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Promising climate progress fromnet-zero
ambitions to the Paris Agreement goal
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Climate targets require strong commitments from countries to be achieved.
Using a multi-model analysis, we show that current net-zero pledges bring
the world closer to a well-below 2 °C pathway, but an emission gap remains.
Increasing ambition will be crucial: expanding the global coverage of
net-zero pledges and speeding up action increases consistency with the
Paris Agreement (1.5-2.0 °C range in model mean). However, reaching the
1.5 °C goal without overshoot seems increasingly unlikely. While net-zero
pledges help reduce carbon-intensive energy sources, domestic policies
aligned with strong climate commitments are needed to reduce the reliance
on fossil fuels and increase renewable energy capacity. Our scenarios show
that emission reductions are driven by gains in energy efficiency, astrong
phase-down of coal use and the electrification of sectors such as transport
and heavy industry.

The Paris Agreement aims to limit the increase of global mean tem-
perature to well below 2 °C, and to pursue efforts to stay below 1.5 °C.
The agreement requires that countries regularly formulate climate
action plans through Nationally Determined Contributions (NDCs),
outlining their emission targets and policy actions. Assessments of
the GHG emissions gap have been conducted for over a decade, with
the first United Nations (UN) Environment Programme Emissions
Gap Report dating back to 2010". So far, multiple studies have shown
that, when put together, the NDCs fall short of achieving the Paris

Agreement goal>'°. However, since the 26th UN Climate Change Con-
ference of the Parties (COP), which took place in Glasgow in 2021, many
countries have also set long-term goals—notably, net-zero emissions
pledges—including major emitters such as China, India, Braziland the
European Union (EU) (a full list of net-zero pledges can be found in
Supplementary Table 3). These pledges have been evaluated instudies
that do not use integrated assessment models (IAMs)®'° and in stud-
ies focusing on a single model”"""2, Nevertheless, up-to-date, robust
multi-model assessments of the effectiveness of these ambitions”
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Table 1| Description of scenarios (including action after 2030)

Scenario description

Incremental changes between scenarios

Current policies

Current policies are defined as currently implemented policies adopted by governments
(through legislation) or non-binding targets backed by effective policy instruments.
Ambitions and pledges (for example, NDCs and net-zero pledges) are not considered
current policies and are, therefore, not included in this scenario. After 2030, the
ambition levels remain at least constant until 2100. The cut-off for policy inclusion is
January 2023, based on the Climate Policy Database®® and the Climate Policy Modelling
Protocol (CPMP)®'.

NDCs The NDCs scenario builds on the current policies scenario and assumes the achievement  In addition to currently implemented policies,
of the NDCs, unconditional and conditional, in 2030. The ambition levels reached in countries’ NDC pledges are also taken into
the target year remain at least constant throughout the rest of the century. Further account when constructing the emissions
information can be found in the CPMP*' and Supplementary Information. pathways.

LTS The LTS scenario builds on the NDCs scenario, following the NDC pledges until 2030. After 2030, countries that have pledged net-zero
After 2030, the scenario assumes the implementation of all announced net-zero emissions reach their goal in their respective
targets (countries that do not yet have a net-zero target keep the ambition levels of their ~ net-zero years.

NDC). Gas coverage follows specification provided by the countries (for example, if a
country set their target in terms of CO, emissions or GHG emissions), as detailed in the
Supplementary Information.
Expanded LTS The expanded LTS scenario assumes the implementation of all announced net-zero Countries can be more ambitious than their NDCs

targets and expands net-zero coverage to all countries. Countries can overachieve their
2030 NDC target (mitigation efforts surpass NDC targets) if this is cost-effective for
reaching the long-term neutrality target. For expanding the net-zero coverage, countries

(overachieving their 2030 targets), and net-zero
emissions targets are assigned to all countries.

that have not currently established a net-zero strategy assume a net-zero target year
based on the net-zero target year of countries with a similar income level.

Accelerated LTS

The accelerated LTS scenario builds on the expanded LTS scenario, but net-zero years
should be reached 5-10 years earlier than the official pledges. For example, the EU’s

Countries reach net-zero emissions 5-10 years
earlier than in expanded LTS.

net-zero GHG pledge should be reached in 2040 rather than 2050.

All scenarios are based on socioeconomic assumptions from middle-of-the-road Shared Socioeconomic Pathway 2°2.

and of ways to further strengthen them are scarce but necessary'™. In
this study, we perform a multi-model intercomparison exercise using
eight state-of-the-art IAMs (COFFEE, GCAM, GEM-E3, IMAGE, MES-
SAGEix, POLES, REMIND and WITCH") to explore the consistency of
the announced net-zero targets with the Paris Agreement, as well as
opportunities to strengthen them. We contribute to the literature by
exploring the effectiveness of these ambitions in a systematic way,
using arange of different modelling approaches (from cost optimiza-
tion to recursive-dynamic simulation to general equilibrium models).
These models allow us to compare net-zero targets and their consist-
ency with global pathways limiting global temperatureto1.5°Cor2 °C
warming levels. Thus, we provide insight into the benefits of expanding
net-zero coverage worldwide and accelerating action (earlier mitiga-
tion), identifying effective mitigation options (lookinginto sectors and
regions) and the overall costs of mitigation. Furthermore, we explore
theimplementation of net-zero targetsin light of the outcomes of the
first global stocktake', also known as the ‘UAE Consensus’, which was
concluded in 2023 during the 28th UN Climate Change COP in Dubai.

We present the following five scenarios (Table 1), ranging from the
current policy landscape to more ambitious climate action: (1) acurrent
policies scenario, (2) a2030 NDCs scenario, (3) along-term strategies
(LTS) scenario, (4) an expanded LTS scenario and (5) anaccelerated LTS
scenario. A full description of the scenarios is provided in Methods and
Supplementary Information.

Climate policy implications for global emission
pathways

For GHG emissions, both the mean and the spread of the models are
presented in Fig. 1. Supplementary Information includes an over-
view of each model’s characteristics (Extended Data Table 1) and
policy stringency (Extended Data Fig. 1). The results for the current
policies scenario show that current policies worldwide are expected
to more-or-less stabilize GHG emissions, leading to an increase in
the global mean temperature of between 2.6 °C and 3.4 °C by 2100
(modelrange, 50th percentile). Thus, our results corroborate earlier
findings">*'1%1*1>7 demonstrating that current policies are not yet in

line with the NDCs or LTS scenarios, and emphasizing a clear imple-
mentation gap. The 2030 NDCs scenario shows that, if more ambi-
tious policies are notimplemented after 2030, GHG emissions at the
global scale slightly decrease but remain far from reaching net-zero.
This scenario would lead to a warming in the range of 2.3-2.8 °C by
the end of century.

The LTS scenarioindicatesthat, ifexpressed net-zero pledges are
implemented, considerably more emission reductions canbe achieved.
The LTS scenarioleads to GHG emissions of around 15-20 GtCO,e after
2050 (and warmingin the range of 1.8-2.1 °Cby 2100). However, there
is still an ambition gap in meeting the long-term global climate goals
and pursuing efforts to stay below 1.5 °C. Expanding the coverage of
net-zero pledges to all countries worldwide (expanded LTS) leads to
analignment with the well-below 2 °C target, with a global mean tem-
perature increase in the range of 1.4-1.8 °C by 2100. Still, even in this
scenarioitis very unlikely that wereach al.5 °C pathway without over-
shoot. Furthermore, accelerating the action to reach net-zero earlier
(accelerated LTS) drives steeper emission reductions in the shortand
mid-term (between now and 2060), leading to an end-of-century global
mean temperature increase of 1.4-1.7 °C by 2100. Emission reductions
inthe shorter term (2030-2040) resulting from early mitigation efforts
are mostly driven by gains in energy efficiency and a faster transition
away from coal. More specifically, higher fossil fuel prices (due toacar-
bon price) force ashift towards less carbon-intensive energy carriers:
the electricity mix shifts towards greater production from renewable
sources, while fossil-fuel-based electricity production declines, and
the percentage of electric vehicles in transport increases, as does the
amountof electrificationin heavy industry, specifically inironand steel
production. Additionally, higher energy prices push a shift towards
higher energy and service efficiency, thus reducing energy demand.

Strengthening climate policy and accelerating
climate action

Intotal, 159 countries (accounting for over 50% of global methane emis-
sions) signed the Global Methane Pledge, agreeing to work together to
reduce global methane emissions by 30% (from 2020 levels) by 2030
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Fig. 1| Global emission pathways. Global emission pathways under different
policy scenarios. Ribbons represent model spread, lines represent model means
and temperature ranges indicate change in mean global surface temperature

per scenario, with 50% probability. Yellow bar at 2030 indicates the range of
GHG emissionsin the NDCs scenario, derived from how different models project
emission reductions related to the NDCs in2030.

(https://www.globalmethanepledge.org/). More recently, based on the
outcomes of therecent global stocktake, this ambition was revised, with
countries agreeing to commit to “tripling renewable energy capacity
globally and doubling the global average annual rate of energy effi-
ciency improvements by 2030” (in terms of reductionin energy inten-
sity—that is, the amount of energy required to produce a unit of gross
domestic product’®), and “to transitioning away from fossil fuels in
energy systems, in ajust, orderly and equitable manner, accelerating
actioninthis critical decade, so as to achieve net-zero by 2050 in keep-
ingwith the science™®. These goals are not directly implemented in our
scenarios (for example, we do not ask the models to triple global renew-
able energy capacity by 2030)—rather, we check if current policies and
pledges put forward by countries either domestically (national poli-
cies) orinthe context of climate negotiations (for example, NDCs and
net-zero pledges) lead to (or are on the path towards) reaching them.

As expected, the more ambitious the scenario, the closer it is
to reaching the methane and renewable energy goals (Fig. 2). Cur-
rent policies, NDCs and LTS scenarios show insufficient reductionsin
methane emissions. Current climate policies and pledges heavily rely
on CO, mitigation. While CO, mitigation has strong synergies with
energy-related methane emissions (which accounts for approximately
one third of total methane emissions), direct mitigation is crucial for
effectively reducing methane emissions”. Furthermore, modelling of
non-CO,abatement remains limited, particularly due to constraintsin
the construction of marginal abatement cost curves®. Nonetheless,
both expanded and accelerated LTS scenarios are found to be poten-
tiallyinline with, and considerably closer to, the Global Methane Pledge
target (Fig. 2a), suggesting that models account, to some extent, for
readily available methane abatement options.

For the expansion of renewable energy capacity (Fig. 2b), most
of the scenarios do not reach the tripling goals by 2030 (compared
to 3,655 GW in 2023)?, despite the fast growth of renewables in all
scenarios. Key factors holding back the scaling up of renewablesin the
shorter terminclude the feasibility of moving away from fossils, which
candelay their phase-out, capacity factors and constraintsin the power
system that determine how fast technologies can be ramped up and
their penetrationrates (especially forintermittent sources such as solar
andwind), technology costs, different assumptions on electrification
of end uses, with some models more optimistic than others, and dif-
ficultiesin dealing with stranded assets. This highlights theimportance
of early interventions, which, in this study, were operationalized by
anticipating the net-zero commitments of countries. Furthermore, it
indicates the need for dedicated interventions, with concrete underly-
ing policies to drive system transformation.

Trendsinrenewable energy capacity, however, do not fully cap-
ture the potential of the transition and the strong contribution renew-
able energy sources have in the scenarios. A comparison of scenario
development up to 2050 (Fig. 2¢) displays the proportion of fossil
fuels and renewable energy for each scenario. Our results show a
substantial expansion of renewables and reduction of fossil fuels,
abated or unabated, in their share of primary energy. In the shorter
term, current pledges do not exhibit large differences when compared
to existing policies (60-80% fossil fuels, 20-40% renewables), while
the more ambitious LTS scenarios show considerable changesin the
energy mix towards renewable energy (20-50% fossil fuels, 45-80%
renewables). REMIND exhibits more optimistic outputs in terms of
renewable energy, reaching a share of over 76% of global primary
energy in 2050 for both expanded and accelerated LTS, which, as
0f 2023, was around 30% of global electricity generation?. Other
studies show even higher shares of renewables**>, especially for
scenarios explicitly aimed at achieving such targets. While different
models have different fingerprints®*—that is, technological prefer-
ences—they all project alarge expansion of renewable energy under
climate policy scenarios®, and the high end of the range of renewable
energy shares in our scenarios illustrates how competitive these
sources have become.

By the mid-twenty-first century, unabated fossil fuels are reduced
from around 80% (MESSAGEix, IMAGE, COFFEE and POLES), estimated
inthe current policies scenarioto drop below 40%in 2050 when current
net-zero pledges are accounted for, and to under 20% with acceler-
ated climate action. Models that favour the deployment of renewa-
bles due to decreasing costs of technology tend to achieve steeper
reductions in fossil fuel use (for example, REMIND and POLES), while
IMAGE shows a delay in dealing with stranded assets (restrictions
to early retirement), due to its recursive-dynamic nature. Unabated
coal is phased out by nearly all models by the end of the twenty-first
century, except for GCAM and GEM-E3, with a substantial reduction by
2050 for the expanded and accelerated LTS scenarios. The remaining
unabated fossil sources are split between oil and gas, mostly directed
to the hard-to-abate sectors. GCAM, GEM-E3 and IMAGE show higher
deployments of gaswith carbon capture and storage, while MESSAGEix
and WITCH prefer unabated natural gas. The inclusion of bioenergy
in the renewable mix, and to what extent bioenergy is coupled with
carbon capture and storage, varies per model and region. In 2050,
MESSAGEix and REMIND exhibit the lowest employment of bioenergy
(70-108 EJ), while the other models range between 158 EJ (POLES) and
250 EJ (GCAM) in the accelerated LTS scenario. These numbers show
asubstantial increase compared to current bioenergy supply (55 EJ in
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Fig. 2| Methane emissions, renewable energy capacity and fossil fuel phase
down. Performance of the climate policy scenarios. a, Global methane emissions
in 2030 and the Global Methane Pledge™®. b, Global renewable capacity in

2030 and tripling renewable capacity for electricity generation®. ¢, Share of
renewables and fossil fuels in the primary energy mix in 2050, and the phasing

down or out of fossil fuels. Renewables include biomass, with and without carbon
capture and storage. Centre line of the box plots represents the median, box
limits represent the upper and lower quartiles, and points represent the models
(n=8).

2022)% and to the International Energy Agency’s net-zero emissions
scenario® (100 EJ in 2050). Solar and wind have high agreementacross
models, expanding considerably by 2050. MESSAGEix, REMIND and
WITCH exhibit the highest numbers for solar (3,264-5,292 GW), and
GCAM, POLES and REMIND have the highest for wind (2,218-3,517 GW),
in both the expanded and accelerated LTS scenarios. Nuclear is an
important option for GCAM (8.5% and 9.0% of the energy mix in 2050
for expanded and accelerated LTS, respectively), POLES (9.0% of the
energy mixin2050 for expanded and accelerated LTS) and MESSAGEix
(7.3% of the energy mix in 2050 for accelerated LTS). A detailed break-
down of global primary energy consumption for the years 2020, 2030,
2050 and 2100, and the role of different energy carriers, is presented
inSupplementary Figs. 3 and 4.

Electrification plays asubstantial rolein decarbonizing the energy
system. For most models in the accelerated LTS scenario, the share of
electricity strongly picks upin2040, accounting for more than 50% of
final energy use by 2050 (Fig. 3). This outcome is mostly driven by the
transport and building sectors. The more stringent the climate target,
the more substantial the transitions towards electrification of the pas-
senger fleet and the switch away from conventional fuels for heating,
considerably reducing emissions.

From the global picture to regional strategies

While stabilizing global mean temperature increaseisacollective effort,
emission-reduction actions occur at the local and/or regional scale.
In this study, we explore ten different global regions: the EU; Eastern
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Europe (including Russia); Japan, Korea and Oceania; East Asia (includ-
ing China); South Asia (including India); Southeast Asia; the Middle
East; North America; Latin America; and Sub-Saharan Africa.

Under current policies, most regions stabilize their GHG emis-
sions (Fig.4). Notable exceptions are regions with high economic and
population growth—that is, South Asia, Sub-Saharan Africa and the
Middle East—which continue to increase their emissions. In East Asia,
emissions are projected to peakin 2030 and are already showing sub-
stantial reductions: 16.3% for current policies, 24.1% for NDCs, 74.2%
forLTS, 81.6% for expanded LTS and 84.2% for accelerated LTS in 2050,
relative to current emission levels. Moving towards more stringent
scenarios, the results show high-income regions to reach net-zero
earlier, driven by sharp emission reductions before 2050. Low- and
middle-incomeregions show different behaviours, withsome regions
reaching net-zero later in the century (East Asia and Latin America),
while others strongly reduce emissions but remain positive emitters
(South Asia, Southeast Asiaand Sub-Saharan Africa). The mainreason
for this is that most of the individual countries in these regions have
either pledged net-zero after 2050 or do not yet have a net-zero target.
Moreover, early declines in emissions in these regions strongly rely on
international support.

Countries and regions are inherently diverse, resultingin diverse
strategies towards reaching their emission-reduction targets. The
key driver for emission reductions in the LTS scenario is the phasing
down or out of fossil fuels, especially coal. Fossil sources such as coal
and oil are mostly substituted by renewable sources (solar, wind or
biomass) (Fig. 5). This has a substantial impact on emissions from
developing regions like China (in East Asia) and India (in South Asia),
and on global emissionsin general. Gas remains animportant energy
source in Europe and the Middle East (being partly deployed with
carbon capture and storage), but around the mid-twenty-first century
both regions show an increase in renewables coming from non-bio
renewables. Countries in Asia and Oceania have higher deployment
rates of non-bio renewables under the current policiesand NDCs sce-
narios, but shift towards more bioenergy once net-zero pledges come
into effect, given the possibility of carbon dioxide removal. Bioenergy
with carbon capture and storage mostly replaces fossil sources in the
power (coal) and transport sectors (oil and gas products). Its employ-
ment is region specific, playing a bigger role in the energy systemin
Sub-Saharan Africa (cooking and heating), the EU, North Americaand
Latin America (liquid biofuels). Interestingly, in East Asia, accelerat-
ing climate actionreduces the employment of bioenergy with carbon
capture and storage, shifting emission reductions to other sectors,
particularly industry.

Suchatransitioninthe energy systemalso has economicimpacts.
While NDC ambitions have only modest effects on gross domestic
product (compared to current policies), the LTS scenario results in
larger differences both globally (3-10% losses by 2100) and regionally,
particularly for fossil fuel exporters (Supplementary Figs. 7 and 8).

International cooperationis key for closing
thegap

Thereisaclear gap between the implementation of climate policiesand
pledges and the goals of the Paris Agreement. Current policies do not
yet align with the NDC pathways or long-term strategies, resulting in
implementationgapsinthe nearterm (2030) and the mid-tolongterm
(mid-twenty-first century to second half of the century). This means
thatif more ambitious policies are notimplemented after 2030, emis-
sions would at best stabilize at the global scale, resulting in warming
well above the Paris Agreement goal. Moreover, while the announced
long-term strategies are a substantial step forward compared to the
2030 NDCs, witha potential for 25-40 GtCO,e of emission reductions
in 2050, relative to current emission levels, they alone do not lead to
emission pathways fully compatible with the Paris Agreement.

Our work provides robust evidence from a multi-model analysis
that moving towards Paris-aligned pathways requires arapid expansion
of renewables and a shift away from fossil fuels. Our analysis relies on
IAM studies that capture a broad range of intersectoral linkages. As
such, our intention is not to predict the future or provide definitive
answers, but rather explore the effects of different policy assump-
tions on a range of interacting systems. In our scenarios, most of the
observed emission reductions are driven by gainsin energy efficiency,
the strong phase down of coal use, the substitution of fossil fuels with
renewable sources and the electrification of transport and heavy indus-
try. Such transformation of the current system requires dedicated
policies, as our study shows that theimplementation of current pledges
implies considerableimprovement but still falls short of achieving the
goal of tripling renewable energy capacity and phasing out fossil fuels.
This outcome echoes findings from the International Energy Agency®,
andits call for countries to translate such goals into domestic policies,
including strong energy efficiency policies and fossil fuel transition pol-
icies (for example, the phasing out of inefficient fossil fuel subsidies).
Inthis context, and given the current geopolitical uncertainty related
to the adoption and implementation of climate policies, achieving a
well-below 2 °C pathway becomes increasingly challenging. Nonethe-
less, the substantial emission reductions achievedin the expanded LTS
scenario highlight theimportance of long-term commitments fromall
countries to keep the Paris Agreement within reach.
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Sectoral transformations under higher mitigation scenarios are
closely related to regional specificities, and reduction potentials within
these sectors and regions. In our scenarios, emissions in China (East
Asia) are expected to peak by 2030, with steep reductions needed
thereafter to reach its LTS target, most of which could come from
phasing down coal in the electricity sector and increasing electrifi-
cation in heavy industry. Developing regions such as Latin America,
Southeast Asia, South Asia and Sub-Saharan Africa show lower rates of
emission reductions between 2030 and 2050, with Latin America and
Indonesia potentially contributing around a 45% reduction in global
land-use-related emissions through strong commitments to reducing
illegal deforestation. Finally, developed or wealthier regions need to
strongly cut emissions in the short term, reaching net-zero around
mid-century. Exploring the potential of sectoral transformation is
challenging both from a technological perspective (given the limita-
tionsinterms of material use and storage requirements to manage the
intermittency of renewable energy sources) and from an economic
perspective, which heavily depends on international cooperation,
including the use of market mechanisms, as well as finance, technol-
ogy transfers and capacity building. While high shares of renewable
energy are achievable, their emergenceis not guaranteed, as political
choices continue to play arole, particularly infossil-resource-holding
countries. Navigating national priorities towards effective coopera-
tion is crucial to collectively achieving the global climate goal. Our
work explores the implications of a more ambitious international
setting for reaching net-zero emissions. Further work should include
examining climate policy scenarios through the lens of effort-sharing,
incorporating equity and justice considerations into how mitigation
efforts are divided across countries, and how financial transfers can
help in enabling the transition.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code
availability areavailable at https://doi.org/10.1038/s41558-026-02615-y.
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Methods

This multi-model intercomparison study utilizes the following set of
global IAMs: IMAGE, COFFEE, REMIND, WITCH, POLES, MESSAGEiXx,
GCAM and GEM-E3. Brief model descriptions can be found in Sup-
plementary Information, and in-depth model documentation can be
foundinref.15.

Scenario framework
Following a common modelling protocol, global models implement
the scenarios as described below.

The current policies scenario defines current policies as those
adopted by governments (through legislation) or non-binding targets
backed by effective policy instruments. Ambitions and pledges are not
considered current policies and, therefore, are not included in this sce-
nario. The cut-off date for current policiesincluded in this study isJanuary
2023. After 2030, the ambition levels remain at least constant throughout
therest of the timeframe. To keep ambition levels after 2030, the follow-
ing extension method was used: the equivalent carbon pricein2030 was
extrapolated to 2100, using the gross domestic product growth rate of the
different model regions, following ref. 12. This equivalent carbon price
representsthe carbonvalue that would yield the same marginal emission
reductionsasthe current policiesinaregion.Ifaregionhasazero-carbon
price whileimplementing the current policiesin 2030, aminimum carbon
price of US$1pertCO,in2030isassumed. This representsacontinuation
of policies (with equivalent effort) in the future.

The NDCs scenario aims to represent the goals of the NDCs (for
this study, as of January 2023). Global modelling teams implemented a
set of NDCs for selected countries or regions. For acomprehensive set
of quantified NDC targets, see the CPMP* and Supplementary Table 3.
The ambition levels reached inthe target year remain at least constant
throughout the rest of the century, using the same extension method
as described for the current policies scenario.

For the LTS scenario, we consider the NDC pledges and the
mid-century strategy pledges (net-zero) announced around the 26th
UN Climate Change COP in Glasgow. Global modelling teams consider
allnet-zero pledges, aggregating themto their specific model regions.
The methodology used to define the regional net-zero target year
assumed thatif the countries with net-zero pledges have a share of 50
of total s in the region, the region is set to have a net-zero target year
equaltothe average target year weighted by each countries’ emissions.

The expanded LTS scenario considers the mid-century strategy
pledges (net-zero) announced around the 26th UN Climate Change
COPinGlasgow, and expands their coverage to all countries or regions.
In this scenario, countries can overachieve their 2030 NDC target if
this is cost-effective for reaching the long-term neutrality target. For
countries or regions without an established net-zero strategy, the
assumed net-zero target year is calculated based on aregression that
isafunction of theirincome level.

The accelerated LTS scenario builds on the expanded LTS sce-
narioand anticipates the action (net-zero target year defined for each
region) by 5-10 years, depending on the model’s time steps. We derive
the global temperature increase of each scenario (see ‘Temperature
assessment’) and compare the overall outcomes of the scenarios with
1.5°Cand2 °Cbenchmark scenarios.

Temperature assessment

Probabilistic temperature simulations are performed using the proba-
bilistic MAGICC climate emulator, version 7.5.3**, covering all the most
important GHG emissions and short-lived climate forcers (for a full list,
see Tablelinref.35). The calibration of the modelis the sameas that used
by Working Group Illin the Intergovernmental Panel on Climate Change
Sixth Assessment Report™®. The emissions trajectories of IAM scenarios
arealso processed to enable the highest possible comparability inline
with the Intergovernmental Panel on Climate Change methodology.
Individual emissions species are harmonized to 2015 historical values,

andif anemissions speciesis not reported for ascenario by anlAM, itis
inferred from the CO, energy and industrial emissions pathway of the
scenario (full details and description of the methodology applied here
is described in ref. 35). This approach ensures comparability between
scenarios produced using different models by (1) providing compre-
hensive coverage of climatically relevant emissions species, and (2)
ensuring that future temperature pathways only differ as a result of
differencesin future pathways, not because of different historical emis-
sions accounting, which can result from uncertainties in historical
emissions estimates®*°. A comprehensive assessment of global mean
temperature changes can be found in Supplementary Fig. 2.

Data availability

Theunderlying datais available viaZenodo at https://doi.org/10.5281/
zenodo.10009463 (ref. 37). The CPMP, including all current policies
considered and their respective targets used for this scenario, is pub-
licly available inref. 31. Source data are provided with this paper.

Code availability

The models are documented in the IAM documentation® and several
have been published as open source code, such as REMIND available
viaGitHub at https://github.com/remindmodel/remind (ref. 38), MES-
SAGEix available via GitHub at https://github.com/iiasa/message_ix
(ref.39) and GCAM available via GitHub at https://github.com/JGCRI/
gcam-core/releases (ref. 40).
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Extended DataFig. 1| Carbon pricing Carbon pricing in 2030, 2050 and 2100, for all scenarios. GCAM, COFFEE and POLES did not report carbon pricing. Box plots
centre-line =median; box limits =upper and lower quartiles;n=S5.
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Extended Data Table 1| Main model characteristics Main model characteristics

Model Solution Solution horizon | Spatial Energy technology
concept and method dimension choice/deployment
COFFEE General Intertemporal 18 regions Linear choice
equilibrium optimization (lowest cost)
(closed (foresight)
economy) L
Optimization
GCAM General Recursive 32 regions Logit choice model
equilibrium dynamic
(closed (myopic)
economy)
GEM-E3 General Recursive 46 regions Mostly high
equilibrium dynamic substitutability
(closed (myopic)
economy) L
Optimization
IMAGE Partial Recursive 26 regions Logit choice model
equilibrium dynamic
(price elastic (myopic)
demand) ) )
Simulation
MESSAGEix- General Optimization 11 regions Linear choice
GLOBIOM equilibrium (lowest cost)
(closed
economy)
POLES Partial Recursive 66 regions Logit choice model
equilibrium dynamic
(price elastic (myopic)
demand) . .
Simulation
REMIND General Intertemporal 12 regions Mostly high
equilibrium optimization substitutability
(closed (foresight)
economy) Optimization
WITCH General Intertemporal 17 regions No discrete
equilibrium optimization technology choices
(closed (foresight)
economy) L
Optimization
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