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Abstract
In June 2015, theG7 agreed to two globalmitigation goals: ‘a decarbonization of the global economy
over the course of this century’ and ‘the upper end of the latest Intergovernmental Panel onClimate
Change (IPCC) recommendation of 40%–70% reductions by 2050 compared to 2010’. These IPCC
recommendations aim to preserve a likely (>66%) chance of limiting global warming to 2 °Cbut are
not necessarily consistent with the stronger ambition of the subsequent Paris Agreement of ‘holding
the increase in the global average temperature towell below 2 °Cabove pre-industrial levels and to
pursue efforts to limit the temperature increase to 1.5 °Cabove pre-industrial levels’. TheG7 did not
specify global or national emissions scenarios consistent with its own agreement.Here we identify
global cost-optimal emissions scenarios from Integrated AssessmentModels thatmatch theG7
agreement. These scenarios have global 2030 emissions targets of 11%–43%below 2010, global net
negative CO2 emissions starting between 2056 and 2080, and some exhibit net negative greenhouse
gas emissions from2080 onwards.We allocate emissions from these global scenarios to countries
according tofive equity approaches representative of thefive equity categories presented in the Fifth
Assessment Report of the IPCC (IPCCAR5): ‘capability’, ‘equality’, ‘responsibility-capability-need’,
‘equal cumulative per capita’ and ‘staged approaches’. Our results show thatG7members’ Intended
NationallyDeterminedContribution (INDCs)mitigation targets are in linewith a grandfathering
approach but lack ambition tomeet various visions of climate justice. The INDCs of China andRussia
fall short ofmeeting the requirements of any allocation approach. Depending on how their INDCs are
evaluated, the INDCs of India andBrazil canmatch some equity approaches evaluated in this study.

1. Introduction

The G7 includes the world’s seven largest advanced
industrial economies (here we include Canada, Japan,
the United States, and the 28 EU countries that are
represented by the European Commission within the
G7). As a group, the G7 produced over 31% of
international greenhouse gas (GHG) emissions in
2010–over 27% including Land-Use, Land-Use
Change and Forestry (LULUCF) emissions
(Gütschow 2015). The G7’s domestic mitigation
efforts can therefore have a significant impact on
climate change. Moreover, in producing over 65% of

current global Gross Domestic Product (GDP) (World
Bank 2014), the G7 has considerable capacity to fund
and lead the transition to a zero carbon global
economy.

The G8 (G7 plus Russia) first recognized the need
for emissions mitigation (Kirton et al 2011) in 1979
and in 1992 strongly supported the creation of the
United Nations Framework Convention on Climate
Change (UNFCCC) (Kirton and Kokotsis 2015, p
107). Five months before the Copenhagen Accord in
2009, the G8 endorsed Intergovernmental Panel on
Climate Change (IPCC) recommendations to limit
global warming to 2 °C and supported a global
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emissions mitigation target of 50% below 1990 levels
by 2050 (G8 2009, p 4). Following the Elmau agree-
ment (G7 2015, p 12) in June 2015, the G7 now sup-
ports ‘the upper end of the latest IPCC
recommendation of 40%–70% reductions by 2050
compared to 2010’ (G7 2015), intended to preserve a
likely (>66%) chance of attaining theUNFCCCobjec-
tive to limit global warming to 2 °C (Edenhofer
et al 2014, table 6.3). In Elmau, theG7 also emphasized
the requirement of a ‘decarbonization of the global
economy over the course of the century’ and com-
mitted to do their part to achieve a ‘transformation of
the energy sector by 2050’.

The objective of the G7 agreement was later
strengthened, in Paris, where G7 members and all
other UNFCCC parties agreed to ‘achieve a balance
between anthropogenic emissions by sources and
removals by sinks of GHG emissions in the second half
of the century’ (which basically means net zero GHG
emissions sometime between 2050 and 2100) and to
hold ‘the increase in the global average temperature to
well below 2 °C above pre-industrial levels and pursue
efforts to limit the temperature increase to 1.5 °C’.

In this study, we interpret the Elmau agreement as
a requirement to reduce global GHG emissions by
60%–70% between 2010 and 2050 and fully dec-
arbonize by 2100 at the latest. We note that the term
‘decarbonization’ is ambiguous, as it can be defined as
the process of lowering carbon intensity (Edenhofer
et al 2014, sec Annex I, Glossary) rather than the end-
point of net zeroCO2 emissions as often interpreted by
the public and some governments (Hendricks 2015).
We identify the seven cost optimal Integrated Assess-
mentModel (IAM) scenarios from the IPCCAR5 data-
base (https://tntcat.iiasa.ac.at/AR5DB/) consistent
with our interpretation of the Elmau agreement
(figure 1 and SI). We add to this set RCP2.6, the only
one of the four Representative Concentration Path-
ways employed by the IPCCAR5 that offers a likely
chance of limiting global warming to 2 °C (van Vuu-
ren et al 2011).While just outside our interpretation of
the Elmau criteria, with GHG emissions 57% below
2010 in 2050, RCP2.6 lies within the range of our
selected scenarios for most of the century. These eight
selected economically optimal scenarios result from
mitigation policies starting in 2010 and 2020 and show
global GHG emissions between +1% and −28% in
2025 compared to 2010 levels, and between−11% and
−43% in 2030 (or between −12% and −55% for
CO2). Thesemitigation targets are slightlymore ambi-
tious than the targets recommended byUNEP, namely
−4% in 2025 compared to 2010, −14% by 2030 and
−55% by 2050 (UNEP 2014), and are in line with the
Paris decision target of 40GtCO2eq for 2030 (figure 1).
The eight selected scenarios reach net negative CO2

emissions between 2056 and 2080 and some reach net
negative GHG emissions after 2080 (see SI). If near-
term targets lie at the least ambitious end of the range
presented here, achieving the climate objective would

require long-term targets to lie at the most ambitious
end of the range.

The question of how mitigation effort, or equiva-
lently emissions rights, should be distributed between
countries invokes complex and competing value jud-
gements (Rose et al 1998, Ringius et al 2002,
Bode 2004, Höhne et al 2006, Baer et al 2008, Jacoby
et al 2008, Nabel et al 2011, Winkler et al 2011, Höhne
et al 2013, Edenhofer et al 2014, chapter 6, Raupach
et al 2014, Winkler and Rajamani 2014, Meinshausen
et al 2015). In 2009, the G8 supported a differentiated
2050 target for developed countries of at least 80%
compared to 1990 or more recent years (G8 2009, p 4)
(figure S3 in supplementary information). At Elmau,
the G7 stated its determination to adopt an agreement
with legal force ‘applicable to all parties that is ambi-
tious, robust, inclusive and reflects evolving national
circumstances’ (G7 2015, p 12) but it has not subse-
quently provided near-term global targets or national
emissions allocations consistent with the 2 °Cgoal.

In the absence of international consensus on an
effort-sharing approach, scientists and government
representatives have employed a range of equity prin-
ciples when modeling international emissions dis-
tributions consistent with holding global warming
below 2 °C (Rose et al 1998, Baer et al 2008, den Elzen
et al 2008, Jacoby et al 2008, Nabel et al 2011, Winkler
et al 2011, Höhne et al 2013, Tavoni et al 2014, Rau-
pach et al 2014, Pan et al 2015, Peters et al 2015, Mein-
shausen et al 2015). The IPCCAR5 grouped the
regional 2030 mitigation targets of over forty studies
into five categories according to distributive justice
concepts associated with ‘capability’, ‘equality’,
‘responsibility-capability-need’, ‘equal cumulative per
capita (CPC)’ and ‘staged approaches’ (Höhne
et al 2013, Edenhofer et al 2014, figure 6.28).While the
global GHG emissions scenarios of these studies result
in the stabilized concentration levels (425–485 ppm
CO2eq) required to have a medium chance (50%–

66%) of limiting warming to 2 °C, they do not gen-
erally follow trajectories that are—under certain con-
ditions—deemed technologically feasible and
economically optimal within IAM modeling worlds
(Höhne et al 2013).

Under the strict implementation of such a non-
optimal allocation approach, countries would have to
engage in inter-temporal trading of emission permits
(borrowing or banking) in order to achieve realistic
mitigation trajectories that minimize aggregate eco-
nomic costs. Such inter-temporal trading relies on
governments that are stable and accountable over
time, and on an emission trading system that allows
countries to use or sell their future or past emissions
permits. Such an arrangement does not appear to be
on the horizon in the new post-2020 regime. In this
study, we allocate to countries, on the basis of equity
approaches, emissions trajectories that add up to glo-
bal IAM emissions scenarios at any point in time. In
addition to domestic mitigation, countries can use
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new mechanisms to match their emissions allocation.
The recent Paris Agreement and decision recognized
the voluntary ‘use of internationally transferred miti-
gation outcomes towards nationally determined con-
tributions’ and encouraged the implementation of
‘results-based payments [K] for the implementation
of policy approaches’ (UNFCCC 2015a). While no
comprehensive global emissions trading scheme is
currently in place, countries can match the emissions
allocations derived in this study through a combina-
tion of domestic mitigation and financial contribu-
tions. These financial contributions could be
purchases of mitigation outcomes as part of a global
emissions trading scheme or as contributions to global
climate finance. An assumption on the pricing, in
terms of a contribution to climate finance, of a certain
emissions allocation is necessary to compare currents
efforts with the allocations derived in this study. The
conversion of financial contributions to emissions
reductions is beyond the scope of this study.

Our study derives national targets that are con-
sistent with various interpretations of equity and with
the aggregate global decarbonization trajectory laid
out in the G7 agreement.Wemodel the five IPCC allo-
cation categories as follows (see SI for further details).
The ‘capability’ (CAP) approach, from Jacoby et al
(2008), allocates to each country a share of global
emissions proportional to its population divided by its
per capita GDP—or proportional to its GDP when
global net emissions become negative. The ‘equal per
capita’ (EPC) approach, reflecting the ‘equality’ IPCC
category, allocates global emissions shares that are
proportional to each country’s population. The

‘Greenhouse Development Rights’ (GDR) approach
proposed by Baer et al (2008), reflects the ‘responsi-
bility-capability-need’ IPCC category, and allocates
emissions shares based on the historical and projected
business-as-usual emissions, the population and the
wealth distribution of each country. The ‘equal cumu-
lative per capita’ (CPC) approach allocates each coun-
try with total cumulative emissions in proportion to its
cumulative population over a chosen period. Finally,
the ‘constant emissions ratio’ (CER) approach pre-
serves the relative distribution of GHG emissions
across countries from the start of the allocation
onwards. This status-quo approach, also referred to as
the ‘grandfathering’ approach (Rose et al 1998, Müller
and Höhne 2013) or ‘inertia’ (Peters et al 2015), is
included in the ‘equality’ category by the IPCC, but is
often considered less equitable than other approaches
found in the literature (Caney 2009, Peters et al 2015).

2.Methods

We used the Potsdam Real-time Integrated Model for
the probabilistic Assessment of emission Paths (PRI-
MAP) (Nabel et al 2011) to model allocations
approaches. This model contains a database with
historical and projected data of: national GHG emis-
sions, population andGDPpurchase power parity.We
used GHG emissions data from the PRIMAP database
(Nabel et al 2011) that combines UNFCCC CRF
inventories for Annex I (UNFCCC 2014) countries
and EDGAR42 data for non-Annex I countries (Eur-
opean Commission 2009). Incomplete historical data-
sets are extrapolated in the past using the growth rates

Figure 1. IAM scenarios from the IPCCAR5 thatmeet theG7 agreement for global emissionsmitigation. The ranges of IAMemissions
scenarios, including LULUCF emissions, thatmatch theG7 vision forGHG (in blue) and for CO2 (in green) are shownwith RCP2.6
GHG (red line) andCO2 (yellow line) emissions scenarios. The Elmau agreement is interpreted as aGHGemissions reduction of
60%–70%below 2010 levels by 2050 (blue interval) and net zeroCO2 emissions (green dotted line) by the end of the century. The
aggregate INDCs level (UNFCCC2015c) is shownwith the Paris decision 2030 goal and theUNEP recommendations for 2025, 2030
and 2050 (gray and black circles). The inset shows the seven selected scenarios (in blue), RCP2.6 (in red) selected out of the 846
IPCCAR5 databaseGHG scenarios (in gray).
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of CDIAC data (Boden et al 2012) for CO2 and
MATCH data (Höhne et al 2010) for other GHGs.
Country level emissions projections are obtained from
downscaled Regional RCP emissions using the Shared
Socioeconomic Pathway Two (SSP2) socioeconomic
data (O’Neill et al 2015) and the assumption of
exponential convergence of emission intensities
within a region.

We combined Kyoto-GHG (carbon dioxide,
methane, nitrous oxide, perfluorocarbons, hydro-
fluorocarbons and sulphur hexafluoride) emissions
following the ‘SAR GWP-100’ (Global Warming
Potential for a 100 year time horizon) introduced in
the Second Assessment Report of the IPCC and used
under theUNFCCC.

We selected from the 846 IAM GHG scenarios
available in the IPCCAR5 database those consistent
with the G7 Elmau agreement. Scenarios were selected
based on their dynamic capacity to achieve emissions
reductions of 60%–70% between 2010 and 2050
(including emissions from LULUCF) as well as to
reach net zero CO2 emissions by the end of the 21st
century (figure S1 in supplementary information). We
then removed seven scenarios that showed emissions
values almost equal (<2% difference) to others (figure
S1 in supplementary information). We further
removed two scenarios that featured steep mitigation
before 2020, plateauing by 2030, as well as an annual
LULUCF emissions sink that exceeds 15 GtCO2 y

−1

before 2100. Finally, we excluded a scenario that did
not offer a likely chance of limiting warming to 2 °C.
The seven selected scenarios result from five models
involved in three model inter-comparison exercises
(table S1 in supplementary information): the LIMITS
(Kriegler et al 2013), the EMF22 (Clarke et al 2009) and
the EMF27 (Kriegler et al 2014b) studies.

Following this selection, we excluded LULUCF
emissions from the global emissions scenarios to be
allocated. We also subtracted international shipping
emissions (CO2, CH4 and N2O only) and aviation
bunker emissions according to scenarios from the
QUANTIFY project (Owen et al 2010), both following
IPCC-SRESB1—a scenario that limits global warming
to 1.8 °C compared to the 1980–1999 average
(IPCC 2007). In the scenarios used, shipping emis-
sions increase by 288%over the 2010–2100 period and
aviation emissions are 101%higher in 2100 after peak-
ing in 2062. More ambitious mitigation from the avia-
tion and marine sectors would create more emissions
space for other sectors and countries. A ‘fair’ contrib-
ution from these sectors has not yet been clearly estab-
lished but would likely require mitigation beyond that
assumed here (Anderson and Bows 2012, Cames
et al 2015).While Article 4 of the Paris Agreement cov-
ers global emissions, its lack of specific reference to
bunker emissions and the absence of current policies
leaves no ground to assume strong mitigation in these
sectors.

As the seven selected scenarios are initiated in
either 2005 or 2010, we harmonized them to the PRI-
MAP database’s 2010 emissions of 42.5 GtCO2eq excl.
LULUCF emissions (see methods). To do so, the sce-
narios were multiplied by a vector that is an interpola-
tion between the 2010 reported emissions divided by
the respective 2010 scenarios values, and 1 in 2040
(Meinshausen et al 2011). As the harmonization
amended the initial 2010 levels, the harmonized global
scenarios (including LULUCF and bunker emissions)
do not all exactly meet a 60%–70% reduction in 2050
compared to observed 2010 levels (figure 1). After har-
monization, the seven selected global scenarios show
instead an emissions reduction of 59%–70% over the
2010–2050 period. We added RCP2.6 to the seven
selected IPCCAR5 scenarios.

We calculated emissions allocations for 2011
onwards, since historical emissions are available for all
countries only until 2010 (see SI for detailedmethods).
For the EPC and CAP approaches, a 30 year conv-
ergence period allows for a linear transition between
initial international emissions ratios and emissions
ratios calculated by each approach. Under the CPC
andGDR approaches, historical emissions are accoun-
ted from 1990, the date of the first IPCC report and
second World Climate Conference. Historical emis-
sions are discounted successively by 1.5% each year in
the past (Winkler et al 2011), starting in 2010, to
account for technological improvement. The GDR
approach is set to give equal weight to its historical
responsibility and its capability components. The
mitigation burden of a country is based on the number
of its citizens earning more than $7500 (in purchase
power parity). Population (KC and Lutz 2014) and
GDP (Crespo Cuaresma 2015) scenarios projections
follow the SSP2—IIASA implementation (https://
tntcat.iiasa.ac.at/SspDb/) that assumes medium
population and economic growth, andmedium socio-
economic challenges for both mitigation and adapta-
tion. The reference case projections used in the GDR
approach are downscaled fromRCP8.5—assuming no
further mitigation measures. When no absolute target
can directly be derived from a country’s Intended
Nationally Determined Contribution (INDC), we
show the range of targets as available from two sepa-
rate online assessments (Climate Action Tracker 2015,
Meinshausen 2015). The national allocations and
INDC targets are applied here to ‘Kyoto-Annex A’
emissions, excluding LULUCF emissions, since pro-
posed accounting rules differ widely across countries.

3. Results

For all G7 parties, allocation approaches can be ranked
in the same increasing order of stringency: CER, EPC,
CAP, CPC and GDR (figure 2 and table 1). Emissions
allocations across the five approaches diverge rapidly
for G7 parties, in particular after 2030 when the CPC
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and GDR approaches imply net negative emissions.
Across the four ‘fair’ approaches (i.e. all but CER),
aggregated emissions allocations over G7 parties are
44%–92% below 2010 levels in 2030, and 84%–144%
below 2010 levels in 2050 (figure S3 in supplementary
information). By contrast, the INDCs of the G7 parties
are consistent only with the CER approach. Only the
conditional long-term target of the EU28 matches the
reduction of other approaches: EPC andCAP.

Achieving the G7’s objectives in a fair way implies
the participation of all countries. Other countries can
align with the G7 INDCs in one of two ways: either by
picking the CER approach, or by picking the approach
resulting in the least ambitious national mitigation
targets. Assuming that G7 countries do not raise the
ambition of their current commitments, only the first
of these two options would guarantee a likely chance
of limiting global warming to 2 °C (Meinshausen
et al 2015). All UNFCCC parties would then follow the
CER approach and reduce their emissions by the same
amount compared to 2010, (6%–40% by 2030
depending on the global target, figure 2). However,
such a universalmitigation target is considerablymore
stringent than other approaches for developing
countries.

To illustrate the second option, we usefive approa-
ches to derive allocations (figure 2 and table 1) for Bra-
zil, Russia, India andChina (BRIC), which together are
responsible for a growing share of international

emissions (37% in 2010, 39% incl. LULUCF (Güt-
schow 2015)). By picking the least stringent of the five
approaches, China would emit−25% to+6% in 2030
compared to 2010 under the GDR approach, India
+105% to +169% under the CPC, Russia −6% to
−40%under the CER and Brazil−0% to−36%under
the EPC. The INDCs of Russia and China (Climate
Action Tracker 2015) are inconsistent with any alloca-
tion approach applied here. The INDC of India is con-
sistent with the CPC and the EPC approaches
(Meinshausen 2015). The indicative 2030 target of
Brazil’s INDC, 43% below 2005, appears more ambi-
tious than any approach’s allocation if applied to non-
LULUCF emissions. However, a target 43% below
2005 levels including LULUCF emissions lies far above
any approach’s allocation. Overall, national results of
the ‘fair’ approaches are consistent with the inter-
quartile range of targets (Pan et al 2015) aggregated
from multiple approaches applied to RCP2.6. How-
ever, compared to the Pan et al (2015) study , we obtain
slightly stricter targets for Japan and Russia, andmuch
stricter targets for China with up to 81% reduction
between 2010 and 2030 under theCPC approach.

To illustrate the implications of equitable imple-
mentations of the G7 agreement for the rest of the
world, we derive aggregated 2030 targets for five world
regions—OECD, Economies In Transition, Asia,
Middle East and Africa, and Latin America—, and
compare these with the analysis of the IPCCAR5

Figure 2.Emissions allocations and INDCs ofG7 andBRIC countries consistent with theG7 agreement according to the 5 effort
sharing approaches: capability (dark blue), equal per capita (turquoise), GreenhouseDevelopment Rights (green), equal cumulative
per capita (yellow) and constant emissions ratio (orange). Emissions allocations consistentwith RCP2.6 are shown for each approach
(colored lines). Allocations, INDCs (black circles) and other pledges (gray circles) of each country are shown applied to ‘Kyoto-Annex
A’ emissions. Side panels: 2030 target ranges consistent with each effort-sharing approachwith INDCs (gray lines), the color shading is
darker below each allocation consistentwith aG7 scenario. TheUSA 2030 target is linearly interpolated between their 2025 and 2050
commitments.
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(Edenhofer et al 2014, figure 6.28) (figure 3). IPCCAR5
results depend on whether or not the underlying glo-
bal scenarios allow net negative emissions. Further-
more, differences in the methods used to interpret
equity concepts, as well as in the choice of baseline sce-
nario and political parameters, have caused dis-
crepancies between the IPCC’s analysis and our own
(see SI). Compared to IPCCAR5 results, our capability
based results are more stringent for developed coun-
tries and less stringent for developing countries (espe-
cially in theMiddle East and Africa), while GDR based
results appear less stringent for developed countries;

this is due to our choice of methodology (Jacoby
et al 2008) (see SI). According to our analysis, 2030
mitigation targets across all approaches (relative to
2010 levels) range from +9% to −45% for Asia and
from +14% to −53% for Latin-America, comparable
with IPCC results. Allocations for theMiddle East and
Africa region vary greatly across approaches with tar-
gets between +14% and +108% above 2010 levels
under the EPC, GDR, or CPC approaches, and up to
+275% under the capability approach. These four
‘fair’ approaches allow both significant increases of
emissions in theMiddle East andAfrica in line with the

Table 1.Emissions reductions consistent with theG7 agreement according the five effort sharing approaches. The INDCs and pledges, the
average and complete range (in square brackets) ofmitigation targets over the eight selected scenarios are given in percent of 2010 levels.

INDCs and pledges 2025 2030 2050

USA 2025 |−22% CAP −54 [−45 to−63] −73 [−66 to−78] −98 [−98 to−99]
2025 |−24%conditional EPC −44 [−33 to−54] −61 [−51 to−69] −91 [−89 to−93]
2030 |−34%extrapolated GDR −53 [−29 to−75] −70 [−48 to−89] −136 [−130 to−141]
2050 |−79% CPC −50 [−37 to−65] −67 [−50 to−87] −122 [−100 to−144]

CER −12 [5 to−28] −24 [−6 to−40] −67 [−59 to−74]

EU28 2030 |−29% CAP −51 [−42 to−61] −70 [−62 to−76] −96 [−96 to−97]
2050 |−76% EPC −31 [−18 to−44] −46 [−34 to−57] −82 [−78 to−86]
2050 |−94%conditional GDR −54 [−26 to−80] −72 [−46 to−94] −141 [−133 to−148]

CPC −49 [−37 to−64] −66 [−50 to−85] −108 [−100 to−118]
CER −12 [5 to−28] −24 [−6 to−40] −67 [−59 to−74]

Japan 2030 |−35% CAP −51 [−42 to−60] −69 [−62 to−76] −96 [−96 to−97]
EPC −36 [−24 to−48] −52 [−40 to−62] −86 [−83 to−89]
GDR −75 [−51 to−97] −94 [−73 to−112] −151 [−147 to−156]
CPC −50 [−37 to−65] −67 [−50 to−87] −113 [−100 to−128]
CER −12 [5 to−28] −24 [−6 to−40] −67 [−59 to−74]

Canada 2030 |−26% CAP −54 [−45 to−62] −72 [−66 to−78] −98 [−98 to−98]
EPC −42 [−31 to−53] −59 [−49 to−67] −89 [−87 to−91]
GDR −39 [−16 to−61] −55 [−31 to−74] −127 [−120 to−133]
CPC −50 [−37 to−65] −67 [−50 to−87] −119 [−100 to−138]
CER −12 [5 to−28] −24 [−6 to−40] −67 [−59 to−74]

China 2030 |+19% to+48% CAP −49 [−39 to−59] −67 [−59 to−74] −95 [−94 to−96]
(Climate ActionTracker 2015) EPC −30 [−16 to−43] −45 [−32 to−56] −82 [−78 to−86]

GDR 8 [23 to−6] −11 [6 to−25] −64 [−56 to−71]
CPC −46 [−38 to−59] −64 [−50 to−79] −97 [−93 to−102]
CER −12 [5 to−28] −24 [−6 to−40] −67 [−59 to−74]

India 2030 |+63% to+113% CAP 17 [40 to−5] 9 [35 to−13] −43 [−30 to−55]
(Meinshausen 2015) EPC 80 [115 to 46] 81 [125 to 44] 4 [27 to−17]

GDR 36 [47 to 24] 31 [48 to 16] 7 [19 to−4]
CPC 128 [174 to 80] 138 [169 to 105] 93 [111 to 69]
CER −12 [5 to−28] −24 [−6 to−40] −67 [−59 to−74]

Russia 2030 |+6% CAP −52 [−42 to−61] −70 [−62 to−76] −96 [−96 to−97]
2030 |+14%conditional EPC −42 [−31 to−53] −59 [−49 to−68] −90 [−88 to−92]
2050 |−24% GDR −27 [−12 to−41] −42 [−27 to−56] −71 [−65 to−77]

CPC −50 [−38 to−65] −67 [−50 to−87] −121 [−100 to−143]
CER −12 [5 to−28] −24 [−6 to−40] −67 [−59 to−74]

Brazil 2025 |+51% CAP −33 [−20 to−45] −48 [−36 to−59] −83 [−80 to−87]
2025 |−43% (INDCapplied excl. LULUCF) EPC −8 [10 to−25] −19 [0 to−36] −65 [−57 to−72]
2030 |+36% GDR −13 [2 to−27] −21 [−5 to−35] −51 [−44 to−58]
2030 |−48% (INDCapplied excl. LULUCF) CPC −7 [20 to−32] −25 [−4 to−44] −76 [−58 to−100]

CER −12 [5 to−28] −24 [−6 to−40] −67 [−59 to−74]
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region’s needs for economic development, and poten-
tial exports of carbon credits to fund later dec-
arbonization of the economy.

4.Discussion

Our analysis shows that the mitigation commitments
announced by the G7 members to the UNFCCC are
consistent with the Elmau agreement only if they are
enhanced by additional mitigation (or substantial
financial support pledges), or if all other countries
preserve their current share of global emissions
throughout the decarbonization phase. The latter
approach is considered by many to be inconsistent
with the principle of ‘common but differentiated
responsibilities and respective capabilities’
(CBDR+RC) enshrined in Article 3 of the UNFCCC
treaty (UNFCCC 1992, Art. 3.1), but also seems
inconsistent with some declarations and positions of
G7 members themselves. The EU, for example, uses a
capability-based approach to distribute mitigation
efforts internally (Commission of the Europeans
Communities 2008, p 9) and Japan supported con-
sidering ‘the impacts of GHG emissions of each Party
on global warming’ (Japan 2014, p 2). Separately, non-
G7 members supported different concepts of fairness
that appear incompatible with current G7 commit-
ments under a 2 °C warming limit: China, India and
Brazil support concepts that emphasize historical
responsibility for climate change (Winkler et al 2011)

and the Least Developed Countries support a compre-
hensive approach similar to the GDR (Nepal on Behalf
of the Least Developed Countries Group 2014, p 5).
Here we presented approaches consistent with each of
these visions of fairness and compatible with a 2 °C
limit, provided that all parties adopt the same
approach. The global emissions scenarios used in this
study rely on cost-optimal and technical feasibility
considerations within the IAM models used to pro-
duce them. Real world policy implementation will
likely alter the global, and consequently national,
emissions scenarios. Such real world global emissions
scenarios can however not differ substantially from
the IAM scenarios in the context of the physical
imperative to rapidly reduce global emissions in order
to stabilize global temperature.

Further limiting global warming to 1.5 °C, as
aspired to in the Paris Agreement, requires emissions
of 27–31 GtCO2eq in 2030 and 13–17 GtCO2eq in
2050 (UNEP 2014). These ranges are in the lower end
of the range of scenarios consistent with the Elmau
agreement used in this study (27–42GtCO2eq for 2030
and 14–19 GtCO2eq for 2050, figure 1). Future studies
can apply the allocation framework developed here to
determine, on the basis of equity, the further emis-
sions reduction each party should undertake by 2030,
to limit global warming to 1.5 °C.

The global scenarios selected and presented in this
study represent physically realistic emissions trajec-
tories. However, all of the allocated national scenarios
imply strongmitigation in all world regions except the

Figure 3.Emissions allocations in 2030 consistent with theG7 agreement expressed as percentage of 2010 emissions infiveworld
regions according tofive equity approaches: capability (dark blue), equal per capita (turquoise), GreenhouseDevelopment Rights
(green), equal cumulative per capita (yellow) and constant emissions ratio (orange). The shading of the color patch is darker below
each allocation consistent with aG7 scenario. Thewider line shows results when considering RCP2.6. Allocations are applied to
‘Kyoto-Annex A’ emissions.
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Middle East and Africa. Applying such emissions sce-
narios domestically is not always politically acceptable
given the economic and technological momentum of
major emitting parties. The national emissions scenar-
ios presented here should rather be seen as a basis for
the allocations of emissions mitigation and financial
or technological transfers, as encouraged in the Paris
Agreement.

5. Conclusions

The global emission goals agreed in Elmau represent
long-termmilestones in linewith a 2 °Cglobal warming
limit. However, current INDCs are projected to lead to
global emissions around 55 GtCO2eq
in 2030 (UNFCCC 2015c), inconsistent with cost-
optimal scenarios that limit global warming to 2 °C
(figure 1), andmore so to 1.5 °C (Rogelj et al 2015, tables
1–2). Thefive year revision cycle of the ParisAgreement,
which will begin by 2020, requires parties to regularly
update their mitigation ambition in order to close the
gap with least cost mitigation scenarios. At the national
level, our results suggest that all G7 parties need to
increase their mitigation efforts in order to contribute
meaningfully to the global goals agreed in Elmau and
Paris while respecting a range of visions of climate
justice and the principle of CBDR+RC. Commit-
ments from China, Russia, and Brazil are also clearly
incompatiblewith the agreed 2 °Cwarming limit.

Nevertheless, despite the inadequacy of the 2 °C
warming limit as a safe ‘guardrail’ against climate chan-
ge’s adverse effects (UNFCCC 2015b) and the defi-
ciency of G7 parties’ commitments in relation to that
goal, the G7 agreement should be seen as a major step
forward. Achieving global decarbonization over the
course of this century is essential to halting warming
and is a necessary step to achieve the Paris Agreement’s
ambition of achieving ‘a balance between anthro-
pogenic emissions by sources and removals by sinks of
GHGs in the second half of the century, on
the basis of equity’. The global decarbonization decided
in Elmau, and in particular the decarbonization of
developed countries, is to occur well ahead of the
net-zero GHG target of the Paris Agreement. Therefore
the Elmau agreement, understood as full decarboniza-
tion of the world economy and transformation of the
energy sector, could be the crystallizing focal point that
galvanizes joint mitigation action towards the Paris
Agreement’s goals and averts the most unfair solution
of all: unmitigated climate change.
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