8). Similarly, when including the GDR approach, Norway could only
attain leadership with a 146% reduction below 1990 levels in 2030. With its constant emission pledge between
2020 and 2030 of a 40% reduction below 1990 levels, Norway also misses the benchmark (-61%) of our default

leadership definition (allowing for CDC and ECPC50, Table S8).

Any financial pledges by the US, the EU and/or China to enable mitigation elsewhere (e.g. as part of their
contribution to the Green Climate Fund), would have to be added on top of any domestic mitigation pledges when
assessing whether the overall contributions amount to ‘leadership’. In other words, either via enhanced domestic
mitigation or financial support, the USA, the EU28 or China could bridge the gap between current INDCs and the
leadership benchmarks. Assuming a purely illustrative (and low) conversion rate between not-mitigated tons of
emissions and foreign financial support of $10/tCO,eq, this gap amounts to $76 billion per year in the case of

China and $17-18 and $15 billion for the USA and EU28, respectively (Table 2).
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Discussion and Conclusion

For any country that claims a leadership position in tackling climate change, taking into account the diverse views
on equity implies a substantial challenge. The domestic 2030 reduction targets of both the EU28 and the US
would have to be more than doubled (61% vs. 27% below 2010 by 2030, and 52% vs 22-24% below 2010 by
2025, respectively). This ambition enhancement could either happen via additional international mitigation

support, additional domestic mitigation or other means (Figure 4, Table 2).

Given their economic power, per-capita emission levels and global emission share, the USA, China and the EU28
might well be considered benchmark countries by much of the rest of the world. Based on the first submitted
INDCs, however, ‘following’ countries could replicate and reinforce insufficient ambition levels for 2025 and
2030. In fact, current INDCs of the USA or the EU28, if taken as leadership by example, would cause the world
to miss the 2°C-consistent benchmark of returning 2030 emissions to 1990 levels (i.e. -22% below 2010, Table 2)
by a wide margin. An agreement on emission reductions until 2025 or 2030 cannot be the final step in our
endeavour of keeping warming to below 2°C. Avoiding the climate impacts beyond 1.5°C and 2°C hence hinges
on the international community’s capability to increase the ambition of 2025 and 2030 targets and to demonstrate
how any remaining lack of ambition up to 2030 can be compensated by additional action thereafter. The position
of a country exerting diversity-aware leadership to catalyse the transition to more adequate ambitions of

mitigation targets seems vacant at the moment on the international stage.
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Online-only M ethods (800 wor ds):

We employ two IPCC databases. The first database is the [PCC ARS Scenario Database available at
https://secure.iiasa.ac.at/web-apps/ene/ARSDB/. We used a total of 807 harmonized scenarios (shown in Figure
1) after following the same historical harmonisation procedures as in the RCP process™. These scenarios form the

basis for the IPCC WG3 assessment in Table SPM.1 (Ref. *°).

The second IPCC database concerns allocation approaches, named here ‘IPCC Allocation Database’, and is
described and made available by Ref. ''. This database comprises data from a total of 36 publications that
examine 52 different regimes, from multi-stage, per-capita convergence to GDR, categorized for [IPCC WG3 in
six regime categories, namely ‘Responsibility’, ‘Capability’, ‘Equality’, ‘Responsibility, Capability, Need’,
‘Equal Cumulative Per Capita Emissions’, and ‘Staged’ approaches'"'. In addition, the IPCC Allocation
Database summarizes studies that examine the ‘Equal Marginal Abatement Costs’ (from IPCC Scenario
Database) and show no-climate policy ‘Baselines’. Information from original publications was used to categorize
scenarios in five stabilization groups: 'Cat. 0 (400 ppm)', 'Cat. 1 (450 ppm)', 'Cat. 2 (500 ppm)', 'Cat. 3 (550 ppm)',
'Cat. 4 (650 ppm)'. We here re-categorise scenarios by using the gradual scale of cumulative global GHG
emissions between 2012 and 2049 which characterizes a scenario’s mitigation stringency. This gradual scale
provides higher accuracy in determining the overall 2°C compliance of pathways, but implies that those literature
studies that only provide emissions up to 2030 (e.g. Ref. *') are excluded. We harmonise all IPCC Allocation
Database scenarios towards 2010 GHG regional emissions levels at the level of ten RCP regions provided in the
underlying database of Ref. ', with a scaling factor converging linearly to unity in 2050 — as was applied in the
RCP scenario construction process> . The net effect on individual regions’ 2010 to 2030 reduction rates is rather
small (with the 20% to 80% range between 2.2% less to 0.6% more ambitious reductions across 9637 harmonised

regional timeseries) compared to a constant scaling factor (SI).

Firstly, we complement the IPCC Allocation Database. Single data points for ‘cumulative 2012-2049 GHG
emissions’ (x-axis in Figure 2e,f) versus ‘regional reductions’ (y-axis) are extrapolated for each of the ten RCP

regions across lower and higher cumulative GHG emission levels. This extrapolation uses 100 randomly sampled
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Ay/Ax-slopes from the studies that investigated multiple stabilisation groups. Studies that assign the same
regional reduction targets for pathways of different stringency were excluded. Secondly, we now calculate
country-by-country level allocation approaches with the PRIMAP model®, representing four equity allocation

approaches (SI) and check them against the literature range (Figure 2e,f).

To derive ‘comparable’ emission allocations of a country/region ‘A’ to the 2025 or 2030 emission reduction
target of a country/region ‘B’ given a specific ‘pure’ allocation approach, we proceed as follows (mathematical
description in SI and graphical depiction in Figure 3). First, we look up the global cumulative emission level over
2012-2049 (x-axis in Figure 2e,f) that corresponds to the prescribed emission allocations for country or region B
(y-axis in Figure 2e,f) — based on the mean (bold lines) across all extra- or interpolated literature-based datapoints
that belong to a specific allocation approach. Using that global cumulative emission level, we can then use a
‘reverse’ approach to look up the corresponding reduction target for country A and all other countries, using again
the mean of the implementations of a specific allocation target. For calculating the ‘diversity-aware-leadership’
set of country-specific reductions, we operate analogously, only that we calculate corresponding reductions in
other countries for the two considered allocation approaches CDC and ECPC50 separately and choose the less
ambitious of the resulting emission reduction target for each potential leadership country or remainder region
(Figure 4). We had sufficient data to calculate our country-specific allocation approaches for most (n=176)
UNFCCC countries and calculated allocation approaches individually by country before aggregating them to the
‘remainder’ regions in case they are not part of the highlighted countries (in which case we do not aggregate). The
EU28 were treated separately, though. All calculations in regard to allocation approaches are based on the GHG

basket (incl. landuse) of CO,, CHy4, N,O, HFCs, PFCs and SF¢ — aggregated using IPCC AR4 100-year GWPs.

Our quantile regressions on 2025 and 2030 scenario data versus cumulative CO, emissions shown in Figure 1b

and c use a local linear quantile regression™ with a uniform kernel and a bandwidth of plus/minus 1000 GtCO.,.

Page 14 of 21



328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

Meinshausen et al. — Post-2020 Targets — Version Thursday, 27 August 2015

Acknowledgements:

We acknowledge the work by IAM modellers that contributed to the [IPCC ARS scenario database and ITASA for
hosting the IPCC ARS Scenario Database. M. Meinshausen is the recipient of an Australian Research Council
(ARC) Future Fellowship (grant number FT130100809). Furthermore, deep thanks to comments and very helpful
discussions on an earlier version of this manuscript by Peter Christoff, Robyn Eckersley, Kate Dooley, and Ros

Lethbridge and general discussions with Nicole Wilke, Carolin Zerger, and Lutz Morgenstern.

Author Contributions:

All authors contributed interpreting the results and writing the manuscript. MM designed the study and performed
the calculations. YR assisted in data management. NM provided the quantile regression method. JR compared to
the 2025 and 2030 waypoints to the UNEP GAP Report estimates. LJ programmed the GDR allocation approach
and JG downscaled RCP emission scenarios using SSP data to national level for the RCPs. LJ and JG contributed
the composite PRIMAP4 data (SI). ME and NH compiled the allocation database used in IPCC. MS

complemented IPCC ARS scenario database emission pathways with missing gases.

Competing financial interests

The authors declare that they do not have any competing financial interests that influenced their results and/or

discussion.

Online material

In addition to the Methods section, a supplementary material is available at XXXX. In addition a full data

appendix is online at www.mitigation-contributions.org

Page 15 of 21



348

349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394

Meinshausen et al. — Post-2020 Targets — Version Thursday, 27 August 2015

Refer ences:

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

UNFCCC. Report of the Conference of the Parties on its eighteenth session, held in Doha from 26
November to 8 December 2012. . In: Framework Convention on Climate Change, editor. Doha, Qatar:
UNFCCC; 2013.

Rogelj J, Nabel J, Chen C, Hare W, Markmann K, Meinshausen M, et al. Copenhagen Accord pledges are
paltry. Nature 2010, 464(7292): 1126.

Joughin I, Smith BE, Medley B. Marine Ice Sheet Collapse Potentially Under Way for the Thwaites Glacier
Basin, West Antarctica. Science 2014, 344(6185): 735-738.

McCollum D, Krey V, Riahi K, Kolp P, Grubler A, Makowski M, et al. Climate policies can help resolve
energy security and air pollution challenges. Climatic Change 2013, 119(2): 479-494.

Riahi K, Dentener F, Gielen D, Grubler A, Jewell J, Klimont Z, et al. Chapter 17 - Energy Pathways for
Sustainable Development. Global Energy Assessment - Toward a Sustainable Future. Cambridge
University Press, Cambridge, UK and New York, NY, USA and the International Institute for Applied
Systems Analysis, Laxenburg, Austria, 2012, pp 1203-1306.

Winkler H, Rajamani L. CBDR&RC in a regime applicable to all. Climate Policy 2014, 14(1): 102-121.

Hof A, Brink C, Beltran A, den Elzen M. Greenhouse gas emission reduction targets for 2030. Conditions
for an EU target of 40%. The Hague: PBL Netherlands Environmental Assessment Agency; 2012.

Knopf B, Luderer G, Edenhofer O. Exploring the feasibility of low stabilization targets. Wires Clim Change
2011, 2(4): 617-626.

Kriegler E, Riahi K, Bauer N, Schwanitz VJ, Petermann N, Bosetti V, et al. Making or breaking climate
targets: The AMPERE study on staged accession scenarios for climate policy. Technological Forecasting
and Social Change 2015, 90: 24-44.

Tavoni M, Kriegler E, Riahi K, van Vuuren DP, Aboumahboub T, Bowen A, et al. Post-2020 climate
agreements in the major economies assessed in the light of global models. Nature Clim Change 2015,
5(2): 119-126.

Hohne N, Den Elzen M, Escalante D. Regional GHG reduction targets based on effort sharing: a
comparison of studies. Climate Policy 2014, 14(1): 122-147.

Clarke L, Jiang K, Akimoto K, Babiker M, Blanford G, Fisher-Vanden K, et al. Chapter 6: Assessing
Transformation Pathways. In: IPCC:, editor. IPCC 2014: Contribution of Working Group Il to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, United Kingdom, and
New York, NY, USA: Cambridge University Press; 2014. p. 141.

IPCC. Climate Change 2014: Synthesis Report. Cambridge University Press: Cambridge, UK, 2014.

UNEP. The Emissions Gap Report 2013. Nairobi, Kenyia United Nations Environment Programme (UNEP);
2013.

Teng F. Technical Briefing by China: Historical Responsibility: From a perspective of percapita cumulative
emissions [Presentation]. Bonn, Germany; 2009.

UN. World Population Prospects: The 2012 Revision. 2013 [cited]Available from:
http://esa.un.org/unpd/wpp/index.htm

ADP U. Negotiation Text - Work of the Contact Group on Item 3 - Advance unedited version. Geneva,
Switzerland: UNFCCC - Ad Hoc Working Group on the Durban Platform for Enhanced Action; 2015. p. 86.
UNFCCC. Decision 1/CP.17 Establishment of an Ad Hoc Working Group on the Durban Platform for
Enhanced Action. In: United Nations Framework Convention on Climate Change, editor.
FCCC/CP/2011/9/Add.1 Durban, South Africa; 2011. p. 86.

Rose A. Reducing conflict in global warming policy: the potential of equity as a unifying principle. Energy
Policy 1990, 18(10): 927-935.

Ringius L, Torvanger A, Underdal A. Burden sharing and fairness principles in international climate
policy. International Environmental Agreements 2002, 2(1): 1-22.

Page 16 of 21



395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443

Meinshausen et al. — Post-2020 Targets — Version Thursday, 27 August 2015

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

30.

40.

Miuiller B. Justice in global warming negotiations: how to obtain a procedurally fair compromise.
Citeseer, 1998.

Berk MM, den Elzen MG. Options for differentiation of future commitments in climate policy: how to
realise timely participation to meet stringent climate goals? Climate policy 2001, 1(4): 465-480.
Winkler H, Jayaraman T, Pan J, Santhiago de Oliveira A, Zhang Y, Sant G, et al. Equitable access to
sustainable development - Contribution to the body of scientific knowledge; 2011.

Hohne N, den Elzen M, Weiss M. Common but differentiated convergence (CDC): a new conceptual
approach to long-term climate policy. Climate Policy 2006, 6(2): 181-199.

den Elzen MG, Héhne N, Brouns B, Winkler H, Ott HE. Differentiation of countries’ future commitments
in a post-2012 climate regime: an assessment of the “South—North Dialogue” proposal. environmental
science & policy 2007, 10(3): 185-203.

Winkler H, Letete T, Marquard A. Equitable access to sustainable development: operationalizing key
criteria. Climate Policy 2013, 13(4): 411-432.

Babonneau F, Haurie A, Vielle M. A robust meta-game for climate negotiations. Computational
Management Science 2013, 10(4): 299-329.

Pan XZ, Teng FH, Wang G. Sharing emission space at an equitable basis: Allocation scheme based on the
equal cumulative emission per capita principle. Applied Energy 2014, 113: 1810-1818.

Bode S. Equal emissions per capita over time—a proposal to combine responsibility and equity of rights
for post-2012 GHG emission entitlement allocation. European Environment 2004, 14(5): 300-316.
WBGU. Solving the climate dilemma: The budget approach. Berlin, Germany: German Advisory Council
on Global Change, ; 2009.

Raupach MR, Davis SJ, Peters GP, Andrew RM, Canadell JG, Ciais P, et al. Sharing a quota on cumulative
carbon emissions. Nature Climate Change 2014, 4(10): 873-879.

Weinrib EJ. Corrective Justice in a Nutshell. The University of Toronto Law Review 2002, 52(4): 349-356.
USA. Submission on Quantified economy-wide emission targets for 2020. In: Change USD0oS-OotSEfC,
editor. Washington, D.C. 20520: UNFCCC; 2010. Available from:

http://unfccc.int/files/meetings/cop 15/copenhagen accord/application/pdf/unitedstatescphaccord a
pp.1.pdf

USA. US Cover Note, INDC, and Accompanying Information. In: US Department of State, editor. Bonn,
Germany: UNFCCC; 2015. p. 5. Available from:
http://www4.unfccc.int/submissions/INDC/Published%20Documents/United%20States%200f%20Ameri
ca/1/U.S.%20Cover%20Note%20INDC%20and%20Accompanying%20Information.pdf

EU28. Submission by Latvia and the European Commission on behalf of the European Union and its
Member States: Intended Nationally Determined Contribution of the EU and its Member States. Riga,
Latvia: Latvian Presidency of the Council of the European Union; 2015. p. 5. Available from:
http://www4.unfccc.int/submissions/INDC/Published%20Documents/Latvia/1/LV-03-06-
EU%20INDC.pdf

UNFCCC. FCCC/AWGLCA/2008/CRP.6*: Report on the workshop on a shared vision for long-term
cooperative action. Poznan: UNFCCC; 2008 4 December 2008.

India. Prime Minister's Statement Prior to his Departure for Copenhagen, 17 December 2009. In: Office
PMs, editor. New Delhi, India: Ministry of External Affairs, Government of India; 2009. p. 1. Available
from: http://www.mea.gov.in/outoging-visit-
detail.htm?1363/Prime+Ministers+Statement+Prior+to+his+Departure+for+Copenhagen

Jayaraman T, Kanitkar T, Dsouza M. Equitable Access to Sustainable Development: An Indian Approach.
In: experts B (ed). Equitable Access to sustainable development: Contribution to the body of scientific
knowledge: Beijing, Brasilia, Cape Town and Mumbai, 2011, p 97.

Ostrom E. Governing the commons: The evolution of institutions for collective action. Cambridge
university press, 1990.

Grubb M, Gupta J. Leadership. Climate Change and European Leadership. Springer, 2000, pp 15-24.

Page 17 of 21



444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482

483

484

485

Meinshausen et al. — Post-2020 Targets — Version Thursday, 27 August 2015

41.
42.
43.
44,
45.
46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Gutmann A, Thompson D. Democracy and disagreement. Harvard University Press, 2009.

Cohen J. Moral pluralism and political consensus. The idea of democracy 1993: 270-291.

Light A, Katz E. Environmental pragmatism. Psychology Press, 1996.

Sunstein CR. Incompletely theorized agreements. Harvard Law Review 1995: 1733-1772.

Traxler M. Fair Chore Division for Climate Change. Social Theory and Practice 2002, 28(1): 101-134.
ADP U. Negotiating Text. Agenda Item 3. Implementation of all the elements of decision 1/CP.17.
FCCC/ADP/2015/1. Geneva, Switzerland; 2015. Available from:
http://unfccc.int/documentation/documents/advanced search/items/6911.php?priref=600008407#beg
Waltz KN. Theory of international politics. Waveland Press, 1979.

Priest M. Australia may not sign up to Paris climate deal: Andew Robb. The Sydney Morning Herald.
2014 December 11, 2014.

Young OR. Political leadership and regime formation: on the development of institutions in international
society. International organization 1991, 45(03): 281-308.

US China. U.S.-China Joint Announcement on Climate Change, 12. Nov. 2014. In: House TW, editor.
Beijing, China; 2014. Available from: https://www.whitehouse.gov/the-press-office/2014/11/11/us-
china-joint-announcement-climate-change

Climate Action Tracker. Climate Action Tracker. 2015 [cited 2015 5 May 2015]Available from:
http://climateactiontracker.org/

Boyd R, Stern N, Ward B. What will global annual emissions of greenhouse gases be in 2030, and will
they be consistent with avoiding global warming of more than 2C? London: ESRC Centre for Climate
Change Economics and Policy and Grantham Research Institute on Climate Change and the
Environment; 2015.

Sha F, Ji Z, Linwei L. An Analysis of China's INDC. Beijing, China: China National Center for Climate
Change Strategy and International Cooperation; 2015.

IEA. Press Release 13 March 2015: Global energy-related emissions of carbon dioxide stalled in 2014.
2015 [cited 2015 31 March 2014]Available from:
http://www.iea.org/newsroomandevents/news/2015/march/global-energy-related-emissions-of-
carbon-dioxide-stalled-in-2014.html

Meinshausen M, Smith SJ, Calvin K, Daniel JS, Kainuma M, Lamarque J, et al. The RCP greenhouse gas
concentrations and their extensions from 1765 to 2300. Climatic Change 2011, 109(1-2): 213-241.
IPCC (ed). Summary for Policymakers. Cambridge University Press: Cambridge, United Kingdom and New
York, NY, USA, 2014.

Baer P, Athanasiou T, Kartha S, Kemp-Benedict E. The right to development in a climate constrained
world., 2008.

Nabel JEMS, Rogelj J, Chen CM, Markmann K, Gutzmann DJH, Meinshausen M. Decision support for
international climate policy — The PRIMAP emission module. Environmental Modelling and Software
2011, 26(12): 1419-1433.

Yu K, Jones M. Local linear quantile regression. Journal of the American statistical Association 1998,
93(441): 228-237.

Page 18 of 21



486

487

488

489
490
491
492
493
494

495

496
497
498
499
500
501
502
503
504
505

506

507
508
509
510
511

512

513
514
515
516
517
518
519
520
521
522
523

524

525

Meinshausen et al. — Post-2020 Targets — Version Thursday, 27 August 2015

Figures

Figure 1| Global 2025/2030 GHG emission waypointsimplied by the IPCC 2°C carbon budget of 1010 GtCO.. a,
historical GHG emissions and harmonized future scenarios from the IPCC ARS Scenario Database (thin lines), and RCP
scenarios (thick grey lines). Our default waypoints are indicated as well as a 50% reduction compared to 1990 by 2050 (60%
reduction compared to 2010) (orange dots); b, 2030 GHG emission waypoints derived by quantile regression of GHG
emissions in 2030 versus the scenarios cumulative emissions from 2012-2100 — distinguishing between scenarios that imply
negative fossil CO, emissions (orange circles) or not (blue circles); ¢, as b, but for 2025 GHG emissions.

Figure 2 | Re-analysis of the IPCC Allocation Database and our country-level allocationsin comparison for USA and
China. a, Global 2025 GHG emissions relative to 2010 levels (left axis) in the IPCC allocation regime database collected by
Ref. "', distinguished by their respective IPCC WG3 stabilization categories Cat0 to Cat4 (colour codes, see legend). Studies
that explored multiple stabilisation levels are connected (grey lines). The horizontal axis shows cumulative GHG emissions
between 2012 and 2049, with the range between 1.34 and 1.50 TtCO,eq (Trillion tonnes CO, eq) highlighted (grey vertical
band) as range between medians of a quantile regression at the 1010 GtCO, budget across IPCC ARS Scenario Database
without and with negative fossil CO, emissions, respectively; b, Same as a, but for 2025; ¢, d, same as a and b, respectively,
but for GHG emissions of USA and China on the y-axis (derived as ~90% fractions of the North American and East Asian
regions, SI); e,f, Same as ¢ and d, but complemented by extrapolation of single-stabilisation level studies, and three of our
country-level allocation regimes (SI). Colour codes reflect different allocation regimes in e and f (see legend).

Figure 3| lllustration of the ‘diversity-awar e leadership’ concept in contrast with self-differentiation. a, self-
differentiation under a joint target C leads to the collective target C being exceeded; b, a collective target enhancement could
ensure the self-differentiation still achieving the collective target C; C, a ‘diversity-aware’ leadership country A could set a
target so that with self-differentiation of ‘follower’ countries (committing to a ‘comparable’ level of effort under their chosen
allocation approach) would still ensure to keep the collective target C. (mathematical formulation in ST)

Figure4 | Global GHG emissionsin 2010 and allocationsw.r.t. 2010 for 2025, if countriesfollow either USA, EU or
China as potential leader ship countries. a, Global 2010 GHG emission shares by individual G20 countries or the
respective remainders of IPCC’s 10 world regions (each region with their distinct colour); b, 2025 GHG emissions
allocations w.r.t. 2010 if countries follow the USA INDC announcement (here shown for an intermediate 27% reduction
below 2005 by 2025); ¢, 2025 GHG emissions allocations, if USA assumes a ‘leadership’ 2°C compatible target of -54% by
2025; d, 2030 GHG emissions w.r.t to 2010, if countries follow ‘comparable’ reductions to the EU28 target of 40% below
1990 levels. e, Same as d, in case that the EU28 assumes a target of 67% below 1990, so that global GHG emissions are
returning back to 1990 levels (22% below 2010); f, Same as d, if countries follow a potential Chinese increase of GHG
emissions by 35% until 2030 with comparable targets, resulting in 33% higher global emissions by 2030 compared to 2010
levels; g, Same as e, but countries follow a 2°C compatible leadership target of -32% by China. World emission changes
w.r.t. 2010 are provided at the centre of the circles for panels b to g.
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526  Tables
527
528 Table1|2030 GHG emission allocationsfor potential leader ship countriesin order to bring world GHG emissions
529 back to 1990 levels by 2030. The shown reductions by benchmark allocation target countries (column C) depend on the
530 allocation approach chosen by all other countries. The same benchmark allocation target is expressed relative the countries’
531 2010 emissions as well as their 2020 pledge reference year, e.g. 1990, 2000 or 2005. See Table S9 for 2025 GHG emission
532 allocations.
Necessary Lead Nation's emissions to reach 2°C waypoint, if other countries follow
‘comparable’ efforts on the basis of ....
.. either ...Celljtger
CDC or ! ECPC50 CDC GDR ECPC90
ECPC50 ECPC50 or
. Reference GDR
Lead Nation
Year Equal Greenhouse Equal
Diverse- Sensitivity Cumulati_ve Common- Deve]opment Cumulati_ve
Per-Capita but- Rights Per-Capita
aware Case e . . e
leadership leadership Emissions | differentiated Apprqach Emissions
(all GHG, Convergence (medium (all GHG,
since 1950) setting) since 1990)
Column A B C D E F G H
Argentina rel. 2010 -47% -62% -24% -28% -34% -24%
Australia rel. 2000 -63% -83% -62% -23% -57% -47%
rel. 2010 -66% -84% -65% -30% -61% -52%
Brazil rel. 2010 -59% -67% -45% -35% -28% -36%
Canada rel. 2005 -13% -91% -71% -42% -71% -58%
rel. 2010 -12% -90% -70% -41% -71% 57%
China rel. 2010 -32% -35% -4% -32% 1% -23%
EU28 rel. 1990 -67% -96% -58% -51% -90% -52%
rel. 2010 -61% -95% -49% -41% -88% -43%
France rel. 1990 -62% -106% -47% -42% -99% -39%
rel. 2010 -59% -107% -43% -371% -99% -34%
Germany rel. 1990 -719% -104% -75% -60% -95% -65%
rel. 2010 -73% -105% -67% -48% -94% -54%
India rel. 2010 80% 3% 98% 84% 46% 98%
Indonesia rel. 2010 -53% -56% -32% -39% 1% -40%
Italy rel. 1990 -58% -96% -38% -46% -94% -44%
rel. 2010 -53% -96% -32% -41% -93% -39%
Japan rel. 2005 -64% -99% -48% -53% -97% -53%
rel. 2010 -62% -99% -45% -50% -97% -50%
Mexico rel. 2010 -10% -50% 13% 9% -40% 2%
Norway rel. 1990 -61% -146% -47% -40% -145% -38%
rel. 2010 -42% -167% -23% -13% -166% 9%
Russia rel. 1990 -88% -92% -87% -75% -74% -78%
rel. 2010 -76% -83% -73% -48% -45% -55%
Saudi Arabia rel. 2010 -51% -60% -38% -22% -22% -34%
South Africa rel. 2010 -54% -60% -37% -33% -16% -33%
South Korea rel. 2010 -60% -88% -43% -54% -85% -56%
Switzerland rel. 1990 -42% -126% -17% -31% -125% -23%
rel. 2010 -44% -125% -20% -33% -125% -25%
Turkey rel. 2010 -11% -39% 6% -5% -20% 6%
United rel. 1990 -74% -107% -68% -52% -96% -56%
Kingdom rel. 2010 -67% -109% -58% -37% -95% -43%
USA rel. 2005 -76% 97% -75% -44% -84% -59%
rel. 2010 -75% -97% -74% -41% -83% -57%
533
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Table2 | Analysis of INDCs submitted until 1 April 2015 by either Annex | or G20 countries.

Leadership
INDC Evaluation of INDC Benchmark Gap

Announced INDC as of 1 April

2015
Country Country
Target Ref. Target
rel. Ref. Year rel. 2010
Year (%) (%)
Target Year 2025
-26% to - -22%to -
USA 28% 2005 24%
Switzerland -35% 1990 -37%
Target Year 2030
EU28 -40% 1990 -27%
(China)** (35%)** 2010 (35%)**
-22%to - 15% to -
Mexico*** 36% 2030* 6%
-25%to - 56% to
Russia 30% 1990 46%
Switzerland -50% 1990 -52%
Norway -40% 1990 -13%

Resulting World Emissions, if other
countries do comparable effort and
understand ‘fair' to be ....

The least
ambitious
of the
CDC ECPC50 | two..
World Emissions rel. 2010 (%)
-71%to -

9% 6% t0 4% | 6% to 5%
-25% -43% -19%
-10% -4% -1%
33% 12% 33%

n/a% to - n/ato - nfato -

20% 69% 20%
73t0 88% to 89% to
64% 79% 80%
-38% -62% -28%
-22% -14% -9%

Global
2°C INDC consistent with
Waypoi 2°C Waypoint as
ntrel. 'diversity-aware
2010 leader’
(%)
Country
Country Target
Target
rel. Ref. 2?)31'0
0,
Year (%) )
-15% -54% -52%
-29% -31%
-67% -61%
-32%
-390, -109
2206 39% 10%
-88% -76%
-42% -44%
-61% -42%

Difference
between
INDC/Announce
ment and
Leadership
benchmark

GtCO:2 $
eglyr | Billion/
in yr @
2025 | 3$10itC
or 02¢eq
2030 | (lllustra

tive)***
*

1.7-

18 17-18

15 15

7.6 76
016- | 16-
0.03 0.3

18-

19 18-19
0.01 0.1

Notes: * Mexico’s 2030 baseline assumed as 973 MtCO,eq GHG emissions in 2030 as per Mexican INDC submission, compared to
2010 emissions of an estimated 662 MtCO,eq (own PRIMAP default data).

** In a joint announcement with the US, China pledged a peaking of its CO, emissions by 2030 or earlier and confirmed that pledge
in its INDC on 30™ June 2015 and added an intended 60% to 65% emission intensity improvement. We illustrate the Chinese
pledge of peaking CO, emissions by 2030 with a 35% increase of GHG emissions above 2010 levels (SI).

*** Our reference scenario emissions are only 13% above 2010 levels for Mexico. Thus, we cannot reliably estimate World

emissions corresponding to a 15% increase above 2010 emissions. See Figure S 20 on Mexico.

**** These monetary amounts are purely illustrative. The effective conversion rate between Emissions and financial support
depends on multiple explicit or implicit factors and could legitimately cover a wide range, in which we do not even suggest the
illustrative $10/tCO,eq to be a middle value. Furthermore, the economic capability of countries is not taken into account here.
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2010: Global GHG Emissions
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