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Abstract: In preparation for the 26th Conference of Parties, countries are offering either updated 

or new emission reduction pledges. These pledges target emission reductions through 2025, 5 

2030, or 2035 and hence, could play a critical role in achieving the Paris Agreement’s longer-

term temperature goals. We find that the updated and new pledges suggest a strengthening of 

ambition through 2030 compared with the 2015 pledges. If countries continue their ambition 

beyond 2030, the probability of exceeding 4°C warming is virtually eliminated and 

the probabilities of limiting temperature change below 2°C and 1.5°C increase to 22% and 0.7% 10 

compared to 8% and 0.7% with 2015 pledges. If countries increase their ambition beyond 2030, 

these probabilities increase to 67% and 18% respectively. Our findings highlight the importance 

of strengthening pledges over time to improve the global temperature risk profile.   

One-Sentence Summary: Updated emissions pledges improve climate outcomes   

 15 

Main Text:  

 

As part of the 2015 Paris Agreement, countries agreed to regularly revisit and enhance their 

national climate strategies and, every five years, to offer new emissions targets in the form of 

nationally determined contributions (NDCs) (1). This year’s 26th Conference of Parties (COP-26) 20 

provides a waypoint in this updating process as countries have been offering enhanced or 

completely new NDCs (2, 3) (henceforth, updated pledges) (4). To date (Sep 30, 2021), 121 

parties covering 52% of global emissions have submitted updated pledges (5). The updated 

pledges in most cases target near term reductions—through 2025, 2030, or 2035 —and hence, 

they could play a critical role in achieving the Paris Agreement’s longer-term goals (1).  This 25 

raises the following question: How much do the new and updated pledges collectively reduce the 

chances of the highest levels of climate change and improve the chances of limiting temperature 

change to well below 2°C above pre-industrial levels?  

 

We answer the above question by calculating probabilistic temperature outcomes over the 21st 30 

century for five emissions scenarios with and without the updated pledges (Figure 1, Table S1). 

Moreover, any assessment of the long-term temperature implications of the updated pledges will 

need to account for changes in our scientific understanding of the climate system including 

uncertainties related to the effect of global emissions on global mean surface temperature 

change. Multiple lines of evidence now suggest a narrower range for climate sensitivity – 35 

defined as the steady-state global temperature increase for a doubling of CO2 – compared to past 

assessments. Notably, new evidence suggests higher likelihoods for climate sensitivity values 
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near the middle part of the range identified in previous literature and lower likelihoods for values 

in the lower and higher parts of the range (6). Furthermore, several recent policy, societal, and 

technological developments could affect future emissions trajectories and hence, temperature 

outcomes. Foremost, 33 countries representing 32% of global emissions have communicated 

official long-term strategies (LTSs) or unofficial long-term objectives that outline emission 5 

reduction strategies through the mid-century (7), and 52 parties representing 54% of global 

emissions have communicated net-zero emissions targets (8). Other developments since 2015 

such as the economic slowdown driven by the COVID-19 pandemic and subsequent recovery 

(9), the enactment of new sectoral policies and regulations across the globe (10), and 

technological advances driving rapidly declining costs of renewable energy, electric vehicles, 10 

and other clean technologies (Table S2), have all affected near-term emission trajectories with 

potential long-term implications.  

 

Our analysis accounts for these recent developments. In doing so, this study provides new and 

updated insights over previous studies that have examined the long-term temperature outcomes 15 

of the original 2015 NDCs (Materials and Methods, S1). We also note that our analysis is 

intentionally designed to facilitate easy comparison with Fawcett et al. (11) – a key study by a 

similar team of authors – that evaluated the long-term probabilistic temperature outcomes of the 

original 2015 pledges using previous versions of the models employed in the present study. 

Comparing with Fawcett et al. allows us to quantify how much of the new insights obtained in 20 

this study can be attributed to improved understanding of climate science versus updated 

emissions trajectories (Table S1). 

 

We find that compared with the 2015 pledges, the updated pledges suggest a strengthening of 

ambition through 2030 and thus provide a stronger near-term foundation to deliver on the long-25 

term goals of the Paris Agreement of reducing the probability of the worst levels of temperature 

change this century and increasing the likelihood of limiting temperature change to well below 

2°C (Figure 1). However, the degree to which the updated pledges improve long-term 

temperature outcomes compared to the 2015 NDCs depends on the level of ambition beyond 

2030. We also find that most of the improvements in probabilistic temperature outcomes can be 30 

attributed to the updated emissions trajectories rather than improved understanding of climate 

uncertainties.   

Emissions Scenarios 

 

We develop our emissions scenarios using the Global Change Analysis Model (GCAM v.5.3) 35 

(Materials and Methods, S2), which provides an internally consistent framework to collectively 

assess the global GHG emissions implications across all emissions sources and sinks, and 
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countries (Figure 1A, Materials and Methods S1). Additionally, our scenarios include the 

impacts of COVID-19 on the economy and latest technological trends, including rapidly 

declining costs of photovoltaic cells, the expansion of electric vehicles, and the availability of 

CO2 removal measures such as bioenergy in conjunction with carbon capture and storage 

(BECCS), afforestation, and direct air capture (DAC) (see Materials and Methods S1).  5 

 

The Reference-No policy, Current policy, and Current policy-Continued ambition scenarios 

serve as counterfactuals against which to compare scenarios with the updated pledges. The 

Reference-No policy assumes no explicit emission mitigation policy through 2100. Compared 

with Fawcett et al., the Reference-No Policy scenario in this study results in lower emissions 10 

throughout the century (Figure S1). This is primarily driven by policy and technological 

developments since 2015 such as reduced coal power investment and rapid cost reductions in 

renewable energy. The Current policy and Current policy-Continued ambition scenarios assume 

that countries implement current sectoral policies and national climate mitigation measures 

through 2030 (5). Examples of these policies include increased deployment of renewable energy, 15 

improved energy efficiency, and additional investment in public transportation. Beyond 2030, 

the Current policy scenario assumes that countries continue to decarbonize their economies at 

the same annual decarbonization rate – defined as the annual rate of improvement in CO2 

emissions per unit of Gross Domestic Product (GDP) - that was required to implement the 

policies between 2015 and 2030.  By contrast, the Current policy-Continued ambition scenario 20 

assumes a minimum decarbonization rate of 2% per year beyond 2030. In other words, this 

scenario assumes that countries continue to decarbonize their economies at the same rate 

required to implement the current policies between 2015 and 2030 or increase to 2% per year if 

the decarbonization rate is below this level.  

 25 

The Updated pledges-Continued ambition and Updated pledges-Increased ambition scenarios 

assume that countries achieve the updated pledges through 2030 as stated. Collectively, the 

updated pledges result in lower CO2 emissions from energy and industry in 2030 by 15% relative 

to the 2015 NDCs (or a 15% increase relative to 2005) suggesting a strengthening of ambition 

since the original 2015 submissions (Fig. S1). Beyond 2030, both scenarios assume that 30 

countries without official UNFCCC LTSs achieve the same level of decarbonization rate as the 

rate between 2015 and 2030 or a minimum rate if their decarbonization rate is below this 

minimum rate. Countries with LTSs and net-zero pledges are assumed to follow their LTSs and 

net-zero pledges till the target year, followed by the path defined by the minimum 

decarbonization rate. The two scenarios differ in their assumptions about the minimum 35 

decarbonization rate: while the Updated pledges-Continued ambition scenario assumes a 2% 

minimum decarbonization rate, the Updated pledges-Increased ambition scenario assumes a 5% 
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rate. The 2% and 5% decarbonization rate assumptions have been used in previous studies and 

are consistent with the average and high rates observed historically (11). We note that our 

emissions scenarios are consistent with most emissions scenarios in the literature (Figure 1). 

However, many scenarios in the literature result in net-negative emissions in the second half of 

the century. By contrast, our scenarios assume that countries reduce emissions at most to net-5 

zero since no country has committed to net-negative emissions so far. 

Temperature Outcomes 

 

We estimate probabilistic temperature outcomes for the above emissions scenarios using a 

simple climate model (MAGICC) in a probabilistic setup that accounts for the latest 10 

understanding of climate uncertainties (12) (Figure 1B). Since emission trajectories in 

the Updated pledges scenarios are lower than the Reference-No Policy and the Current 

policy scenarios, they result in lower probabilities of temperature change exceeding 4°C in 2100 

and higher probabilities of limiting temperature change below 2°C. Under the Updated pledges-

Continued ambition scenario, the probability of global mean surface temperature 15 

changes exceeding 4°C is virtually eliminated (compared to around 10% chance with the 2015 

NDCs) and the probability of limiting temperature change below 2°C is about 34%. By contrast, 

if countries scale up mitigation efforts as in the Updated pledges-Increased ambition scenario, 

not only is the probability of exceeding 4°C virtually eliminated, but the probabilities of limiting 

temperature change below 2°C and 1.5°C increase to 60% and 11% respectively (compared to 20 

31% and 5% with the 2015 pledges). 

The role of improved climate science 

 

We performed additional simulations to understand how much of the updated probabilistic 

temperature outcomes can be attributed to the improved understanding of climate uncertainties 25 

versus updated emissions trajectories. Our additional simulations combine the emissions 

scenarios in this study (based on GCAM 5.3) and those from Fawcett et al. 2015 (based on 

GCAM 4.0) with the versions of MAGICC used in the two studies (MAGICC6 and MAGICC7) 

(Fig. S2, Table S1). Results from the additional simulations suggest that most of the differences 

in probabilistic temperature outcomes below 2°C between Fawcett et al. 2015 and this study can 30 

be attributed to the updated emissions trajectories, which are in turn driven by the updated 

pledges, LTSs, net-zero pledges, and other recent societal, policy, and technological trends. For 

example, under the Increased ambition scenarios, the updated emission trajectories contribute to 

27 percentage points out of a total improvement of about 29 percentage points in the 

probabilities of limiting temperature change to below 2°C with 2 percentage points being 35 



Submitted Manuscript: Confidential 

Template revised February 2021 

 

 

 

6 

 

 

 

 

contributed by improved climate science understanding of the narrowed climate sensitivity 

ranges (Table S3).   

Concluding remarks 

 

Our analysis is based on a single integrated assessment model that is driven by a set of 5 

assumptions about future population, GDP, technological change, and resources. Alternative 

models and assumptions could result in different quantitative results. However, the core 

qualitative insight of this analysis would likely remain unchanged: that if implemented as stated, 

the set of updated pledges offered by nations in the past year would lay a stronger near-term 

foundation for reaching global climate goals, compared to the 2015 pledges. This underscores 10 

that the periodic process for countries to revisit their national climate strategies and offer new 

targets has generated a notable increase in ambition over the past six years – our study suggests  

lower emissions in 2030 with the updated pledges by 15% compared to the 2015 pledges. This 

increase in ambition could spawn even higher ambition in the future: as countries implement the 

updated pledges, the widespread development and deployment of low-carbon technologies, 15 

expansion of policy instruments across all sectors and levels of government, and enhanced 

international cooperation could drive down costs and enable more cost-effective and stronger 

mitigation in the long term (13). Notwithstanding the increase in ambition, implementing these 

newer and enhanced targets will be critical to realizing the long-term climate benefits described 

in this study and that could entail significant political, financial, institutional, social, and 20 

behavioral challenges (14). Surmounting these challenges with policies and measures, and 

successfully achieving the targets would substantially reduce global climate risks, essentially 

avoiding the worst outcomes from climate change and significantly improving the probability of 

limiting global warming to well below 2°C.  

 25 
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Fig. 1. Global CO2 emissions, probabilistic temperature outcomes of the updated pledges, 

and decomposition of probabilistic temperature changes. (A) Global CO2 emissions from 

energy and industry (CO2 emissions from fossil fuel production and utilization and industrial 

processes producing CO2 as a byproduct) for the five emission scenarios based on simulations 

using the Global Change Analysis Model (GCAM). The shaded areas for IPCC SR1.5 pathways 5 

are 15-85 percentile ranges, and faint lines within the ranges IPCC ranges represent the actual 

emissions trajectories that determine the range. The 1.5°C ranges correspond to 1.5°C pathways 

in the IPCC SR1.5 report in the “with no or limited overshoot” category. (B) Likelihoods of 

different levels of increase in global mean surface temperature change through the end of the 

century relative to pre-industrial levels. Temperature outcomes are based on the full suite of 10 

GHG, aerosol, and short-lived species emissions generated by GCAM (see SM). The Illustrative 

50% scenario in (B) corresponds to an emission pathway that achieves a 50% chance of limiting 

2100 warming below 1.5°C.  
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Materials and Methods 

 

S1. Comparison with other studies 

 

Several recent studies (15-17) have also evaluated the temperature implication of the updated 

NDC and net-zero climate pledges. The Climate Scoreboard analysis (17) showed the progress 

that the national plans submitted to the UN climate negotiations till Dec 2019, with no further 

progress post-pledge period, result in expected warming in 2100 of 3.2°C (with a range of 

uncertainty of 1.9 – 4.4°C). This analysis is conducted by the C-ROADS climate policy 

simulator (18). The UNEP Emission Gap report (16) developed least-cost climate change 

mitigation scenarios (e.g., unconditional NDCs, below 2°C, below 1.8°C, and Below 1.5°) based 

on the mitigation pathway assessment of the IPCC Special Report on Global Warming of 1.5°C 

(19). The UNEP Emission Gap report assumes a functional relationship between cumulative 

emissions and 2100 warming (20). The differences between global total GHG emissions from 

those mitigation scenarios (limit global warming to 2°C, 1.8°C or 1.5°C with varying levels of 

likelihood) and the estimated global total GHG emissions of the NDC scenarios (assume full 

implementation of current NDCs) are defined as “emission gaps”. The UNEP Emission Gap 

report suggested that there is a gap of 15(12-19) GtCO2e in 2030 from a full implementation of 

unconditional NDCs (till Dec 2020) to the below-2°C scenario. Another recent analysis, Höhne 

et al. (15), found that a full implementation of current net-zero pledges in addition to NDCs 

could reduce the projected global mean temperature increase to 2.0-2.4°C by 2100, whereas only 

achieving NDCs could lead to a global mean temperature increase of 2.4-2.9°C. Höhne et al. 

(15) used two distinct approaches: Scenario Inference and Scenario Construction. The Scenario 

Inference approach follows the UNEP Emissions Gap Report method, in which the 2100 

warming is calculated based on the functional relationship between global 2030 emissions levels 

and warming in 2100 implied by the UNEP Emissions Gap Report (16). The Scenario 

Construction approach combined emissions pathways by individual countries, estimated by the 

Climate Action Tracker (5), and then used MAGICC6 to evaluate the 2100 warming. Höhne et 

al. (15) also conducted a like-for-like comparison between these two approaches assuming the 

same level of 2030 GHG emissions and concluded that the difference (~0.1°C) could be 

attributed to representation of current pledges and the treatment of net-zero targets.  

Methodologically, our analysis is different from Höhne et al. (15) and the UNEP Emission Gap 

report (16) for at least the following aspects.  

(1) Our analysis incorporated the latest NDCs till Sep 30, 2021, which reflects more recent 

estimation of the emission levels in 2030.  

(2) We utilized an integrated model (GCAM) with internally consistent socioeconomic, 

energy, water, and land assumptions to construct our emissions scenarios covering all 

GHGs, which accounts for numerous multi-sector dynamics (see Section S1).  

(3) We used a newer version of a reduced-complexity climate and carbon cycle model 

(MAGICC7), which includes the updated understanding of climate science (see Section 

S6). 

(4) We have different post-2030 assumptions for our long-term emission trajectory. For 

example, in our Updated pledges-increase ambition scenario, we assumed countries with 

net-zero pledges will linearly reach their net-zero target while countries without net-zero 

pledges will reduce their emission intensity by 5% per year at minimum, which is 



 
 

3 

typically higher than the current decarbonization rate implied by their NDCs. In contrast, 

Höhne et al. (15) assumed “a continued levels of efforts as their NDC moving forward” 

in the Scenario Construction approach and a constant trend without further strengthening 

in the Scenario Inference approaches.  

 

In Table S18, we quantitively compare our 2030 emissions, cumulative emissions, and 2100 

warming with the Climate Scoreboard assessment (17), the UNEP Emission Gap report (16), and 

Höhne et al. (15). Because of the major differences listed above, our estimations in emissions are 

in overall lower than the previous estimations, leading to higher probability of below 2°C in 

2100.  

 

S2. The Global Change Analysis Model (GCAM) 

S1.1 Overview of GCAM v5.3 and key characteristics  

GCAM is a community, open-source model primarily developed to explore fundamental 

questions about the complex coevolution of human and Earth systems, maintained by the Joint 

Global Change Research Institute at the Pacific Northwest National Laboratory. GCAM is an 

integrated assessment model that synergizes the interactions across five systems: economy, 

energy, agriculture and land use, water, and climate. GCAM 5.3 includes 32 geopolitical regions, 

and linked land allocation, water use, and agriculture production across 384 land subregions and 

235 water basins.  

 

GCAM operates in 5-year time-steps from 2015 (final calibration year) to 2100 by 

simultaneously solving for a set of equilibrium prices and quantities of various energy, 

agricultural, water, land use, and emission markets in each period and each region. GCAM is a 

dynamic recursive model, so solutions for each modeling period only depend on the current 

condition (the state of the last modeling period) instead of inter-temporal optimization models. 

As a partial equilibrium model, GCAM’s future service and energy demand are driven by 

exogenous assumptions about population and per capita GDP growth in each geopolitical region.  

 

This study is based on GCAM version 5.3 with some updates (Table S2). Compared with the 

GCAM version 4.0 in Fawcett et al. (11), GCAM 5.3 includes numerous updates reflecting more 

recent base-year calibration, technology advancement, and greenhouse gases (GHGs) abatement 

options. In this analysis, the Model for the Assessment of Greenhouse-Gas Induced Climate 

Change (MAGICC) is used to obtain probabilistic temperature outcomes in 2100. 

 

The following three sections briefly describe key sectors that are related to the present work, 

including the representation of energy systems (S1.2), the representation of agriculture and land-

use systems (S1.3), and the representation of GHG emissions (S1.4). GCAM also includes other 

sectors, such as detailed water supply and demand markets. A complete model documentation is 

available online (https://jgcri.github.io/gcam-doc/). 

 

S1.2 Representation of energy system  

The energy system of GCAM includes detailed representations of resource production, energy 

transformation, distribution, and consumption in end-use sectors. Primary fuel resource 

productions are characterized by exogenous supply curves, which is the availability of energy 

https://jgcri.github.io/gcam-doc/


 
 

4 

production as a function of energy price. Primary resources include depletable resources (fossil 

fuels and uranium) and renewable resources (wind and solar). Energy transformation includes 

electricity generation, refinery, gas processing, and hydrogen production. Final energy 

consumption of electricity, hydrogen, refined liquids, refined gases, coal, and bioenergy occur in 

end-use sectors, including transportation, buildings, and industry.  

 

In GCAM, each energy sector comprises one layer of subsectors, and each subsector contains 

several technologies. Various options compete for their share based on the relative costs and 

preferences (share-weight) calibrated by historical levels at both the subsector and technology 

levels. For example, in the electricity sector, different subsectors first compete for fuel shares 

(coal, gas, biomass, nuclear, hydro, wind, solar, geothermal, and refined liquids). Next, detailed 

generation technologies (gas turbine and gas combine cycle) compete for shares under each fuel 

subsector. Finally, different cooling types (e.g., one-through and recirculating) compete under 

each generation technology. Technology-level competition for market shares is based on the 

following three cost components: energy-input costs (e.g., fuel cost), non-energy-input costs 

(e.g., amortized capital costs and O&M costs), and environmental externalities (e.g., emission 

prices. Each technology also has technology performance parameters, such as efficiency and 

lifetime. The efficiency of technology determines the amount of fuel required to produce each 

unit of output. Technology-specific performance parameters can also affect technology 

penetration. For example, the CO2 removal rate for carbon capture and storage (CCS) 

technologies influence the scale of CCS required to achieve certain CO2 abatement levels. 

GCAM tracks fuel prices throughout the entire supply chain and all modeling periods, 

determined by cumulative supplies, demands, and resource availability.    

 

GCAM energy system has multi-layers of competition in sectors, subsectors, and technologies. 

The cost of a subsector is estimated as the output-weighted average of technology costs. 

Similarly, a sector’s cost is calculated as the output-weighted average of subsector costs. At each 

level, market shares are eventually determined by a logit formulation (21), which primarily relies 

on individual options’ relative costs and avoids the entire market dominated by the single best 

choice. This design represents the decision-making process among competitors when some 

technical and economic characteristics (e.g., local variations in cost profile, simple happenstance, 

and individual preferences) are not observed (22, 23).  

 

S1.3 Representation of agriculture and land-use systems 

The Agriculture and Land Use module in GCAM determines the agricultural demands, 

production of agricultural products, the prices of these agricultural products, land allocation to 

competing endpoints, consumption of fertilizer, water use, and the carbon stocks and flows 

associated with various types of land use. GCAM comprises over 300 land-use regions, 

subdividing each geopolitical region into water basins. For each land-use region, the land is 

further categorized into food, feed, fiber, forestry, bioenergy, and land over for natural 

ecosystems. Agricultural products cover all commodities reported by the Food and Agriculture 

Organization of the United Nations (FAO), aggregating into 16 commodity classes (e.g., corn, 

rice, wheat, sugar crop, etc.). Agricultural demands for food, fiber, and forestry are driven by 

population and economic growth, and commodity prices. Feed demand is driven by the livestock 
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herd size, the share of grain-fed animals, and the feed mix. Commercial bioenergy includes 

primary (solid) biomass and secondary bio-gases and bio-liquids derived from biomass.  

 

Agricultural supply depends on land allocation. Land-use decisions are based on a logit model 

(23) of sharing based on the relative inherent profitability of using land for competing purposes, 

such as various land use purpose (e.g., crops, pasture, and commercial forest) and land cover 

types (e.g., grass, tundra, and non-commercial forest). Several management types (irrigated/high 

fertilizer, irrigated/low fertilizer, rainfed/high fertilizer, and rainfed/low fertilizer) for each crop 

within each subregion are modeled, representing the effect of price-induced intensification. 

Fertilizer costs and water costs can influence the profitability of these management options. 

 

S1.4 Representation of greenhouse gas emissions 

GCAM estimates emissions associated with various technologies and processes. GHG emissions 

in GCAM include CO2, CH4, N2O, HFCs (HFC23, HFC32, HFC125, HFC134a, HFC143a, 

HFC152a, HFC227ea, HFC43, HFC236fa, HFC365mfc, HFC245fa), PFCs (CF4 and C2F6), and 

SF6. CO2 emissions are calculated based on the carbon content of various fuels embedded in 

energy flows. Specifically, historical CO2 emissions are calibrated to the global emissions by 

fuel from the Carbon Dioxide Information Analysis Center (CDIAC) global inventory (24). 

Historical fossil fuel consumption is calibrated to the Internation Energy Agency (IEA) World 

Energy Balances database (25). Average fuel-specific carbon contents are estimated as the ratio 

of the total emissions and total fuel consumption by fuel. Agriculture and land-use change 

emissions (LUC) are calculated using a simple accounting approach (26), which estimates the 

equilibrium change in above and below ground carbon stock for a given land-use change and 

allocates the change in carbon stock over time. Non-CO2 emissions in agriculture and land-use 

sectors depend on the associated activity, emission intensity, and future control measures.  

 

Historical emissions of other GHGs (CH4, N2O, and F-gases) are harmonized with the 2019 EPA 

Global Non-CO2 Greenhouse Gas Emission Projections and Mitigation Potential report (27). 

Historical emissions of short-lived forcing agents (BC and OC) and air pollutants (SO2, NOx, and 

PM2.5) are calibrated to the Community Emissions Data System (CEDS) (28). These historical 

emissions are then used to develop emission factors (emission per energy input or service output 

of a specific technology). Future emissions are estimated as the product of the projected 

economic activity, the corresponding emission factor for a given technology, and emissions 

reductions estimated through marginal abatement cost (MAC) curves. 

 

Non-CO2 emissions can be controlled by changes in activity (e.g., CH4 from resource 

production) or abatement technologies in the case of emission sources without explicit modeling 

of activity (e.g., urban processes). Abatement technologies and abatement levels are 

parameterized by MAC curves (27). MAC curves represent the mitigation cost and 

corresponding emission reductions achievable for each region, species, and available source 

categories over time. MAC curves are mapped directly to GCAM’s technologies by source 

categories. For example, F-gases abatement mainly occurs in industrial processes and cooling 

sectors, such as electronics manufacturing, substitutes for ozone-depleting substances, and 

HCFC-22 production. On the other hand, CH4 mitigation options are available in energy sectors 

such as natural gas production and agriculture sectors, such as cropland management.  
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S3. The Model for the Assessment of Greenhouse-Gas Induced Climate Change (MAGICC) 

The Model for the Assessment of Greenhouse Gas Induced Climate Change (MAGICC) is a 

reduced complexity climate model which has been widely used for emissions scenario 

assessment. It includes a hemispherically-resolved multi-layer upwelling-entrainment-diffusion 

ocean and an atmospheric core based on the energy balance equation. As a result of its inclusion 

of parameterizations of the carbon cycle, non-CO2 greenhouse gas cycles and the relationship 

between aerosol precursor species emissions, and aerosol effective radiative forcing (29, 30), 

alongside a parameterization of the response of permafrost to global heating (31), MAGICC is 

able to represent the entire emissions-global warming cause-effect chain. 

 

Here we use MAGICC in a probabilistic configuration in line with the assessment of Working 

Group 1 of the IPCC’s Sixth Assessment Report (32). The configuration produces projections 

consistent (i.e., within typical rounding precisions of ±5% for central estimates and ±10% for 

ranges) with the assessment the majority of climate metrics examined (see Cross-Chapter Box 

7.1 (33) for full details). In line with other emissions scenario assessments, we run MAGICC in a 

hybrid concentration-emissions driven mode: running MAGICC in a concentration-driven mode 

(using prescribed greenhouse gas concentrations) up until the beginning of the emissions 

scenario and in an emissions-driven mode (using prescribed greenhouse gas emissions) 

thereafter. 

  

S4. Detailed descriptions of emissions scenarios  

This analysis includes five emission scenarios using GCAM, incrementally exploring climate 

implications of countries’ current decarbonization policies, updated Nationally Determined 

Contributions (NDCs), net-zero mitigation pledges. The Reference-No Policy scenario assumes 

no new GHG mitigation policies beyond what is already implemented in the calibration year 

(2015). The Reference-No Policy serves as a baseline for comparison with the other four 

mitigation scenarios. In Reference-No Policy, energy demand and technology advancement 

reflect historical trends in the near term due to inertia in the system and economically driven 

outcomes in the long term. Compared with our previous analysis (11) of 2015 NDC, the 

following important updates are reflected in the Reference-No Policy scenario. First, the effect of 

COVID-19 on the global economy is reflected by incorporating the lasted country-specific 

International Monetary Fund (IMF) GDP growth projections (34). Besides, electric power 

technology assumptions (capital cost, O&M cost, and efficiency) have been updated according to 

the 2019 National Renewable Energy Laboratory (NREL) Annual Technology Baseline (35). 

The updated power generation costs entail more significant capital and O&M cost reductions for 

most technologies, especially solar and wind technologies. Additionally, transportation cost and 

energy intensity assumptions have been updated based on NREL’s Electrification Futures Study 

(36). The Reference-No Policy scenario is essentially a counterfactual scenario rather than a 

forecast or most likely scenarios. 

The Current policy and Current policy-Continued ambition scenarios include real-world action 

from all adopted national policies, based on Climate Action Tracker (CAT)’s estimation released 

in September 2021 (37). Both scenarios focus on the collective effects of these measures 
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reflected as gross GHG emission trajectories incorporated within GCAM through 2030. 

Forecasting emissions under implemented policies reflect country-specific mitigation actions, 

increased use of renewable energy, reduced use of fossil fuel, and expected economic growth or 

tend in activity potentially affected by the COVID-19 pandemic. We collect country-specific 

“current policy” emission trajectories from CAT (37) and aggregate them into GCAM regions 

(Table S4). Given that the CAT emission projections do not always match GCAM’s historical 

emissions, we harmonized the CAT current-policy projections using their growth rate relative to 

CAT’s 2015 estimation applied to GCAM’s 2015 estimation rather than CAT’s absolute values. 

The Current policy and Current policy-Continued ambition scenarios assume different post-2030 

decarbonization rates (annual rate of improvement in CO2 emissions per unit of GDP). In 

particular, the Current policy scenario assumes that countries maintain their decarbonization 

efforts beyond 2030 with the same decarbonization rate implied in their current policies between 

2015 and 2030. The Current policy-Continued ambition scenario assumes that counties continue 

their decarbonization efforts after 2030 (same as Current policy) and applies a 2% minimum 

annual decarbonization rate if a country’s pre-2030 decarbonization rate is below 2%. 

  

The CAT emission projections reflect the COVID-19 related dip in greenhouse gas emissions in 

2020 and the emissions pathways to 2030, accounting for the uncertainty surrounding the 

severity and length of the pandemic. Detailed country-specific methods are documented online 

(37). In general, CAT first updated the current policy projections using the most recent 

projections from the government and latest historical data. Next, the potential impact on 

emission reductions is evaluated using GDP data as proxies. CAT used estimates from the 

OECD single and double hit scenarios and the IMF to provide a range of GDP estimates for 2020 

and 2021(38-40). The GDP growth rates from the pre-COVID policy projects are used to 

complete CAT’s estimates for 2022-2030. Finally, the emissions associated with these GDP 

projections are evaluated using the emissions intensity of the pre-COVID projections.  

  

The Updated pledges-Continued ambition and Updated pledges-Increased ambition scenarios 

illustrate the implication of the updated NDC through 2030. The Earth-Day announcements of 

strengthened near-term climate targets (3) are also considered updated NDCs, which will likely 

become countries’ official submissions before the 2021 United Nations Climate Change 

Conference (COP-26). Both scenarios share the same pre-2030 emission trajectories reflecting 

the updated NDCs but assume different levels of minimal decarbonization rates after 2030, 

following a similar logic in Fawcett et al. (11). After 2030, the Updated pledges-Continued 

ambition scenario assumes that countries follow the same decarbonization rate required to 

achieve their updated NDCs or a 2% per year minimal decarbonization rate. Countries who have 

submitted a Long-Term Strategy (LTS) are assumed to achieve their LTS first, followed by the 

decarbonization trajectory (current level or 2% minimum). The Updated pledges-Increased 

ambition scenario a higher minimum decarbonization rate of 5% beyond 2030, consistent with 

Fawcett et al. (11). In addition, both Updated pledges-Continued ambition and Updated pledges-

Increased ambition scenario assume counties can achieve their communicated net-zero 

mitigation targets, including some ambitious net-zero GHGs or climate neutrality goals. The 

Updated pledges-Increased ambition aims at assessing the climate implication of “optimistic 

climate goals”. 
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S5. Representation of NDCs, LTSs, and net-zero pledges 

This analysis incorporates the latest NDC submissions (2, 5, 41) until September 30, 2021. 

Among the 103 countries included in our analysis, 62 are updated submission of the First NDC 

or new submission of the Second NDC. In GCAM, NDC emission constraints representing 

unconditional targets are estimated similarly as Fawcett et al. (11). Table S5 provides country-

specific modeling assumptions based on the following assumptions. 

 

(1) Our representation includes only ratified (42) and quantifiable NDC commitments, including 

absolute emissions limit, percentage emission reductions from a given reference level, and 

emission intensity targets. Commitments with clearly specified reference emissions (base year, 

emissions limit, or business-as-usual trajectory) are implemented as-is. Countries with 

percentage reduction targets without a specific reference value are assumed to use reference 

values from GCAM’s Reference-No policy scenario. When the estimated target constraint values 

exceed GCAM’s Reference-No policy scenario, these constraints are considered “non-binding”: 

these countries are assumed to follow the Reference-No policy scenario. GHG intensity target 

emissions estimates were applied to non-aggregated regions with values obtained from Climate 

Action Tracker (5, 43), when available, or calculated using GCAM Reference-No policy 

emissions / socio-economic assumptions.   

 

(2) Constraints for countries modeled as individual GCAM regions (e.g., USA, Canada, Japan, 

etc.) are assumed to match their stated commitment. Constraints for aggregated GCAM regions 

(e.g., Africa Northern, Eastern Europe, Southeast Asia, etc.) were calculated as reductions from 

the Reference-No policy emissions. For aggregated GCAM regions, we calculate each country’s 

share of regional emissions based on historical estimates and apply that fraction of the country’s 

percentage reduction from its respective GCAM region’s Reference-No policy emissions.  

 

(3) Our NDC emission constraints in GCAM attempt to quantify the collective effect of a 

country’s commitment on the total GHG emissions. Parties whose commitments included only 

actions/policies or non-GHG targets with no corresponding GHG emissions target are assumed 

to have target year emissions equal to their GCAM Reference-No policy emissions, even if a 

“potential” emissions reduction resulting from those policies or targets could be provided. 

Similarly, parties who offered sector-specific GHG emissions reduction targets without 

attempting to quantify the impact on their overall GHG footprints were assumed to have target 

year emissions equal to their GCAM Reference-No policy emissions. Parties that only 

communicated their NDCs but did not formally ratify them were assumed to have target year 

emissions equaling to their GCAM Reference-No policy emissions.  

 

(4) Many countries included multiple types of commitments in their NDCs, such as economy-

wide emissions reductions backed by sectoral policies or targets. In such cases, only the broadest 

commitment was considered. For example, China’s NDC representation in GCAM is based on 

its commitment to reduce its carbon intensity of GDP by 60-65% relative to 2005, and it does not 

explicitly model its targets for non-fossil energy consumption or increased forest stock.  

 

(5) The current implementation includes CO2 emissions from LUC within most NDC constraints 

unless a country specifically indicated a different scope, such as fossil and industrial CO2 
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emissions only. Similar to Fawcett et al. (11), CO2 emissions from LUC are assumed to be priced 

at 1% of the price of CO2 emissions from energy and industrial systems (44). 

 

(6) We assume NDCs are achieved as stipulated and focus on the climate outcomes of their 

successful implementation. In cases where a country’s 2025 and 2030 emissions based on its 

NDC are lower than GCAM emissions in the Reference-No Policy case in the same year, the 

NDC emissions are assumed to be achieved as stipulated. In cases where a country’s NDC 

emissions are higher than the GCAM emissions in the Reference-No Policy case in the same 

year, emissions are assumed to be equal to the Reference-No Policy scenario. Examining the 

likelihood of individual regions achieving their submitted targets is beyond the scope of the 

current work.  

 

In the five years since the Paris Agreement, an increasing number of countries have 

communicated LTSs and net-zero targets at different stages, such as in law, proposed legislation, 

in policy documents, or under discussion. Table S6 summarizes the official LTSs that are 

included in the Updated Pledges- Continued Ambition and the Updated pledges-Increased 

ambition scenarios. In both scenarios, these regions’ emissions are assumed to meet their NDC 

commitments in 2030 first, then the emissions linearly reduce to the LTS in the targeted year and 

then continue to follow a path defined by the decarbonization rate between 2015 and LTS target 

year (See Tables S7-S11). 

 

The Updated Pledges- Continued Ambition and Updated pledges-Increased ambition scenarios 

also include net-zero pledges (Table S7). We focus on net-zero targets that are already close to 

legislation from major emitters. In the case where a country has an official LTS and a 

communicated net-zero pledge for the same target year, we employ the latter. For example, the 

official LTS of the U.S. is 80% reduction in economy-wide GHG emissions in 2050 relative to 

2005, and the submitted net-zero pledge is to achieve net-zero GHG emissions by 2050. In this 

case, we model the more stringent net-zero pledge for the U.S. In Updated Pledges- Continued 

Ambition and Updated pledges-Increased ambition scenarios, these regions’ emissions are 

assumed to meet their NDC commitments in 2030 first, then the emissions linearly reduce to net-

zero by the targeted years and remain constant afterwards (See Table S8-S12). When countries 

explicitly committed to net-zero CO2 emissions, such as South Korea, only CO2 emissions are 

constrained. When the scope of net-zero targets is somewhat unclear (as in the case of Japan), 

using the terms “carbon neutral” and “net zero GHG emissions” interchangeably, we follow 

Climate Action Tracker’s assessment (15) and assume a net-zero GHG target. For example, 

China announced a “carbon neutrality” goal by 2060, which is assumed as a net-zero GHG 

emission target in our main analysis. Emission and temperature results alternatively assuming 

China’s net-zero target covers CO2 alone is shown in Figure S2. CO2 emissions from LUC are 

treated separately by receiving a 1% of the price of CO2 emission in energy and industrial 

systems.  
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S6. Decarbonization rate assumptions beyond 2030 

 In this analysis, we respectively assume the same two levels of post-2030 minimal 

decarbonization rates (2% and 5%) as Fawcett et al. (11) for the Updated pledges-Continued 

ambition and Updated pledges-Increased ambition scenarios for consistency. In these two 

scenarios, parties are assumed to meet their NDC targets through 2030. Beyond 2030, the 

Updated pledges-Continued ambition assumes that countries continue to reduce their emissions 

with the same annual decarbonization rate required for their NDCs between 2015 and 2030 or 

increase to 2% if the current level is below 2%. Similarly, the Updated pledges-Increased 

ambition scenario assumes a higher minimum decarbonization rate of 5% per year after 2030 if 

there is no net-zero target for this region. As explained in detail in Fawcett et al. (11), the 2% and 

5% minimal decarbonization rate assumptions are derived from the historical record, 

representing a moderate level and a stringent level of post-2030 mitigation, respectively. 

Notably, with the updated NDC commitments, most regions’ current decarbonization rates 

already exceeded 2%. Therefore, the 2% minimum decarbonization rate floor in the Updated 

pledges-Continued ambition scenario adjusts much fewer regions than in Fawcett et al. (11). In 

Updated pledges scenarios, the post-2030 pathways of the largest emitters (e.g., US, China, and 

EU) are mainly driven by their net-zero targets, while most regions’ post-2030 mitigation 

pathways are modified by the 5% minimum decarbonization rate floor (Figure S3, Figure S13-

17). This is different from the assumption in the Climate Action Tracker net-zero scenarios, 

where regions without net-zero targets are assumed to not act beyond their current NDCs (45). 

However, The 2% and 5% decarbonization rate assumptions have been used in previous studies, 

consistent with the average and high rates observed historically (11).  

 

S7. Decomposition of climate outcomes 

To understand how much of the updated probabilistic temperature outcome can be attributed to 

strengthened pledges versus improved understanding of climate science, we construct a scenario 

matrix (Supplementary Tables 

 

Table S1) combining two versions of GCAM scenarios (46, 47) with two versions of MAGICC 

(29, 30). The present analysis uses updated model versions, of GCAM5.3 and MAGICC7, and 

Fawcett et al. (11) used previous versions of GCAM4.0 and MAGICC6. The decomposition 

result is shown in Figure S4 and Table S3. 
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Supplementary Figures 

 

Fig. S1.  

Global CO2 emissions from energy and industry (CO2 emissions from fossil fuel production and 

utilization and industrial processes producing CO2 as a byproduct) for the five emission 

scenarios in the study and three scenarios in Fawcett et al. (11).  
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Fig. S2  

Global CO2 emissions, probabilistic temperature outcomes of the updated pledges, and 

decomposition of probabilistic temperature changes assuming China’s net-zero pledge covers 

CO2 only. All other assumptions are the same as main scenarios in Figure 1 of the main text. 
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Fig. S3  

Global CO2 emission intensity (CO2 emissions from energy and industry per GDP by region) in 

metric ton CO2 per thousand $2020 USD. Regional CO2 emission intensity and decarbonization 

rate are shown in Table S13-17. 
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Fig. S4  

Temperature probabilities of sensitivity scenarios. “New (2021) Scenarios” are emissions 

scenarios produced by the GCAM5.3 (46). Probabilistic temperature results are generated by 

MAGICC7 (30). Probabilistic temperature results were generated by MAGICC6 (29), which was 

adopted in Fawcett et al. (11). “Fawcett Scenarios” are emissions scenarios produced by the 

GCAM4.0 (47) in Fawcett et al. (11). 
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Fig. S5  

Projected warming relative to preindustrial levels for five main scenarios in Figure 1. Black line 

indicates the median estimation of probabilistic temperature outcomes from MAGICC 7 (Section 

S2). Shaded orange and gray areas indicate the ranges of 33-67 percentiles and 10-90 percentiles, 

respectively.  
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Supplementary Tables 

 

Table S1. Scenarios explored in this study. NDC refers to the Nationally Determined 

Contributions. LTS refers to the Long-Term Strategies. Decarbonization rate refers to the annual 

rate of reductions in CO2 emissions per unit of GDP (see Section S3 in Supplementary Material). 

  

Core Scenarios 
  Climate Model Near Term (through 

2030) 

Long-Term (through 2100) 

New (2021) Scenarios1 w/ MAGICC72 

2021 Reference-No Policy MAGICC7  No policy / GCAM 2021 Reference scenario (Ref) 

2021 Reference-Current 

Policy 

MAGICC7 Current Policies / GCAM 2021 Ref 

2021 Reference-Current 

Policy-Continued Ambition 

MAGICC7 Current Policies / 

GCAM 2021 Ref 

Max of 2% or Ref Decarbonization 

Rate 

2021 Updated Pledges-

Continued Ambition 

MAGICC7 Updated NDCs Updated NDC Decarbonization 

Rate/LTS/net-zero pledges/2% min 

2021 Updated Pledges-

Increased Ambition 

MAGICC7 Updated NDCs Updated NDC Decarbonization 

Rate/LTS/net-zero pledges/5% min 

Sensitivity scenarios for Supplemental Materials 
New (2021) Scenarios1 w/ MAGICC63 

2021 Reference-No Policy MAGICC6 No Policy / GCAM 2021 Ref 

2021 Reference-Current 

Policy 

MAGICC6 Current Policies / GCAM 2021 Ref  

2021 Reference-Current 

Policy-Continued Ambition 

MAGICC6 Current Policies / 

GCAM 2021 Ref 

Max of 2% or Ref Decarbonization 

Rate 

2021 Updated Pledges-

Continued Ambition 

MAGICC6 Previous NDCs Updated NDC Decarbonization 

Rate/LTS/net-zero pledges/2% min 

2021 Updated Pledges-

Increased Ambition 

MAGICC6 Updated NDCs Updated NDC Decarbonization 

Rate/LTS/net-zero pledges/5% min 

Fawcett Scenarios4 w/ MAGICC72 

2015 Reference-No Policy MAGICC7 No Policy / GCAM 2015 Ref 

2015 Paris-Continued 

Ambition 

MAGICC7 Previous NDCs Previous NDC Decarbonization 

Rate/LTS/2% min 

2015 Paris-Increased 

Ambition 

MAGICC7 Previous NDCs Previous NDC Decarbonization 

Rate/LTS/5% min 

Fawcett Scenarios4 (11) Replication 

2015 Reference-No Policy MAGICC6 No Policy / GCAM 2015 Ref 

2015 Paris-Continued 

Ambition 

MAGICC6 Previous NDCs Previous NDC Decarbonization 

Rate/LTS/2% min 

2015 Paris-Increased 

Ambition 

MAGICC6 Previous NDCs Previous NDC Decarbonization 

Rate/LTS/5% min 
1 “New (2021) Scenarios” are emissions scenarios produced by the GCAM5.3 (46). 
2 Probabilistic temperature results are generated by MAGICC7 (30).  
3 Probabilistic temperature results generated by MAGICC6 (29), which was adopted in Fawcett 

et al. (11) 
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4 “Fawcett Scenarios” are emissions scenarios produced by the GCAM4.0 (47) in Fawcett et al. 

(11) 
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Table S2. Main updates in the version of GCAM5.3 applied in this analysis compared to the 

GCAM4 applied in Fawcett et al. (11), summarized from GCAM online documentation (46). 

 

Model feature1 Description 

Calibration • Final calibration year has been updated to 2015 for the 

socioeconomics, energy, emissions, agriculture, and water systems. 

Energy • A resource-reserve approach to fossil resource production is included.  
• Electricity technology cost have been updated to the National 

Renewable Energy Laboratory's (NREL) 2019 Annual Technology 

Baseline (ATB) assumptions (35).  
• Transportation cost and performance assumptions have been updated 

to the assumptions from National Renewable Energy Laboratory's 

(NREL) Electrification Futures Study (EFS) (36).  
• Improved representation of regional fossil fuel markets and fossil fuel 

trade.  
• Direct air capture technology has been added (48). 

Emissions • Emission input source has been updated to the Community Emissions 

Data System (28). Non-CO2 GHGs can be further scaled to the 2019 

EPA nonCO2 mitigation report (27).  
• Region-, sector-, species-, and year-specific non-CO2 GHGs marginal 

abatement curves have been incorporated (27). 

Water • Water demands are represented by sector and technology, including 

both water withdrawals and water consumption (49).  
• Water supply and water markets are included. 

Land • Representation of land use regions are switched from climatically 

defined agro-ecological zones into water basin-defined geographic 

land units (49).  
• Land use and land cover history are updated to use outputs from 

Moirai (50). 

Agriculture • Multiple agricultural management practices are included, enables 

intensification (49).  
• Agriculture commodity markets are regionally differentiated.  
• Regional livestock markets have been incorporated using a logit based 

Armington gross trade modeling framework.  
• Improved representation of food demand. 

  



 
 

19 

Table S3. Decomposition of probabilistic temperature changes. The contribution of “Updated 

emission trajectories” is estimated by comparing the 2100 probabilities obtained from emissions 

trajectories in the Updated pledges-Continued ambition/Updated pledges-Increased ambition 

(this study) and the Paris-Continued ambition/Paris-Increased ambition scenarios (Fawcett et 

al.(11)), respectively, both processed by MAGICC6 (Fawcett et al.). The contribution of 

“Updated climate science understanding” is estimated by comparing the 2100 probabilities 

obtained from the emissions trajectory in the Updated pledges-Continued ambition/Updated 

pledges-Increased ambition scenario (this study), respectively, processed by MAGICC7 (this 

study) and MAGICC6 (Fawcett et al.) 

 
Decomposition of temperature probability Likelihood of projected warming until 2100  

Below 1.5°C Below 2°C Above 3°C Above 4°C 

Updated Pledges - Continued ambition 
    

2015 NDC 0.0% 8.0% 41.5% 9.5% 

    Updated emissions trajectory +4.7% +22.3% -30.8% -8.2% 

    Updated climate science understanding -3.2% +4.0% -4.0% -1.3% 

2021 Updated Pledges 1.5% 34.3% 6.7% 0.0% 

Updated Pledges - Increased ambition 
    

2015 NDC 5.0% 31.0% 14.0% 1.0% 

    Updated emissions trajectory +8.2% +27.0% -9.7% -0.5% 

    Updated climate science understanding -2.2% +2.3% -3.3% -0.5% 

2021 Updated Pledges 11.0% 60.3% 1.0% 0.0% 
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Table S4. Climate Action Tracker’s representation of current policies for selective regions. 

Policy projections already incorporate the effect the COVID-19 pandemic (see full description in 

section S3). Details for other countries are documented online (37). 

 
Region Climate Action Tracker assessment 

Argentina The current-policy scenario is based on the projections developed by the National 

University of the Center (UNICEN) (51). The additional policy scenarios are also 

based on a set of UNICEN scenarios that assume full implementation of the 

renewable targets, additional energy efficiency measures and other mitigation 

measures from the sectoral plans.  

Australia The current-policy scenario is based on the weaker and stronger recovery 

scenarios published by the Australian Government (52) which consider a number 

of current policies in addition to differences in economic activity to account for 

the unknown impact of the COVID-19 pandemic.  

Brazil The current-policy scenario is based on the World Energy Outlook 2019 Current 

Policy scenario projections (53), reflecting the energy efficiency national plans 

and the incentives for the uptake of renewables in the energy sector, including 

capacity auctions in the power sector and the ethanol and biodiesel mandates in 

the transport sector. In addition, Climate Action Tracker estimates the impact of 

the new annual national emissions intensity targets of the RenovaBio policy.  

Canada In CAT’s September 2020 assessment, the pre-COVID-19 current policy 

projections from 2019 to 2030 were obtained from the greenhouse gas emission 

projections updated annually by the Government of Canada (54). Climate Action 

Tracker assessed the policies contained in the ‘Reference Case’ under two sets of 

assumptions: slow growth/low emissions and fast growth/high emissions, 

reflecting different assumptions about oil and gas prices and GDP growth rate, 

and displayed the complete range. The latest September 2021 assessment 

indicated a similar level of the pre-COVID estimate in the September 2020 

assessment (55).  

China For energy-related CO2 emissions, Climate Action Tracker created two scenarios 

of energy-related CO2 emissions in China. For the maximum scenario, Climate 

Action Tracker started with the World Energy Outlook (WEO) 2019 Current 

Policies Scenario (53) and adjust it to meet China’s 10% gas in the primary 

energy supply target in 2020 and all following years by replacing coal with gas. 

The scenario also meets China’s 58% cap on coal in the primary energy supply in 

2020 and exceeds the 15% non-fossil component of China’s 2020 pledge; For the 

minimum scenario, Climate Action Tracker also started with the WEO 2019 

Current Policies Scenario but adjust electricity generation to reflect electricity 

generation from renewables projected in the Stated Policies Scenario from the 

China Renewable Energy Outlook 2017 (56). For non-CO2 emissions from 

energy, fugitive emissions, agriculture, industrial processes, and waste, Climate 

Action Tracker applies sector-specific growth rates for non-CO2 emissions from 

ref. (57) to the 2014 values from the Chinese inventory. This source considers 

recent policies implemented since 2015, leading to improved certainty on 

Chinese non-CO2 emissions in 2030.  
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Region Climate Action Tracker assessment 

European Union The current-policy projections for EU incorporate both national levels and the 

collective EU level. The national level representation is based on the “With 

Existing Measures” scenario presented in the EU27+UK’s 4th Biennial Report 

submitted to the UNFCCC in December 2019 (58). The EU level policies are 

derived from the Reference Scenario published by the European Commission in 

July 2021 (59) (European Commission 2021d)  

India For energy sector, the upper end of the current-policy scenario adopts the growth 

rates form the IEA’s stated policies scenario for India’s energy CO2 emission 

(60); the lower end of the estimation utilized the growth rates from CO2 emissions 

projections from India’s Central Electricity Authority (CEA)’s Optimal 

Generation Capacity Mix report for power sector (61) and World Energy Outlook 

2020 for non-power sector CO2 emissions (62). For industry sector, the current-

policy scenario uses the energy demand projections of industry in the World 

Energy Outlook 2020 as a proxy to estimate India’s industry emissions to 2030 

(62). Non-CO2 emissions from Agriculture, Waste, and other sectors are based on 

the US EPA non-CO2 emissions projections until 2030 (27). 

Indonesia Pre-COVID-19 current policy scenarios are based on the reference “Business-as-

usual” scenario from the Asia Pacific Energy Research Centre (APERC) (63) and 

on Indonesia’s 10-year electricity supply plan RUPTL 2019-2028 (64). 

Projections of non-energy and non-CO2 emission projections are derived from the 

Second Biennial Update Report (65).  

Japan Pre-COVID-19 current policy projections are based on the IEA World Energy 

Outlook (WEO) 2019 Current Policies Scenario (53). Climate Action Tracker 

explored “low emission” and “high emission” cases with varying shares of 

renewable and nuclear power generation. In the "low emission" case, Climate 

Action Tracker assumed full nuclear restart and high renewable electricity 

generations (66). In the "high emission" case, Climate Action Tracker assumed 

limited nuclear restart with low capacity factor and a lower share of renewable 

energy (53). In both cases, Climate Action Tracker assumed that the recent 

announcement on the phasing out of old and inefficient coal-fired power plants 

would be fully implemented (67, 68).  The emissions of non-energy CO2, CH4 

and N2O are linearly extrapolated from historical trends.  

Mexico Pre -COVID-19 current policy projections are based on the NDC document and 

the 6th National Communication to the UNFCCC (69, 70). The 6th National 

Communication provides a disaggregation of the reference scenario at the 

sectoral level, as well as the expected mitigation impact of major current policies 

for electricity, transport, and buildings.  

New Zealand Pre -COVID-19 current policy projections are based on the scenario presented on 

the Ministry for the Environment website in April 2021 and harmonized to 

historical emissions (71). The government projections from the Fourth Biennial 

Report include the effects of key quantifiable policies and measures implemented 

prior to 2019, such as the New Zealand Emissions Trading Scheme.  
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Region Climate Action Tracker assessment 

Russian Federation The upper limit of the pre-COVID-19 current trend projections for 2030 is based 

on the “with measures” scenario of Russia’s Fourth Biennial Report (72). The 

lower limit is based on the World Energy Outlook 2019 Current Policy scenario 

projections for CO2 from fuel combustion until 2030 (53), the US EPA non-CO2 

emission projections until 2030 (27) and extrapolation of the historical trend for 

other CO2 emissions.  

South Africa The pre-COVID-19 current policy projections are based on a combination of the 

IEA World Energy Outlook 2019 for CO2 emissions from fuel combustion (53)  

and non-CO2 emissions from the US EPA (27). For CO2 process emissions, 

Climate Action Tracker assumes a direct correlation to emissions from coal-fired 

power plants. The renewable energy capacity assumed to be installed in the 

World Energy Outlook 2019 by 2030 was adjusted to reflect the IRP2019 (73) for 

all technologies such as higher levels of installed renewable capacity.  

South Korea The current-policy projections are based on the BAU scenario from the 7th 

Edition of APEC Energy Demand and Supply Outlook (63) and the US EPA non-

CO2 emission projections until 2030 (27). The average electricity CO2 emission 

factors for fossil fuel-fired power generation displaced by renewables in 2030 per 

fuel type were assumed to be similar to the 2016 levels as reported by IEA (74).  

USA The pre-COVID-19 current policy projection was conducted in three steps. First, 

Climate Action Tracker estimate the baseline for total emissions projections 

under current policies as the aggregation and harmonization of energy-related 

CO2 emissions (75-77), industrial process CO2 (75), and other GHG emissions 

(27). Second, these emissions were aggregated and then harmonized to historical 

data. Third, the quantification of a policy rollbacks (the non-enforcement of the 

SNAP) was incorporated in the baseline projections.  
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Table S5. Representation of NDCs. NDC refers to the Nationally Determined Contributions. BAU refers to the “business-as-usual” 

scenario. Our representation includes countries with ratified, quantifiable, unconditional NDC commitments, including absolute 

emissions limit, percentage emission reductions from a given reference level, and emission intensity targets. Action-based targets for 

individual sectors are not included. Unless otherwise specified, the targets listed below are objectives in 2030. All NDCs are obtained 

from UNFCCC NDC Entry (2) as of Sep 30, 2021.  

 

 
GCAM Region Country/Region Representation of NDCs Source of Historical/BAU 

emissions 

NDC status Latest 

submission  

Africa_Eastern Burundi 3% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC 2018-01-17 

Djibouti 40% reduction in all GHG (excluding LUC) below BAU BAU based on NDC submission First NDC 2016-11-11 

Eritrea 39.2% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC 2018-06-19 

Ethiopia 14% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC (updated 

submission) 

2021-07-23 

Kenya 32% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC (updated 

submission) 

2020-12-28 

Rwanda 16% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC (updated 

submission) 

2020-05-20 

Africa_Northern Algeria 13% reduction in all GHG (including LUC) below BAU  BAU based on GCAM Reference 

scenario 

First NDC 2016-10-20 

Morocco 18.3% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC (updated 

submission) 

2021-06-22 

Tunisia 13% reduction in carbon intensity below 2010  BAU and NDC target emissions 

based on NDC submission  

First NDC 2017-10-02 

Africa_Southern Angola 14% reduction in all GHG (including LUC) below BAU in 

2025 

BAU based on NDC submission First NDC (updated 

submission) 

2021-05-31 

Botswana 15% reduction in all GHG below BAU BAU based on NDC submission First NDC 2016-11-11 

Lesotho 10% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC 2018-06-22 

Malawi 6% reduction in all GHG (including LUC) below BAU in 

2040  

BAU based on NDC submission First NDC (updated 

submission) 

2021-07-30 

Namibia 9% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC (updated 

submission) 

2021-07-30 

Tanzania, United 

Republic of 

30-35% reduction in all GHG (excluding LUC) below 

BAU 

BAU based on NDC submission First NDC (updated 

submission) 

2021-07-30 

Zambia 25% reduction in all GHG (excluding AFOLU) below 

BAU  

BAU based on NDC submission First NDC (updated 

submission) 

2021-07-30 

Africa_Western Benin 3.5% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC 2018-09-09 

Burkina Faso 6.6% reduction in all GHG (including LUC) from BAU  BAU based on NDC submission First NDC 2016-11-11 

Cabo Verde 18% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC (updated 

submission) 

2021-04-02 
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GCAM Region Country/Region Representation of NDCs Source of Historical/BAU 

emissions 

NDC status Latest 

submission  

Chad 18.2% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC 2017-12-01 

Congo 21% reduction in all GHG (excluding LUC) below 2017 Historical emissions based on 

NDC submission 

First NDC (updated 

submission) 

2021-08-02 

Cote dIvoire 28% reduction in all GHG (excluding LUC) below BAU  BAU based on NDC submission First NDC 2016-10-26 

Gabon 50% reduction in all GHG (including LUC) below BAU in 

2025 

BAU based on NDC submission First NDC 2016-02-11 

Gambia 2.6% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission Second NDC 2021-09-12 

Ghana 15% reduction in all GHG (excluding LUC) below BAU  BAU based on NDC submission First NDC 2016-09-21 

Liberia 10% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC (updated 

submission) 

2021-08-04 

Mali Reductions of 31.2 MtCO2e in all GHG (including LUC) 

from BAU  

Emissions reductions from BAU 

based on NDC submission  

First NDC 2016-09-23 

Mauritania 22.3% reduction in all GHG (excluding LUC) below BAU  BAU based on NDC submission First NDC 2017-02-27 

Niger 3.5% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC 2016-09-21 

Nigeria 20% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC (updated 

submission) 

2021-07-30 

Senegal 5% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC 2020-12-29 

Togo 11.14% reduction of all GHG compared to 2010 Historical emissions based on 

NDC submission 

First NDC 2017-06-28 

Argentina Argentina A maximum emissions limit target of 359 MtCO2e net 

GHG emissions 

2030 NDC target based on NDC 

submission 

Second NDC 2020-12-30 

Australia_NZ Australia 26% reduction in all GHG (including LUC) below 2005 Historical emissions based on 

Climate Action Tracker 

First NDC (updated 

submission) 

2020-12-31 

New Zealand 30% reduction in all GHG (including LUC) below 2005  Historical emissions based on 

Climate Action Tracker 

First NDC 2016-05-10 

Brazil Brazil 37% reduction in 2025 and 43% reduction in 2030 in all 

GHG (including LUC) below 2005 

BAU based on NDC submission First NDC (updated 

submission) 

2020-09-12 

Canada Canada 40-45% reduction in all GHG (including LUC) below 

2005  

Historical emissions based on 

NDC submission 

First NDC (updated 

submission) 

2021-07-11 

Central America 

and Caribbean 

Barbados 35% reduction in all GHG (including LUC) below 2008 Historical emissions based on 

NDC submission 

First NDC (updated 

submission) 

2021-07-30 

Costa Rica A maximum emissions limit target of 9.37 MtCO2e net 

GHG emissions 

2030 NDC target based on NDC 

submission 

First NDC (updated 

submission) 

2020-12-29 

Dominican Republic 27% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission First NDC (updated 

submission) 

2020-12-29 

Grenada 40% reduction in all GHG (including LUC) below 2010 Historical emissions based on 

NDC submission 

Second NDC 2020-12-01 

Guatemala 11.2% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission  First NDC 2017-01-25 

Haiti 5% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission  First NDC 2017-07-31 
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GCAM Region Country/Region Representation of NDCs Source of Historical/BAU 

emissions 

NDC status Latest 

submission  

Jamaica 25.4% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission  First NDC (updated 

submission) 

2020-07-01 

Saint Vincent and the 

Grenadines 

22% reduction in all GHG (including LUC) below BAU BAU based on NDC submission  First NDC 2016-06-29 

Trinidad and Tobago 30% reduction in GHG in public transporation sector 

below BAU 

BAU based on NDC submission  First NDC 2018-02-22 

Central Asia Armenia 40% reduction in all GHG (including LUC) below 1990 Historical emissions based on 

NDC submission 

First NDC (updated 

submission) 

2020-05-05 

Azerbaijan 35% reduction in all GHG (including LUC) below 1990 Historical emissions based on 

NDC submission 

First NDC 2017-01-09 

Georgia 35% reduction in all GHG (excluding LUC) below 1990  Historical emissions based on 

NDC submission 

First NDC (updated 

submission) 

2021-05-05 

Kazakhstan 15% reduction in all GHG (including LUC) below 1990  Historical emissions based on 

UNFCCC statistics  

First NDC 2016-12-06 

Kyrgyzstan 11.49% reduction in all GHG (including LUC) below 

BAU 

BAU based on NDC submission  First NDC 2020-02-18 

Mongolia 22.7% reduction in all GHG (excluding LUC) below BAU BAU based on NDC submission  First NDC (updated 

submission) 

2020-10-13 

Tajikistan 15% reduction in all GHG (including LUC) below 1990  Historical emissions based on 

NDC submission 

First NDC 2017-03-22 

China China Peak in CO2 emissions from fossil fuels and industry in 

2030; Lower carbon dioxide emissions per unit of GDP by 

60% to 65% from the 

2005 level 

2030 NDC target based on 

UNFCCC statistics and Climate 

Action Tracker assessment 

First NDC 2016-09-03 

Colombia Colombia 51% reduction in all GHG (including LUC) below BAU BAU based on NDC submission  First NDC (updated 

submission) 

2020-12-30 

EU EU-12, EU-15 55% reduction in all GHG (including LUC) below 1990  Historical emissions based on 

NDC submission 

First NDC (updated 

submission) 

2020-12-18 

Europe_Eastern Belarus 28% reduction in all GHG (excluding LUC) below 1990  BAU based on NDC submission  First NDC 2016-09-21 

Moldova, Republic of 70% reduction in all GHG (including LUC) below 1990  BAU based on NDC submission  First NDC (updated 

submission) 

2020-03-04 

Ukraine 65% reduction in all GHG (including LUC) below 1990  Historical emissions based on 

NDC submission 

First NDC (updated 

submission) 

2021-07-31 

Europe_Non_EU Albania Reduction of 0.708 MtCO2 in CO2 from fossil fuels and 

industry from BAU 

Emissions reductions from BAU 

based on NDC submission  

First NDC 2016-09-21 

Bosnia and 

Herzegovina 

33.2% reduction in all GHG (excluding LUC) below 1990  Historical emissions based on 

NDC submission 

First NDC 2021-04-20 

Montenegro 35% reduction in all GHG (excluding LUC) below 1990  Historical emissions based on 

NDC submission 

First NDC (updated 

submission) 

2021-06-15 

Republic of North 

Macedonia 

51% reduction in all GHG (including LUC) below 1990  Historical emissions based on 

NDC submission 

First NDC (updated 

submission) 

2021-04-16 

Serbia 9.8% reduction in all GHG (including LUC) below 1990  Historical emissions based on 

UNFCCC statistics  

First NDC 2017-07-25 
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GCAM Region Country/Region Representation of NDCs Source of Historical/BAU 

emissions 

NDC status Latest 

submission  

European Free 

Trade Association 

Iceland 55% reduction in all GHG (including LUC) below 1990  Historical emissions based on 

UNFCCC statistics  

First NDC (updated 

submission) 

2021-02-18 

Liechtenstein 40% reduction in all GHG (including LUC) below 1990  Historical emissions based on 

NDC submission 

First NDC 2017-09-20 

Norway 50% reduction in all GHG (including LUC) below 1990  Historical emissions based on 

NDC submission 

First NDC (updated 

submission) 

2020-02-07 

Switzerland 50% reduction in all GHG (excluding LUC) below 1990  Historical emissions based on 

NDC submission 

First NDC (updated 

submission) 

2020-12-09 

India India Reduce the emissions intensity of its GDP by 33-35% by 

2030 from 2005 level 

2030 NDC target based on 

UNFCCC statistics and Climate 

Action Tracker assessment 

First NDC 2016-10-02 

Indonesia Indonesia 29% reduction in all GHG (including LUC) below BAU BAU based on NDC submission  First NDC (updated 

submission) 

2021-07-22 

Japan Japan 46% reduction in all GHG (excluding LUC) below 2013, 

offsets from LULUCF are taken into account separately as 

per previous NDC 

BAU based on NDC submission  2021 Earth-Day 

announcements 

2021-04-22 

Mexico Mexico 22% reduction in all GHG (including LUC) below BAU 2030 NDC target based on NDC 

submission 

First NDC (updated 

submission) 

2020-12-30 

Middle East Israel 27% reduction in all GHG (including LUC) below 2015 2030 NDC target on all GHG 

(including LUC) based on NDC 

submission  

First NDC (updated 

submission) 

2021-07-29 

Jordan 1.5% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission  First NDC 2016-11-04 

Lebanon 20% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission  First NDC (updated 

submission) 

2021-03-16 

Oman 7% reduction in all GHG (including LUC) below BAU BAU based on NDC submission Second NDC 2021-07-29 

Qatar 25% reduction in all GHG (excluding LUC) below BAU  BAU based on GCAM Reference 

scenario 

First NDC (updated 

submission) 

2021-08-24 

United Arab Emirates 23.5% reduction in all GHG (including LUC) below BAU BAU based on NDC submission  Second NDC 2020-12-29 

Russia Russia 25-30% reduction in all GHG (including LUC) below 

1990  

Historical emissions based on 

NDC submission 

First NDC 2020-11-25 

South Africa South Africa Emissions constraint of 420 MtCO2e on all GHG 

(including LUC)  

BAU based on 2000: National 

Communication; NDC emissions 

in 2030 based on the upper bound 

in NDC submission (350-420 

MtCO2e)  

First NDC (updated 

submission) 

2021-09-27 

South 

America_Southern 

Chile A maximum emissions limit target of 95 MtCO2e GHG 

emissions (excluding LUC) 

2030 NDC target based on NDC 

submission and Climate Action 

Tracker assessment 

First NDC (updated 

submission) 

2020-04-09 
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GCAM Region Country/Region Representation of NDCs Source of Historical/BAU 

emissions 

NDC status Latest 

submission  

Ecuador 20.4% reduction in all GHG (excluding LUC) below BAU 

in 2025 

2030 NDC target based on BAU 

projection of GCAM Reference 

and NDC parnership assessment 

First NDC 2019-03-29 

Paraguay 10% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission  First NDC (updated 

submission) 

2021-07-16 

Peru 30% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission  First NDC (updated 

submission) 

2020-12-18 

South Asia Bangladesh 6.73% reduction in all GHG (excluding LUC) below BAU BAU based on NDC submission First NDC (updated 

submission) 

2021-08-26 

Lao Peoples 

Democratic Republic 

60% reduction in all GHG (including LUC) below BAU  BAU based on NDC submission  First NDC (updated 

submission) 

2021-05-11 

Samoa 26% reduction in all GHG (including LUC) below 2007 BAU based on NDC submission  Second NDC 2021-07-30 

Sri Lanka 4% reduction in all GHG (excluding LUC) below BAU in 

the energy sector 

BAU based on GCAM Reference 

scenario and NDC submission 

First NDC (updated 

submission) 

2021-07-30 

South Korea South Korea 24.4% reduction in all GHG (excluding LUC) below 2017 Historical emissions based on 

NDC submission 

First NDC (updated 

submission) 

2020-12-30 

Southeast Asia Brunei Darussalam 20% reduction in all GHG (including LUC) below BAU BAU based on NDC submission  First NDC 2020-12-31 

Cambodia 41.7% reduction in all GHG (including LUC) below BAU BAU based on NDC submission  First NDC (updated 

submission) 

2020-12-31 

Fiji 10% reduction in all GHG (excluding LUC) below BAU BAU based on NDC submission  First NDC (updated 

submission) 

2020-12-31 

Kiribati 12.8% reduction in all GHG (excluding LUC) below BAU  BAU based on NDC submission  First NDC 2016-09-21 

Malaysia 45% reduction in GHG (including LUC) emissions 

intensity of GDP below 2005 

2030 NDC target based on 

ADVANCE 

First NDC (updated 

submission) 

2021-07-30 

Marshall Islands 45% reduction in all GHG (excluding LUC) below 2010 Historical emissions based on 

NDC submission 

Second NDC 2020-12-31 

Philippines 2.71% reduction of cumulative GHG (excluding LUC) 

below BAU between 2020 and 2030 

2030 NDC target based on 

Climate Action Tracker 

assessment 

First NDC 2021-04-15 

Seychelles 26.4% reduction in all CO2, CH4, and HFCs (excluding 

LUC) below BAU  

BAU based on NDC submission  First NDC (updated 

submission) 

2021-07-30 

Singapore A maximum emissions limit target of 65 MtCO2e GHG 

emissions (including LUC) 

2030 NDC target based on NDC 

submission 

First NDC (updated 

submission) 

2020-03-31 

Solomon Islands 14% and 33% reduction in CO2 below 2015 in 2025 and 

2030, respectively 

BAU based on NDC submission  First NDC (updated 

submission) 

2021-07-21 

Thailand 20% reduction in all GHG (excluding LUC) below BAU BAU based on NDC submission  First NDC (updated 

submission) 

2020-10-26 
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GCAM Region Country/Region Representation of NDCs Source of Historical/BAU 

emissions 

NDC status Latest 

submission  

Tuvalu 60% reduction in all GHG (excluding LUC) below 2010 

in 2025 

Historical emissions based on 

NDC submission 

First NDC 2016-04-22 

Viet Nam 7.3% and 9% reduction in all GHG (including LUC) 

below BAU in 2025 and 2030, respectively  

BAU based on NDC submission  First NDC (updated 

submission) 

2020-09-11 

USA USA 50% reduction in all GHG (including LUC) below 2005 Historical emissions based on 

EPA's Inventory of U.S. 

Greenhouse Gas Emissions and 

Sinks 

First NDC (after 

rejoining the Paris 

Agreement) 

2021-04-22 
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Table S6. Representation of Long-term Strategies (LTS) (7, 78). 

 
Country LTS description UNFCCC submission Document 

date 

Canada An emissions abatement pathway consistent with 

net emissions falling by 80% in 2050 from 2005 

levels 

Canada's Mid-century Long-term Low-GHG 

Development Strategy (79) 

2016-11-17 

Costa Rica Net-zero emissions in 2050 National Decarbonization Plan (80) 2019-12-12 

EU Achieve a climate-neutral EU by 2050 Long-term low greenhouse gas emission development 

strategy of the European Union and its Member States 

(81) 

2020-03-06 

Fiji Reach net-zero carbon emissions by 2050 across all 

sectors of its economy 

Fiji's Low Emission Development Strategy 2018-2050 

(82) 

2019-02-25 

Japan Reduction of GHGs emissions by 80% by 2050 The Long-term Strategy under the Paris Agreement (83) 2019-06-26 

Mexico Reduce 50% of national GHGs by 2050 below the 

emissions in 2000 

Mexico’s Climate Change Mid-Century Strategy (84) 2016-11-16 

Norway Achieve emission reductions of 80–95% from the 

level in the reference year 1990 

Norway’s long-term low-emission strategy for 2050 (85) 2020-11-25 

Singapore Halve emissions from its peak to 33 MtCO2e by 

2050 

Charting Singapore's Low Carbon and Climate Resilient 

Future (86) 

2020-03-31 

South 

Korea 

Carbon neutrality by 2050 2050 Carbon Neutral Strategy of the Republic of Korea 

(87) 

2020-12-30 

Switzerland Reduce greenhouse gas emissions to net zero by 

2050 

Switzerland's Long-Term Climate Strategy (88) 2021-01-29 

USA Economy-wide net GHG emissions reductions of 

80 percent or more below 2005 levels by 2050 

United States Mid-Century Strategy for Deep 

Decarbonization (89) 

2016-11-16 
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Table S7. Representation of net-zero pledges for major countries in GCAM (8)  

 
Country Description 

Brazil Net-zero CO2 emission by 2050 (3) 

Canada Net-zero GHG emission by 2050 (90) 

China Net-zero CO2 emission by 2060 (91) 

EU Net-zero GHG emission by 2050 (92) 

Japan Net-zero GHG emission by 2050 (3) 

South Africa Net-zero GHG emission by 2050 (3) 

South Korea Net-zero CO2 emission by 2050 (87) 

USA Net-zero net GHG emission by 2050 (3) 
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Table S8 Regional emissions in the Reference-No policy scenario 

 
 CO2 emissions from fossil fuels and industry Gross GHG Net GHG 
 (MtCO2) (MtCO2) (MtCO2) 

Region 1990 2005 2020 2030 2050 2100 1990 2005 2020 2030 2050 2100 1990 2005 2020 2030 2050 2100 

Africa_Eastern  27 48 106 141 363 2146 197 351 507 667 1251 3946 311 481 657 716 1335 3966 

Africa_Northern  228 385 528 653 920 1351 405 647 781 963 1354 1805 282 688 785 964 1355 1806 

Africa_Southern  37 41 76 112 313 1628 153 201 295 381 711 2317 201 278 538 426 764 2341 

Africa_Western  63 116 176 264 832 4551 322 635 715 956 1924 6636 569 1186 1133 1217 2138 6725 

Argentina  105 155 154 198 214 253 248 351 355 438 492 555 223 505 451 450 503 556 

Australia_NZ  299 422 356 469 497 599 481 603 510 679 746 924 453 623 491 664 759 924 

Brazil  217 358 399 566 580 718 594 886 970 1217 1316 1442 1416 1476 1523 1349 1461 1424 

Canada  438 574 464 576 563 673 572 715 588 732 763 869 862 988 677 759 790 871 

Central America and 

Caribbean  

106 172 208 232 293 503 208 277 340 380 473 693 357 366 346 377 481 694 

Central Asia  571 394 547 627 664 647 796 626 871 1018 1091 1016 793 581 848 996 1089 1013 

China  2685 6960 12437 13683 12567 7405 3782 8573 14969 16595 15332 9145 4935 8643 14894 16568 15261 8982 

Colombia  55 65 79 113 162 289 133 166 195 253 332 469 148 141 213 270 355 467 

EU  4371 4325 2880 3558 3489 3792 5511 5215 3582 4389 4343 4660 5480 5080 3482 4271 4304 4665 

Europe_Eastern  864 408 299 320 324 295 1121 532 444 498 583 600 1120 447 418 472 573 599 

Europe_Non_EU  275 361 516 588 650 702 388 472 657 744 819 873 385 455 646 735 819 872 

European Free Trade 
Association  

77 88 79 70 81 161 103 109 99 91 103 186 113 120 109 91 102 186 

India  597 1233 2634 4080 6283 8210 1075 1844 3362 4984 7547 9686 1260 1993 3405 5027 7582 9673 

Indonesia  155 358 497 769 1119 1383 473 654 786 1153 1587 1751 731 856 1132 1225 1621 1722 

Japan  1143 1274 981 1147 986 709 1242 1350 1057 1232 1063 787 1235 1324 1043 1222 1060 782 

Mexico  298 462 416 527 605 931 408 601 579 729 830 1199 478 656 561 715 838 1200 

Middle East  680 1353 2048 2199 2548 4154 919 1744 2636 2916 3413 5031 690 1494 2602 2904 3409 5033 

Pakistan  65 130 201 256 473 1138 143 248 383 489 821 1641 139 245 386 502 829 1642 

Russia  2470 1657 1205 1734 1671 1839 3632 2538 1877 2726 2794 2665 3929 2562 1808 2625 2759 2660 

South Africa  348 454 415 557 572 549 425 527 499 662 697 672 450 549 469 646 695 673 

South America_Northern  106 161 77 84 112 196 186 250 153 169 212 283 209 247 156 173 227 282 

South America_Southern  83 145 216 266 361 502 241 322 426 502 637 809 389 446 554 537 673 805 

South Asia  27 69 156 229 427 1146 150 204 345 482 765 1632 176 196 343 482 768 1634 

South Korea  266 530 625 705 639 420 312 605 704 795 725 477 311 603 703 794 723 475 

Southeast Asia  439 850 1288 1608 2107 3094 776 1306 1900 2320 2944 3886 1215 1480 2203 2401 3003 3862 

USA  5068 5934 4208 5118 5232 6012 6295 7111 5218 6363 6590 7530 6428 6901 4958 6198 6559 7545 

Global  22164 29481 34270 41449 45650 55996 31293 39662 45802 55523 62256 74187 35289 41612 47533 55775 62836 74079 
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Table S9 Regional emissions in the Current policy scenario. 

 
 CO2 emissions from fossil fuels and industry Gross GHG Net GHG 
 (MtCO2) (MtCO2) (MtCO2) 

Region 1990 2005 2020 2030 2050 2100 1990 2005 2020 2030 2050 2100 1990 2005 2020 2030 2050 2100 

Africa_Eastern  27 48 106 120 249 807 197 351 507 626 1088 2411 311 481 643 718 1137 2427 

Africa_Northern  228 385 528 555 576 309 405 647 781 835 931 587 282 688 781 835 931 589 

Africa_Southern  37 41 76 92 169 592 153 201 295 331 473 1030 201 278 493 263 425 1037 

Africa_Western  63 116 176 204 370 795 322 635 715 837 1248 2059 569 1186 984 646 1185 2130 

Argentina  105 155 154 172 175 114 248 351 355 408 441 384 223 505 444 430 446 381 

Australia_NZ  299 422 356 360 269 98 481 603 510 538 478 317 453 623 484 526 484 314 

Brazil  217 358 399 453 423 243 594 886 970 1057 1091 880 1416 1476 1345 999 1158 823 

Canada  438 574 464 504 406 194 572 715 588 643 578 320 862 988 585 654 521 278 

Central America and 

Caribbean  

106 172 208 215 250 250 208 277 340 358 406 388 357 366 358 351 408 392 

Central Asia  571 394 547 424 269 45 796 626 871 748 606 277 793 581 839 709 595 272 

China  2685 6960 12437 13568 9610 1702 3782 8573 14969 16449 11815 3014 4935 8643 14950 16415 11688 2855 

Colombia  55 65 79 94 104 83 133 166 195 227 263 246 148 141 207 250 281 246 

EU  4371 4325 2880 2494 1557 414 5511 5215 3582 3209 2281 1059 5480 5080 3465 3027 2208 1059 

Europe_Eastern  864 408 299 252 212 88 1121 532 444 394 408 230 1120 447 411 355 386 225 

Europe_Non_EU  275 361 516 546 553 353 388 472 657 698 703 484 385 455 649 685 694 480 

European Free Trade 
Association  

77 88 79 64 51 27 103 109 99 83 70 46 113 120 111 77 66 46 

India  597 1233 2634 4062 6278 8206 1075 1844 3362 4969 7433 9412 1260 1993 3403 4972 7445 9398 

Indonesia  155 358 497 712 930 687 473 654 786 1074 1296 973 731 856 1155 1146 1353 995 

Japan  1143 1274 981 892 576 187 1242 1350 1057 965 637 226 1235 1324 1051 956 637 224 

Mexico  298 462 416 473 512 450 408 601 579 664 712 627 478 656 570 649 722 635 

Middle East  680 1353 2048 1986 2038 1345 919 1744 2636 2623 2679 1775 690 1494 2604 2609 2674 1777 

Pakistan  65 130 201 258 468 1126 143 248 383 492 792 1562 139 245 387 503 800 1563 

Russia  2470 1657 1205 1231 725 133 3632 2538 1877 2008 1504 510 3929 2562 1593 1574 1262 475 

South Africa  348 454 415 374 237 43 425 527 499 465 332 135 450 549 466 440 326 134 

South America_Northern  106 161 77 55 97 196 186 250 153 136 189 280 209 247 154 130 207 281 

South America_Southern  83 145 216 238 274 236 241 322 426 469 533 501 389 446 590 517 562 502 

South Asia  27 69 156 210 347 688 150 204 345 453 646 1099 176 196 347 446 641 1099 

South Korea  266 530 625 669 554 201 312 605 704 755 624 240 311 603 704 752 622 238 

Southeast Asia  439 850 1288 1473 1781 1569 776 1306 1900 2107 2421 2104 1215 1480 2264 2124 2449 2099 

USA  5068 5934 4208 4539 3346 1225 6295 7111 5218 5636 4486 2297 6428 6901 4905 5398 4386 2302 

Global  22164 29481 34270 37289 33406 22405 31293 39662 45802 50257 47166 35475 35289 41612 46939 49157 46699 35274 
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Table S10 Regional emissions in the Current policy-Continued ambition scenario. 

 
 CO2 emissions from fossil fuels and industry Gross GHG Net GHG 
 (MtCO2) (MtCO2) (MtCO2) 

Region 1990 2005 2020 2030 2050 2100 1990 2005 2020 2030 2050 2100 1990 2005 2020 2030 2050 2100 

Africa_Eastern  27 48 106 120 249 807 197 351 507 626 1088 2410 311 481 643 718 1137 2426 

Africa_Northern  228 385 528 554 576 309 405 647 781 835 933 587 282 688 781 835 933 588 

Africa_Southern  37 41 76 92 159 478 153 201 295 331 460 906 201 278 493 263 410 907 

Africa_Western  63 116 176 204 370 795 322 635 715 837 1248 2060 569 1186 984 646 1185 2130 

Argentina  105 155 154 172 175 114 248 351 355 408 441 385 223 505 444 430 447 382 

Australia_NZ  299 422 356 360 269 98 481 603 510 538 478 317 453 623 484 526 484 314 

Brazil  217 358 399 453 423 243 594 886 970 1057 1091 881 1416 1476 1345 998 1163 826 

Canada  438 574 464 504 406 194 572 715 588 643 578 320 862 988 585 654 521 280 

Central America and 

Caribbean  

106 172 208 215 250 250 208 277 340 358 406 387 357 366 358 351 408 391 

Central Asia  571 394 547 424 269 45 796 626 871 748 606 276 793 581 839 709 596 271 

China  2685 6960 12437 13569 9610 1702 3782 8573 14969 16449 11815 3015 4935 8643 14950 16415 11688 2855 

Colombia  55 65 79 94 104 83 133 166 195 227 263 246 148 141 207 250 281 246 

EU  4371 4325 2880 2494 1557 414 5511 5215 3582 3209 2281 1059 5480 5080 3465 3027 2208 1059 

Europe_Eastern  864 408 299 252 212 88 1121 532 444 394 408 227 1120 447 411 355 386 222 

Europe_Non_EU  275 361 516 546 553 353 388 472 657 698 703 484 385 455 649 685 694 480 

European Free Trade 
Association  

77 88 79 64 51 27 103 109 99 83 70 46 113 120 111 77 66 46 

India  597 1233 2634 4063 6118 6633 1075 1844 3362 4969 7241 7906 1260 1993 3403 4972 7254 7891 

Indonesia  155 358 497 712 930 687 473 654 786 1074 1296 972 731 856 1155 1146 1355 994 

Japan  1143 1274 981 892 576 187 1242 1350 1057 965 638 226 1235 1324 1051 956 637 224 

Mexico  298 462 416 473 512 450 408 601 579 664 712 625 478 656 570 649 723 633 

Middle East  680 1353 2048 1986 2038 1345 919 1744 2636 2623 2679 1775 690 1494 2604 2609 2674 1777 

Pakistan  65 130 201 258 468 1126 143 248 383 492 793 1563 139 245 387 503 801 1564 

Russia  2470 1657 1205 1231 725 133 3632 2538 1877 2008 1504 503 3929 2562 1593 1574 1263 470 

South Africa  348 454 415 374 237 43 425 527 499 465 332 135 450 549 466 440 326 134 

South America_Northern  106 161 77 55 63 56 186 250 153 136 150 126 209 247 154 130 153 130 

South America_Southern  83 145 216 238 274 236 241 322 426 469 533 501 389 446 590 517 563 502 

South Asia  27 69 156 210 326 555 150 204 345 453 623 924 176 196 347 446 618 924 

South Korea  266 530 625 669 554 201 312 605 704 755 624 240 311 603 704 752 622 238 

Southeast Asia  439 850 1288 1473 1781 1569 776 1306 1900 2107 2421 2102 1215 1480 2264 2124 2451 2097 

USA  5068 5934 4208 4539 3346 1225 6295 7111 5218 5636 4486 2294 6428 6901 4905 5398 4386 2299 

Global  22164 29481 34270 37289 33183 20446 31293 39662 45802 50257 46903 33496 35289 41612 46939 49157 46430 33299 
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Table S11 Regional emissions in the Updated pledges-Continued ambition scenario. 

  
 CO2 emissions from fossil fuels and industry Gross GHG Net GHG 
 (MtCO2) (MtCO2) (MtCO2) 

Region 1990 2005 2020 2030 2050 2100 1990 2005 2020 2030 2050 2100 1990 2005 2020 2030 2050 2100 

Africa_Eastern  27 48 106 107 193 436 197 351 507 624 1000 2035 311 481 655 673 1036 2058 

Africa_Northern  228 385 528 557 579 311 405 647 781 835 927 611 282 688 785 836 928 612 

Africa_Southern  37 41 76 96 165 497 153 201 295 352 463 924 201 278 531 375 395 937 

Africa_Western  63 116 176 236 428 918 322 635 715 901 1302 2190 569 1186 1127 1084 1248 2277 

Argentina  105 155 154 123 81 18 248 351 355 346 345 323 223 505 448 356 361 324 

Australia_NZ  299 422 356 303 176 34 481 603 510 481 384 305 453 623 489 471 401 303 

Brazil  217 358 399 458 -5 -5 594 886 970 1084 608 629 1416 1476 1468 1175 481 598 

Canada  438 574 464 311 -188 -157 572 715 588 442 -38 -28 862 988 643 422 -76 -58 

Central America and 

Caribbean  

106 172 208 214 250 250 208 277 340 357 407 416 357 366 348 355 406 418 

Central Asia  571 394 547 430 273 46 796 626 871 750 606 304 793 581 846 727 594 301 

China  2685 6960 12437 13606 2786 -1335 3782 8573 14969 16473 4695 -9 4935 8643 14901 16450 4504 -155 

Colombia  55 65 79 17 2 0 133 166 195 144 163 174 148 141 214 167 192 172 

EU  4371 4325 2880 1974 -641 -649 5511 5215 3582 2655 -5 -3 5480 5080 3476 2522 -117 6 

Europe_Eastern  864 408 299 257 217 89 1121 532 444 397 405 248 1120 447 416 369 374 247 

Europe_Non_EU  275 361 516 549 556 355 388 472 657 699 706 488 385 455 648 689 688 485 

European Free Trade 
Association  

77 88 79 42 19 2 103 109 99 59 38 21 113 120 110 55 33 21 

India  597 1233 2634 3873 5832 6324 1075 1844 3362 4747 6931 7612 1260 1993 3394 4782 6944 7600 

Indonesia  155 358 497 702 899 631 473 654 786 1058 1275 911 731 856 1143 1144 1349 908 

Japan  1143 1274 981 704 -53 -41 1242 1350 1057 769 -5 -4 1235 1324 1045 761 -7 -8 

Mexico  298 462 416 472 131 5 408 601 579 660 312 197 478 656 563 651 321 201 

Middle East  680 1353 2048 1919 1891 1126 919 1744 2636 2543 2528 1558 690 1494 2603 2531 2520 1562 

Pakistan  65 130 201 260 445 872 143 248 383 493 751 1342 139 245 386 506 758 1343 

Russia  2470 1657 1205 1313 774 142 3632 2538 1877 2087 1518 531 3929 2562 1767 1938 1202 501 

South Africa  348 454 415 376 -90 -99 425 527 499 465 -7 -7 450 549 472 439 -18 -7 

South America_Northern  106 161 77 55 63 56 186 250 153 135 158 143 209 247 156 140 172 144 

South America_Southern  83 145 216 214 214 128 241 322 426 439 475 412 389 446 553 502 502 413 

South Asia  27 69 156 211 328 559 150 204 345 453 626 927 176 196 344 453 616 928 

South Korea  266 530 625 464 -5 -5 312 605 704 536 52 32 311 603 703 535 49 29 

Southeast Asia  439 850 1288 1463 1734 1451 776 1306 1900 2098 2375 2022 1215 1480 2221 2183 2409 1991 

USA  5068 5934 4208 2690 -1009 -1075 6295 7111 5218 3657 -17 -12 6428 6901 4923 3443 -135 5 

Global  22164 29481 34270 33996 16042 10883 31293 39662 45802 46739 28979 24292 35289 41612 47378 46733 28129 24158 
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Table S12 Regional emissions in the Updated pledges-Increased ambition scenario. 

 
 CO2 emissions from fossil fuels and industry Gross GHG Net GHG 
 (MtCO2) (MtCO2) (MtCO2) 

Region 1990 2005 2020 2030 2050 2100 1990 2005 2020 2030 2050 2100 1990 2005 2020 2030 2050 2100 

Africa_Eastern  27 48 106 107 119 82 197 351 507 624 913 1672 311 481 655 673 945 1695 

Africa_Northern  228 385 528 557 406 90 405 647 781 835 716 392 282 688 785 836 717 393 

Africa_Southern  37 41 76 96 89 56 153 201 295 352 368 468 201 278 531 375 319 483 

Africa_Western  63 116 176 236 265 172 322 635 715 901 1103 1438 569 1186 1127 1084 1080 1526 

Argentina  105 155 154 123 70 11 248 351 355 346 335 317 223 505 448 356 353 319 

Australia_NZ  299 422 356 303 162 26 481 603 510 481 370 299 453 623 489 471 388 297 

Brazil  217 358 399 458 -5 -5 594 886 970 1084 611 636 1416 1476 1468 1175 503 614 

Canada  438 574 464 311 -185 -158 572 715 588 442 -38 -28 862 988 643 422 -81 -54 

Central America and 

Caribbean  

106 172 208 214 143 35 208 277 340 357 290 183 357 366 348 355 296 186 

Central Asia  571 394 547 430 262 39 796 626 871 750 592 295 793 581 846 727 579 291 

China  2685 6960 12437 13606 2796 -1338 3782 8573 14969 16473 4695 -9 4935 8643 14901 16450 4489 -153 

Colombia  55 65 79 17 2 0 133 166 195 144 164 176 148 141 214 167 193 174 

EU  4371 4325 2880 1974 -640 -647 5511 5215 3582 2655 -4 -3 5480 5080 3476 2522 -118 7 

Europe_Eastern  864 408 299 257 149 24 1121 532 444 397 328 156 1120 447 416 369 298 155 

Europe_Non_EU  275 361 516 549 317 50 388 472 657 699 453 168 385 455 648 689 433 166 

European Free Trade 
Association  

77 88 79 42 19 2 103 109 99 59 38 21 113 120 110 55 33 21 

India  597 1233 2634 3873 3132 717 1075 1844 3362 4747 4194 1735 1260 1993 3394 4782 4213 1728 

Indonesia  155 358 497 702 524 95 473 654 786 1058 860 334 731 856 1143 1144 948 332 

Japan  1143 1274 981 704 -53 -42 1242 1350 1057 769 -5 -4 1235 1324 1045 761 -9 -8 

Mexico  298 462 416 472 131 5 408 601 579 660 312 195 478 656 563 651 318 199 

Middle East  680 1353 2048 1919 1196 227 919 1744 2636 2543 1704 655 690 1494 2603 2531 1697 659 

Pakistan  65 130 201 260 239 99 143 248 383 493 531 501 139 245 386 506 537 502 

Russia  2470 1657 1205 1313 668 85 3632 2538 1877 2087 1382 456 3929 2562 1767 1938 1098 425 

South Africa  348 454 415 376 -91 -100 425 527 499 465 -7 -7 450 549 472 439 -18 -7 

South America_Northern  106 161 77 55 34 6 186 250 153 135 128 95 209 247 156 140 147 96 

South America_Southern  83 145 216 214 135 26 241 322 426 439 391 309 389 446 553 502 435 311 

South Asia  27 69 156 211 176 63 150 204 345 453 453 426 176 196 344 453 442 428 

South Korea  266 530 625 464 -5 -5 312 605 704 536 52 32 311 603 703 535 49 30 

Southeast Asia  439 850 1288 1463 990 204 776 1306 1900 2098 1557 658 1215 1480 2221 2183 1568 644 

USA  5068 5934 4208 2690 -1008 -1073 6295 7111 5218 3657 -16 -12 6428 6901 4923 3443 -143 4 

Global  22164 29481 34270 33996 10036 -1253 31293 39662 45802 46739 22472 11553 35289 41612 47378 46733 21708 11464 
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Table S13 CO2 emission intensity (MtCO2/thousand $2020) and decarbonization rate in the Reference-No policy scenario 

 

Region CO2 emission intensity (MtCO2/thousand $2020) Annual change rate1 

 2005 2015 2030 2050 2005-2015 2015-2030 2030-2050 

Africa_Eastern 0.31 0.30 0.26 0.22 -0.4% -0.9% -0.9% 

Africa_Northern 0.69 0.70 0.50 0.35 0.1% -2.2% -1.8% 

Africa_Southern 0.29 0.28 0.26 0.28 -0.4% -0.5% 0.4% 

Africa_Western 0.22 0.20 0.17 0.17 -1.0% -1.0% 0.0% 

Argentina 0.39 0.38 0.31 0.21 -0.4% -1.2% -1.9% 

Australia_NZ 0.31 0.24 0.19 0.13 -2.4% -1.7% -1.7% 

Brazil 0.17 0.18 0.16 0.11 0.7% -0.8% -1.8% 

Canada 0.32 0.28 0.21 0.14 -1.4% -1.9% -1.9% 

Central America and Caribbean 0.55 0.44 0.34 0.23 -2.0% -1.8% -1.9% 

Central Asia 1.64 1.12 0.79 0.49 -3.8% -2.3% -2.3% 

China 1.43 0.98 0.57 0.35 -3.7% -3.6% -2.4% 

Colombia 0.24 0.22 0.18 0.15 -0.7% -1.2% -1.1% 

EU 0.23 0.17 0.14 0.10 -2.9% -1.5% -1.6% 

Europe_Eastern 1.99 1.27 1.00 0.63 -4.4% -1.6% -2.3% 

Europe_Non_EU 0.39 0.33 0.25 0.17 -1.8% -1.8% -1.9% 

European Free Trade Association 0.08 0.06 0.04 0.04 -2.3% -2.1% -0.9% 

India 0.94 0.85 0.68 0.47 -1.1% -1.4% -1.9% 

Indonesia 0.53 0.43 0.33 0.23 -2.0% -1.8% -1.8% 

Japan 0.19 0.17 0.14 0.11 -1.1% -1.1% -1.3% 

Mexico 0.40 0.34 0.28 0.19 -1.5% -1.4% -1.8% 

Middle East 0.65 0.70 0.52 0.35 0.7% -1.9% -2.0% 

Pakistan 0.75 0.71 0.57 0.41 -0.5% -1.5% -1.6% 

Russia 1.10 0.88 0.64 0.44 -2.1% -2.1% -1.9% 

South Africa 1.20 1.01 0.72 0.43 -1.7% -2.3% -2.5% 

South America_Northern 0.55 0.47 0.73 0.57 -1.5% 3.0% -1.2% 

South America_Southern 0.30 0.30 0.24 0.19 -0.1% -1.3% -1.3% 

South Asia 0.38 0.41 0.34 0.27 0.6% -1.1% -1.1% 

South Korea 0.50 0.45 0.33 0.22 -1.2% -2.0% -2.0% 
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Southeast Asia 0.74 0.65 0.50 0.35 -1.4% -1.7% -1.8% 

USA 0.35 0.26 0.19 0.15 -2.7% -2.0% -1.2% 
 1 Negative value indicates decarbonization rate.  
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Table S14 CO2 emission intensity (MtCO2/thousand $2020) and decarbonization rate in the Current policy scenario. 

 

Region CO2 emission intensity (MtCO2/thousand $2020) Annual change rate1 

 2005 2015 2030 2050 2005-2015 2015-2030 2030-2050 

Africa_Eastern 0.31 0.30 0.22 0.15 -0.4% -2.0% -2.0% 

Africa_Northern 0.69 0.70 0.43 0.22 0.1% -3.3% -3.3% 

Africa_Southern 0.29 0.28 0.21 0.15 -0.4% -1.7% -1.7% 

Africa_Western 0.22 0.20 0.13 0.08 -1.0% -2.7% -2.7% 

Argentina 0.39 0.38 0.27 0.17 -0.4% -2.2% -2.2% 

Australia_NZ 0.31 0.24 0.14 0.07 -2.4% -3.4% -3.4% 

Brazil 0.17 0.18 0.13 0.08 0.7% -2.3% -2.3% 

Canada 0.32 0.28 0.18 0.10 -1.4% -2.8% -2.8% 

Central America and Caribbean 0.55 0.44 0.32 0.20 -2.0% -2.3% -2.3% 

Central Asia 1.64 1.12 0.53 0.20 -3.8% -4.8% -4.8% 

China 1.43 0.98 0.56 0.26 -3.7% -3.7% -3.7% 

Colombia 0.24 0.22 0.15 0.09 -0.7% -2.4% -2.4% 

EU 0.23 0.17 0.09 0.04 -2.9% -3.8% -3.8% 

Europe_Eastern 1.99 1.27 0.79 0.41 -4.4% -3.2% -3.2% 

Europe_Non_EU 0.39 0.33 0.23 0.14 -1.8% -2.3% -2.3% 

European Free Trade Association 0.08 0.06 0.04 0.02 -2.3% -2.7% -2.7% 

India 0.94 0.85 0.68 0.47 -1.1% -1.5% -1.9% 

Indonesia 0.53 0.43 0.31 0.19 -2.0% -2.3% -2.3% 

Japan 0.19 0.17 0.11 0.07 -1.1% -2.7% -2.7% 

Mexico 0.40 0.34 0.25 0.16 -1.5% -2.1% -2.1% 

Middle East 0.65 0.70 0.47 0.28 0.7% -2.6% -2.6% 

Pakistan 0.75 0.71 0.57 0.40 -0.5% -1.4% -1.7% 

Russia 1.10 0.88 0.46 0.19 -2.1% -4.3% -4.3% 

South Africa 1.20 1.01 0.48 0.18 -1.7% -4.8% -4.8% 

South America_Northern 0.55 0.47 0.48 0.49 -1.5% 0.1% 0.1% 

South America_Southern 0.30 0.30 0.22 0.14 -0.1% -2.1% -2.1% 

South Asia 0.38 0.41 0.31 0.22 0.6% -1.7% -1.7% 

South Korea 0.50 0.45 0.31 0.19 -1.2% -2.4% -2.4% 
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Southeast Asia 0.74 0.65 0.46 0.29 -1.4% -2.2% -2.2% 

USA 0.35 0.26 0.17 0.10 -2.7% -2.8% -2.8% 
 1 Negative value indicates decarbonization rate. 
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Table S15 CO2 emission intensity (MtCO2/thousand $2020) and decarbonization rate in the Current policy-Continued ambition 

scenario. 

 

Region CO2 emission intensity (MtCO2/thousand $2020) Annual change rate1 

 2005 2015 2030 2050 2005-2015 2015-2030 2030-2050 

Africa_Eastern 0.31 0.30 0.22 0.15 -0.4% -2.0% -2.0% 

Africa_Northern 0.69 0.70 0.43 0.22 0.1% -3.3% -3.3% 

Africa_Southern 0.29 0.28 0.21 0.14 -0.4% -1.7% -2.0% 

Africa_Western 0.22 0.20 0.13 0.08 -1.0% -2.7% -2.7% 

Argentina 0.39 0.38 0.27 0.17 -0.4% -2.2% -2.2% 

Australia_NZ 0.31 0.24 0.14 0.07 -2.4% -3.4% -3.4% 

Brazil 0.17 0.18 0.13 0.08 0.7% -2.3% -2.3% 

Canada 0.32 0.28 0.18 0.10 -1.4% -2.8% -2.8% 

Central America and Caribbean 0.55 0.44 0.32 0.20 -2.0% -2.3% -2.3% 

Central Asia 1.64 1.12 0.53 0.20 -3.8% -4.8% -4.8% 

China 1.43 0.98 0.56 0.26 -3.7% -3.7% -3.7% 

Colombia 0.24 0.22 0.15 0.09 -0.7% -2.4% -2.4% 

EU 0.23 0.17 0.09 0.04 -2.9% -3.8% -3.8% 

Europe_Eastern 1.99 1.27 0.79 0.41 -4.4% -3.2% -3.2% 

Europe_Non_EU 0.39 0.33 0.23 0.14 -1.8% -2.3% -2.3% 

European Free Trade Association 0.08 0.06 0.04 0.02 -2.3% -2.7% -2.7% 

India 0.94 0.85 0.68 0.45 -1.1% -1.5% -2.0% 

Indonesia 0.53 0.43 0.31 0.19 -2.0% -2.3% -2.3% 

Japan 0.19 0.17 0.11 0.07 -1.1% -2.7% -2.7% 

Mexico 0.40 0.34 0.25 0.16 -1.5% -2.1% -2.1% 

Middle East 0.65 0.70 0.47 0.28 0.7% -2.6% -2.6% 

Pakistan 0.75 0.71 0.57 0.40 -0.5% -1.4% -2.0% 

Russia 1.10 0.88 0.46 0.19 -2.1% -4.3% -4.3% 

South Africa 1.20 1.01 0.48 0.18 -1.7% -4.8% -4.8% 

South America_Northern 0.55 0.47 0.48 0.32 -1.5% 0.1% -2.0% 

South America_Southern 0.30 0.30 0.22 0.14 -0.1% -2.1% -2.1% 

South Asia 0.38 0.41 0.31 0.21 0.6% -1.7% -2.0% 
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South Korea 0.50 0.45 0.31 0.19 -1.2% -2.4% -2.4% 

Southeast Asia 0.74 0.65 0.46 0.29 -1.4% -2.2% -2.2% 

USA 0.35 0.26 0.17 0.10 -2.7% -2.8% -2.8% 
 1 Negative value indicates decarbonization rate. 
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Table S16 CO2 emission intensity (MtCO2/thousand $2020) and decarbonization rate in the Updated pledges-Continued ambition 

scenario. 

 

Region CO2 emission intensity (MtCO2/thousand $2020) Annual change rate1 

 2005 2015 2030 2050 2005-2015 2015-2030 2030-2050 

Africa_Eastern 0.31 0.30 0.20 0.12 -0.4% -2.7% -3% 

Africa_Northern 0.69 0.70 0.43 0.22 0.1% -3.2% -3% 

Africa_Southern 0.29 0.28 0.22 0.15 -0.4% -1.5% -2% 

Africa_Western 0.22 0.20 0.15 0.09 -1.0% -1.8% -3% 

Argentina 0.39 0.38 0.19 0.08 -0.4% -4.3% -4% 

Australia_NZ 0.31 0.24 0.12 0.05 -2.4% -4.6% -5% 

Brazil2 0.17 0.18 0.13 0.00 0.7% -2.2% -12% 

Canada2 0.32 0.28 0.11 -0.05 -1.4% -5.9% -11% 

Central America and Caribbean 0.55 0.44 0.31 0.20 -2.0% -2.3% -2% 

Central Asia 1.64 1.12 0.54 0.20 -3.8% -4.7% -5% 

China 1.43 0.98 0.56 0.08 -3.7% -3.7% -10% 

Colombia 0.24 0.22 0.03 0.00 -0.7% -12.9% -13% 

EU2 0.23 0.17 0.07 -0.02 -2.9% -5.3% -10% 

Europe_Eastern 1.99 1.27 0.80 0.42 -4.4% -3.0% -3% 

Europe_Non_EU 0.39 0.33 0.23 0.15 -1.8% -2.3% -2% 

European Free Trade Association 0.08 0.06 0.03 0.01 -2.3% -5.5% -6% 

India 0.94 0.85 0.65 0.43 -1.1% -1.8% -2% 

Indonesia 0.53 0.43 0.30 0.19 -2.0% -2.4% -2% 

Japan2 0.19 0.17 0.09 -0.01 -1.1% -4.3% -10% 

Mexico 0.40 0.34 0.25 0.04 -1.5% -2.1% -9% 

Middle East 0.65 0.70 0.46 0.26 0.7% -2.8% -3% 

Pakistan 0.75 0.71 0.58 0.38 -0.5% -1.4% -2% 

Russia 1.10 0.88 0.49 0.20 -2.1% -3.9% -4% 

South Africa2 1.20 1.01 0.48 -0.07 -1.7% -4.8% -18% 

South America_Northern 0.55 0.47 0.48 0.32 -1.5% 0.1% -2% 

South America_Southern 0.30 0.30 0.20 0.11 -0.1% -2.8% -3% 

South Asia 0.38 0.41 0.32 0.21 0.6% -1.7% -2% 



 
 

43 

South Korea2 0.50 0.45 0.22 0.00 -1.2% -4.7% -14% 

Southeast Asia 0.74 0.65 0.46 0.29 -1.4% -2.3% -2% 

USA2 0.35 0.26 0.10 -0.03 -2.7% -6.1% -11% 
1 Negative value indicates decarbonization rate. 
2 Regions with net-zero targets in 2050. Decarbonization rate between 2030 and 2050 are estimated as the rate reducing from 2030 

levels into 0.01.   
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Table S17 CO2 emission intensity (MtCO2/thousand $2020) and decarbonization rate in the Updated pledges-Increased ambition 

scenario. 

 

Region CO2 emission intensity (MtCO2/thousand $2020) Annual change rate1 

 2005 2015 2030 2050 2005-2015 2015-2030 2030-2050 

Africa_Eastern 0.31 0.30 0.20 0.07 -0.4% -2.7% -5% 

Africa_Northern 0.69 0.70 0.43 0.15 0.1% -3.2% -5% 

Africa_Southern 0.29 0.28 0.22 0.08 -0.4% -1.5% -5% 

Africa_Western 0.22 0.20 0.15 0.05 -1.0% -1.8% -5% 

Argentina 0.39 0.38 0.19 0.07 -0.4% -4.3% -5% 

Australia_NZ 0.31 0.24 0.12 0.04 -2.4% -4.6% -5% 

Brazil2 0.17 0.18 0.13 0.00 0.7% -2.2% -12% 

Canada2 0.32 0.28 0.11 -0.05 -1.4% -5.9% -11% 

Central America and Caribbean 0.55 0.44 0.31 0.11 -2.0% -2.3% -5% 

Central Asia 1.64 1.12 0.54 0.19 -3.8% -4.7% -5% 

China 1.43 0.98 0.56 0.08 -3.7% -3.7% -10% 

Colombia 0.24 0.22 0.03 0.00 -0.7% -12.9% -13% 

EU2 0.23 0.17 0.07 -0.02 -2.9% -5.3% -10% 

Europe_Eastern 1.99 1.27 0.80 0.29 -4.4% -3.0% -5% 

Europe_Non_EU 0.39 0.33 0.23 0.08 -1.8% -2.3% -5% 

European Free Trade Association 0.08 0.06 0.03 0.01 -2.3% -5.5% -6% 

India 0.94 0.85 0.65 0.23 -1.1% -1.8% -5% 

Indonesia 0.53 0.43 0.30 0.11 -2.0% -2.4% -5% 

Japan2 0.19 0.17 0.09 -0.01 -1.1% -4.3% -10% 

Mexico 0.40 0.34 0.25 0.04 -1.5% -2.1% -9% 

Middle East 0.65 0.70 0.46 0.16 0.7% -2.8% -5% 

Pakistan 0.75 0.71 0.58 0.21 -0.5% -1.4% -5% 

Russia 1.10 0.88 0.49 0.17 -2.1% -3.9% -5% 

South Africa2 1.20 1.01 0.48 -0.07 -1.7% -4.8% -18% 

South America_Northern 0.55 0.47 0.48 0.17 -1.5% 0.1% -5% 

South America_Southern 0.30 0.30 0.20 0.07 -0.1% -2.8% -5% 

South Asia 0.38 0.41 0.32 0.11 0.6% -1.7% -5% 
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South Korea2 0.50 0.45 0.22 0.00 -1.2% -4.7% -14% 

Southeast Asia 0.74 0.65 0.46 0.16 -1.4% -2.3% -5% 

USA2 0.35 0.26 0.10 -0.03 -2.7% -6.1% -11% 
1 Negative value indicates decarbonization rate. 
2 Regions with net-zero targets in 2050. Decarbonization rate between 2030 and 2050 are estimated as the rate reducing from 2030 

levels into 0.01.   
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Table S18 Comparison of unconditional NDCs estimates with other analysis. SI represents Scenario Inference. SC represents Scenario 

Construction. GHG emissions are aggregated based on AR4, GWP100. 

  
Scenario type 2030 GHG 

emissions (Gt 

CO2e) 

Cumulative 

GHG 

emissions 

2000-2100 (Gt 

CO2e) 

Global-mean 

temperature rise in 

2100 (66% 

chance) 

Global-mean 

temperature rise in 

2100 (median 

chance) 

Publication 

year 

Climate Scoreboard (17) Unconditional NDC 54.3 6,123  3.2°C (1.9-4.4°C) 2019 

UNEP Emission Gap Report 

2020 (16) 

Unconditional NDC 56 (54-60)  3.2°C  2020 

Höhne et al (SI) (15) Unconditional NDC 

+ net-zero pledges 

49.5 Not estimated 2.1°C (implied) 1.9°C (implied) 2021 

Höhne et al (SC) (15) Unconditional NDC 

+ net-zero pledges 

49.5 3,177 2.2°C 2.0°C 2021 

This study (Updated 

pledges-continued ambition) 

Unconditional NDC 

+ net-zero pledges 

46.7 2,980 2.4°C 2.2°C  

This study (Updated 

pledges-increased ambition) 

Unconditional NDC 

+ net-zero pledges 

46.7 2,357 2.0°C 1.9°C  
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