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Highlights 
• This Science Brief assesses the implications of the scientific evidence on carbon budgets presented in the 

latest assessment of the Intergovernmental Panel on Climate Change for national carbon budgets and 
emissions reductions in Belgium.  

• Based on the best available science, the global remaining carbon budget for limiting global warming to 1.5°C 
amounts to 400 billion tons of carbon dioxide emissions (GtCO2).  

• The implications of this global remaining carbon budget for Belgium can be explored by using equity and 
fairness principles to determine a fair national carbon budget share.  

• A variety of principles was applied ranging from approaches that are considered inherently unfair (a 
grandfathering approach) to approaches that have been proposed by developing country experts.  

• Based on this wide range of distribution keys, the minimum emissions reduction for Belgium that puts their 
national trajectory in line with limiting global warming to 1.5°C and on track to reach net zero greenhouse 
gas emissions by mid-century is -69% in 2030 relative to 1990 levels.  

• If Belgium’s net zero greenhouse gas target would be advanced from 2050 to 2042, the corresponding 
emissions reductions in 2030 would amount to -61% relative to 1990 levels. 
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Introduction and context 

Human activities are causing the climate change that we are 
observing and experiencing today (1, 2). Changes in heat 
extremes, droughts and extreme precipitation across the 
globe can now be attributed to the greenhouse gas emissions 
that result from human activities and our global economy (2, 
3). Some of these changes, such as increases in heatwaves, 
can be halted when greenhouse gas emissions are strongly 
reduced, while others, such as sea-level rise can be slowed 
but will ultimately continue to worsen for centuries to 
millennia (2–5).  

Informed by the best available science in the assessments of 
the Intergovernmental Panel on Climate Change (IPCC), 
Parties to the United Nations Framework Convention on 
Climate Change (UNFCCC) decided in 2015 at their 21st 
Conference of the Parties (COP21) in Paris to “[hold] the 
increase in the global average temperature to well below 2°C 
above pre-industrial levels and pursuing efforts to limit the 
temperature increase to 1.5°C above pre-industrial levels, 
recognizing that this would significantly reduce the risks and 
impacts of climate change” (6). In 2021, at COP26 in Glasgow, 
countries further strengthened this commitment by 
“[resolving] to pursue efforts to limit the temperature 
increase to 1.5 °C” (7). They also “[recognize] that limiting 
global warming to 1.5 °C requires rapid, deep and sustained 
reductions in global greenhouse gas emissions, including 
reducing global carbon dioxide emissions by 45 per cent by 
2030 relative to the 2010 level and to net zero around mid-
century as well as deep reductions in other greenhouse gases” 
(7).  

These international decisions have clear implications for 
global and national emissions. This science brief provides an 
updated overview of the latest scientific understanding of 
emissions reduction requirements in line with limiting 
warming in line with the international climate goals of the 
Paris Agreement and the Glasgow Climate Pact. It also 
updates implications for emissions reductions for Belgium as 
they were initially discussed in ref. (8), in light of the most 
recent Sixth Assessment Report (AR6) of the IPCC (9, 10) and 
most recent national greenhouse gas inventories. 

The remaining carbon budget for limiting 
warming to 1.5°C 

For over a decade now, it has been firmly established that 
global warming is close to linearly proportional to the total 
amount of carbon dioxide (CO2) emissions ever emitted in the 
atmosphere by human activities, also referred to as 
anthropogenic CO2 emissions (2, 4, 11–21). The IPCC’s best 
estimate is that each 1000 billion tonnes of anthropogenic 
CO2 (GtCO2) emissions cause 0.45°C of global warming (2, 21).  

That same assessment highlights that from a physical science 
perspective, global cumulative CO2 emissions have to be 
capped to keep human-induced warming from increasing 
further, and reaching net zero anthropogenic CO2 emissions 
is therefore a requirement (2, 21–23). Reductions in other 
anthropogenic greenhouse gases such as methane (CH4) or 
nitrous oxide (N2O) are also required to limit their 
contributions to future warming.  

This proportionality between anthropogenic CO2 emissions 
and the overall global warming, together with the 
understanding that no continued further warming is expected 
once global anthropogenic CO2 emissions reach net zero 
levels, implies that requirements for limiting global warming 
to a specific level can be quantified by means of a global 
carbon budget (4, 21, 24). These factors lead the IPCC to 
define the term ‘remaining carbon budget’ as “the maximum 
amount of cumulative net global anthropogenic CO2 
emissions that would result in limiting global warming to a 
given level with a given probability, taking into account the 
effect of other anthropogenic climate forcers [such as other 
greenhouse gases (methane, nitrous-oxide, fluorinated gases) 
and some air pollutants], […] expressed from a recent 
specified date [such as the start of the year 2015 or 2020]” 
(25).  

The IPCC AR6 provides the most recent and most 
authoritative estimates of the remaining carbon budget for 
limiting warming to a specific temperature level (such as 
1.5°C or 2°C) with a specified probability (such as 50%, 66%, 
or higher probability) (2, 4, 21). The latter probabilities are 
the result of appropriately accounting for assessed scientific 
uncertainties and their quantifications. In addition, estimates 
assume that also other, non-CO2 greenhouse gases are 
strongly reduced.  

To limit global warming to 1.5°C relative to preindustrial 
levels (approximated by the 1850–1900 period) with a 50-50 
probability, the remaining carbon budget was assessed to 
amount to 500 GtCO2 anthropogenic CO2 emissions, starting 
from 2020. If global cumulative CO2 emissions from 2020 until 
net zero are kept to within these 500 GtCO2 there is a 1-in-2 
chance that global warming is kept to 1.5°C, and a 1-in-2 
chance that it ends up above. This 500 GtCO2 figure is 
consistent with the corresponding estimate of 580 GtCO2, 
starting from 2018, from the IPCC Special Report on Global 
Warming of 1.5°C (SR1.5) (18, 19), when accounting for the 
about 80 GtCO2 of carbon dioxide that were emitted globally 
in the period 2018 – 2019 (26), and the updated assessment 
of Earth system feedbacks included in IPCC AR6.  

Considering a higher likelihood that global warming is 
effectively kept below 1.5°C, implies that the remaining 
carbon budget is further reduced from the above-mentioned 
500 GtCO2 value. For instance, for having a 66% or 83% 
chance that global warming is kept to 1.5°C, the remaining 
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carbon budgets were estimated at 400 and 300 GtCO2, 
respectively (Table 1).  

To further inform the Paris Agreement long-term 
temperature goal of holding global warming well below 2°C 
while pursuing to limit it to 1.5°C, the above-mentioned 
remaining carbon budget estimates can be considered in the 
context of what they achieve for limiting warming to other, 
higher temperature limits. Also here, the latest IPCC 
assessment report provides key information (2, 4, 21). For 
example, while keeping emissions to within a remaining 
carbon budget of 500 GtCO2 results in limiting global warming 
to 1.5°C with 50% probability, it also implies that 1.7°C of 
global warming is avoided with about 85% probability, and 
1.8°C of global warming with a greater than 90% probability 
(Table 1, and additional calculations).  

Any of these remaining carbon budget estimates require also 
non-CO2 greenhouse gas emissions to be strongly limited and 
reduced over the next decades, and particularly methane. 
Uncertainty about how deeply and how successfully methane 
emissions can be reduced over the next decades, combined 
with the challenges associated with their mitigation (27), 
means that remaining carbon budget estimates can still be 
smaller by 220 GtCO2 or more. In case the mitigation potential 
for non-CO2 emissions ends up at the lower end of what is 
currently identified in the scientific literature, the remaining 
carbon budget for limiting global warming to 1.5°C with a 50% 
probability would be 280 GtCO2 rather than 500 GtCO2. 
Moreover, the scientific literature describes how national 
greenhouse gas inventories reported by countries use a 
different convention to define forest emissions compared to 
global scientific models that are used to estimate the 
remaining carbon budget (28). This discrepancy implies that 
cumulative emissions based on national inventories likely 
represent an underestimate of the actual net anthropogenic 
emissions seen by the atmosphere (29). Therefore, from a 
precautionary principle, only a remaining carbon budget that 
is markedly below 500 GtCO2 is aligned with limiting global 
warming to 1.5°C.  

Global emissions pathways consistent 
with limiting warming to 1.5°C 

The global remaining carbon budget for 1.5°C sets clear limits 
for the total amount of global anthropogenic CO2 emissions 
that can still be emitted until net-zero levels are achieved. The 
IPCC SR1.5 reported that pathways that limit global warming 

to 1.5°C ‘with no or limited overshoot’1 are characterised by 
a global reduction in CO2 emissions of 45% by 2030 relative 

 
1 Global warming in 1.5°C pathways ‘with no or limited overshoot’ 
reported in the IPCC SR1.5 do not keep warming below 1.5°C with a high 
probability. They result in global warming more likely than not (with 50% 

to 2010 levels and the achievement of net zero CO2 emissions 
around mid-century. This 1.5°C pathway characteristic is now 
further strengthened by the latest IPCC AR6 assessment of 
the remaining carbon budget. Starting from historical 
emissions for the year 2020 (26), a 45% reduction by 2030 
relative to 2010 levels and a further linear reduction to net 
zero in 2050 implies 500 GtCO2 being spent cumulatively from 
2020 to 2050. These implied cumulative emissions are 
therefore aligned with the assessed remaining carbon budget 
for limiting global warming to 1.5°C with 50% probability. 
Despite updates to carbon budgets and global pathways, the 
emission reduction milestones of the SR1.5 that were also 
included in the Glasgow Climate Pact therefore remain 
supported by the best available science.  

Belgium’s global carbon budget share 
The IPCC’s remaining carbon budget for 1.5°C is defined at the 
global level. However, implications for Belgium can be 
derived by translating the global budget to the national level. 
This translation implies using international equity and 
fairness principles as a distribution key to the global carbon 
budget. A wide set of equity approaches have been identified 
in the literature, although importantly, not all of them are 
supported by principles of international law (30). To illustrate 
the implications of the global remaining carbon budget for 
1.5°C for Belgium, we here quantify the share of the 
remaining carbon budget for Belgium under three different 
approaches: grandfathering of current historical emissions, 
equal per capita shares, and equal cumulative per capita 
emissions.  

Although quantified here as a distribution key for the global 
remaining carbon budget, the academic literature on equity, 
fairness and burden sharing overwhelmingly considers 
grandfathering not to be an appropriate basis for fair 
distribution of efforts (for example, as expressed in (30–32)). 
A grandfathering approach rewards historical high polluters 
by allowing them to continue to emit a proportionally larger 
share in the future – the exact opposite of a polluter pays 
principle. It is here included to illustrate what would be the 
most beneficial interpretation of burden sharing from the 
perspective of a developed country such as Belgium.  

The equal per capita share approach divides the remaining 
carbon budget amongst countries proportional to their 
current global population share based on the latest 
population data from the World Bank (33). It embodies a way 
to quantify the principle of equality. Finally, the cumulative 
per capita emissions approach divides the remaining carbon 
budget in a way such that the per capita emissions over a 

to 67% probability) exceeding the 1.5°C and require global net negative 
CO2 emissions to reverse warming and return warming below 1.5°C 
towards the end of the century.  
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given period are equal between countries. The latter 
approach has been proposed by experts from the BASIC 
countries (Brazil, South Africa, India, and China) (34). Here, 
per capita emissions are cumulative either from 1990, the 
publication of the first IPCC Assessment (35), or 2015 when 
the Paris Agreement was adopted.  

Applying these different distribution keys to the global carbon 
budget provides quantified estimates of Belgium’s share (see 
Table 2). The national share of the global remaining carbon 
budget that would be available for Belgium over the next 
years and decades differs markedly depending on which 
distribution key is applied. As expected, the grandfathering 
distribution key that by design benefits large historical 
emitters results in the largest remaining national carbon 
budget share for Belgium. At the same time, when the equal 
cumulative per capita distribution key that was proposed by 
developing countries is applied, the remaining carbon budget 
for Belgium becomes negative. That means Belgium has 
already overspent its allowable share of remaining carbon 
emissions when considering that action could have been 
taken starting in 1990 after the first IPCC assessment report 
or starting in 2015 after adoption of the Paris Agreement.   

A 1.5°C-compatible national emissions 
pathway for Belgium 

The estimated national carbon budget shares for Belgium can 
subsequently be used to estimate implied necessary 
emissions reductions by 2030. Here we assume a linear 
reduction from 2020 to 2030 in Belgian domestic CO2 
emissions, starting from the 2020 value reported in Belgium’s 
official national greenhouse gas inventory submission to the 
UNFCCC (36). To allow for the achievement of net zero 
greenhouse gas emissions in 2050, Belgian CO2 emissions 
decline further to net zero by 2045 from their estimated 2030 
value. The net zero CO2 by 2045 value has been chosen to 
allow for the subsequent achievement of Belgium’s mid-
century net zero greenhouse gas target by 2050. The 
achievement of net zero greenhouse gas emissions is always 
later than the achievement of net zero CO2 emissions (37) 
(Table 2).  

As for remaining carbon budget shares, the implied 2030 
emissions reductions for Belgium vary strongly as a function 
of the carbon budget distribution key or principle that is 
assumed. Assuming a conservative global remaining carbon 
budget for limiting global warming to 1.5°C and the most 
lenient emissions distribution key for developed countries 
suggests a minimum national emissions reduction in 2030 of 
-69% relative to 1990 levels for Belgium. Applying any other, 
more salient fairness principle or distribution key results in 
even deeper implied 1.5°C-compatible emissions reductions 
by 2030 for Belgium.  

An alternative to the piece-wise linear path, where Belgium’s 
net zero greenhouse gas target is kept fixed at the year 2050, 
is a direct linear reduction to net zero (Figure 1). In this case, 
the year in which Belgium should achieve net zero 
greenhouse gas emissions is advanced so that Belgium stays 
within its fair share of global emissions. Indeed, for Belgium 
to stay within its remaining carbon budget, the implied net 
zero dates are always before 2050 (Table 3). Even for the 
most lenient grandfathering approach (which is not 
considered a fair distribution approach (30)), Belgium’s net 
zero greenhouse gas date aligned with 1.5°C is closer to 2040 
than to 2050. Because Belgium’s net zero date is advanced, 
emissions reductions by 2030 can be slightly less stringent. 
Here, the most lenient reductions in line with 1.5°C are 
estimated at a 61% reduction in 2030 relative to 1990 levels, 
but more salient fairness approaches indicate reductions of 
more than 80%. The results for corresponding calculations for 
the EU-27 are reported in Tables 4 and 5 for comparison. 

Conclusion 

This Science Brief has assessed the implications of the latest 
and best available scientific evidence on carbon budgets 
compatible with limiting global warming to 1.5°C for national 
carbon budgets and emissions reductions in Belgium. The 
choice of distribution key or fairness principle is a key 
determinant of the size of the remaining carbon budget for 
Belgium. Here, a variety of principles was applied ranging 
from approaches that are considered inherently unfair (a 
grandfathering approach) to approaches that have been 
proposed by developing country experts. Based on this wide 
range, the minimum emissions reduction for Belgium that 
puts their national trajectory in line with limiting global 
warming to 1.5°C and on track to reach net zero greenhouse 
gas emissions by mid-century is -69% in 2030 relative to 1990 
levels. Alternatively, if Belgium advances its national net zero 
greenhouse gas date to around 2040, the corresponding 
reductions in 2030 would be -61% relative to 1990 levels. 
Annual reductions implied by these paths are reported in 
Table 6.  
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Two alternative linear pathway trajectories are illustrated. Path 1 keeps Belgium’s current 2050 net zero greenhouse gas emissions 
target and adjusts 2030 emissions levels so that Belgium’s emissions stay within Belgium’s share of a global remaining carbon budget 
of 400 GtCO2 when (unfairly) distributed based on the grandfathering of current emissions levels. Path 2 advances Belgium’s net zero 
greenhouse gas target to achieve the same outcome.  
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Table 1: Global remaining carbon budget for limiting global warming to 1.5 °C, 1.7 °C or 2.0 °C with a given likelihood.   
Table adapted from the IPCC AR6 Working Group 1 Report (2, 4, 21). In light of known differences in how emissions are reported by countries and in climate models that estimate remaining 
carbon budgets (29), the value for limiting global warming to 1.5°C with 50% represents a lenient value. Following a precautionary approach, the analysis presented in this brief takes a 
global remaining carbon budget of 400 GtCO2 as its default value.   

 

Global warming between  
1850–1900 and 2010–2019 (°C) Historical cumulative CO2 emissions from 1850 to 2019 (GtCO2) 

1.07 (0.8–1.3; likely range) 2390 (± 240; likely range) 
 

Global warming  
since 2010–2019 (°C) *(1) 

Approximate 
global warming  

since 1850–1900 (°C) *(1) 

Estimated remaining carbon budgets  
from January 2020 (GtCO2) 

Likelihood of limiting global warming 
Variations in reductions  

in non-CO2 emissions*(2) 
17% 33% 50% 67% 83% 

0.43 1.5 900 650 500 400 300 Higher or lower reductions in 
accompanying non-CO2 

emissions can increase or 
decrease the values on the left 

by 220 GtCO2 or more 

0.63 1.7 1450 1050 850 700 550 

0.73 1.8 1750 1250 1000 850 650 

0.93 2.0 2300 1700 1350 1150 900 
 

*(1) Values at each 0.1°C increment of warming are available in Tables TS.3 and 5.8 of refs (4) and (21), respectively.  
*(2) Remaining carbon budget estimates consider the warming from non-CO2 forcers as implied by the scenarios assessed in IPCC SR1.5 (18, 19).  
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Table 2: Estimated remaining carbon budget for Belgium and implied emissions reductions by 2030 (PATH 1).   
Values based on a set of distribution keys and for global remaining carbon budget values of 500 and 400 GtCO2, consistent with limiting global warming to 1.5°C with 50% and 66% 
probability, respectively. *Note that grandfathering of emissions is included here as an example of an approach that would be most beneficial to developed countries such as Belgium, but 
is not supported by principles of international environmental law, including the UNFCCC and the Paris Agreement, as a fair principle for the distribution of future emissions (30). The 
remaining carbon budget for Belgium accounts for emissions emitted by Belgium in the year 2020.  

Implied national emissions reductions by 2030 for Belgium are estimated on a linear CO2 reduction trajectory between 2020 and 2030, declining further to net zero CO2 by 2045 so that 
net zero greenhouse gas emissions can be achieved by 2050. Note that net zero greenhouse gas emissions are always achieved after net zero CO2 emissions are achieved because some 
emissions of the non-CO2 greenhouse gases such as methane (CH4) and nitrous oxide (N2O) cannot be eliminated fully and need to be compensated by negative CO2 emissions (37). To 
estimate the implied total greenhouse gas reduction, national non-CO2 emissions for Belgium are assumed to decline proportional to the emissions reductions of global pathways that limit 
warming to 1.5°C with no or limited overshoot, as reported by the latest IPCC assessment (38, 39) (i.e., the IPCC AR6 C1 category with a 31% reduction in 2030 from 2015 levels and an 
interquartile range of 28–35%). Total greenhouse gas emissions reduction calculations applied Global Warming Potentials over 100 years as currently used in UNFCCC reporting.  

 

PATH 1:  
linear trajectory in CO2 emissions from 2020 until 2030 and continuing linearly thereafter until Belgium’s 2050 net zero target 

Distribution Key/Principle 
Remaining carbon budget for 

Belgium, starting from January 
2021 (MtCO2) 

Implied Belgian CO2 emissions 
reduction in 2030, relative to 

1990 levels (%) 

Implied Belgian total greenhouse 
gas emissions reduction in 2030, 

relative to 1990 levels (%) 

Global remaining carbon budget: 400 GtCO2 (66% probability) 

Grandfathering of year-2020 
historical emissions  856* -72% -69% 

Equal per capita share  
(population in 2020) 538 -94% -86% 

Equal cumulative per capita emissions 
from 2015 to 2050 238 -114% -103% 

Equal cumulative per capita emissions 
from 1990 to 2050 -1466 -231% -199% 

Global remaining carbon budget: 500 GtCO2 (50% probability) 

Grandfathering of year-2020 
historical emissions  1093* -56% -55% 

Equal per capita share  
(population in 2020) 687 -84% -78% 

Equal cumulative per capita emissions 
from 2015 to 2050 375 -105% -95% 

Equal cumulative per capita emissions 
from 1990 to 2050 -1319 -221% -190% 
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Table 3: Estimated remaining carbon budget for Belgium and implied emissions reductions by 2030 (PATH 2).   
Values based on a set of distribution keys and for global remaining carbon budget values of 500 and 400 GtCO2, consistent with limiting global warming to 1.5°C with 50% and 66% 
probability, respectively. *Note that grandfathering of emissions is included here as an example of an approach that would be most beneficial to developed countries such as Belgium, but 
is not supported by principles of international environmental law, including the UNFCCC and the Paris Agreement, as a fair principle for the distribution of future emissions (30). The 
remaining carbon budget for Belgium accounts for emissions emitted by Belgium in the year 2020.  

Implied national emissions reductions by 2030 for Belgium are estimated on a linear CO2 reduction trajectory between 2020 and the time the remaining carbon budget for Belgium is 
exhausted. After reaching net zero CO2 emissions, CO2 emissions reductions are assumed to continue the same linear trajectory until net zero greenhouse gas emissions levels are reached. 
The first year in which projected total greenhouse gas emissions cross the net zero threshold under these assumptions is reported as the net zero greenhouse gas date. To estimate the 
implied total greenhouse gas reduction, national non-CO2 emissions for Belgium are assumed to decline proportional to the emissions reductions of global pathways that limit warming to 
1.5°C with no or limited overshoot, as reported by the latest IPCC assessment (38, 39) (i.e., the IPCC AR6 C1 category). 

N/A = not applicable 

PATH 2:  
linear trajectory in CO2 emissions from 2020 until the remaining carbon budget for Belgium is exhausted 

Distribution Key/Principle 
Net zero CO2 date  

implied by linear path 
(year) 

Net zero greenhouse gas 
date implied by linear path 

(year) 

Implied Belgian total 
greenhouse gas emissions 
reduction in 2030, relative 

to 1990 levels 
(%) 

Global remaining carbon budget: 400 GtCO2 (66% probability) 

Grandfathering of year-2020 
historical emissions  2039* 2042 -61% 

Equal per capita share  
(population in 2020) 2032 2034 -81% 

Equal cumulative per capita emissions 
from 2015 to 2050 2025 2026 already net zero in 2025 

Equal cumulative per capita emissions 
from 1990 to 2050 would fall before 2020 N/A N/A 

Global remaining carbon budget: 500 GtCO2 (50% probability) 

Grandfathering of year-2020 
historical emissions  2044* 2047 -54% 

Equal per capita share  
(population in 2020) 2035 2037 -70% 

Equal cumulative per capita emissions 
from 2015 to 2050 2028 2030 -104% 

Equal cumulative per capita emissions 
from 1990 to 2050 would fall before 2020 N/A N/A 
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Table 4: Estimated remaining carbon budget for EU-27 and implied emissions reductions by 2030 (PATH 1).   
Values based on a set of distribution keys and for global remaining carbon budget values of 500 and 400 GtCO2, consistent with limiting global warming to 1.5°C with 50% and 66% 
probability, respectively. *Note that grandfathering of emissions is included here as an example of an approach that would be most beneficial to developed countries, but is not supported 
by principles of international environmental law, including the UNFCCC and the Paris Agreement, as a fair principle for the distribution of future emissions (30). The remaining carbon 
budget accounts for emissions emitted in the year 2020.  

Implied national emissions reductions by 2030 are estimated on a linear CO2 reduction trajectory between 2020 and 2030, declining further to net zero CO2 by 2045 so that net zero 
greenhouse gas emissions can be achieved by 2050. Note that net zero greenhouse gas emissions are always achieved after net zero CO2 emissions are achieved because some emissions 
of the non-CO2 greenhouse gases such as methane (CH4) and nitrous oxide (N2O) cannot be eliminated fully and need to be compensated by negative CO2 emissions (37). To estimate the 
implied total greenhouse gas reduction, national non-CO2 emissions for EU-27 are assumed to decline proportional to the emissions reductions of global pathways that limit warming to 
1.5°C with no or limited overshoot, as reported by the latest IPCC assessment (38, 39) (i.e., the IPCC AR6 C1 category with a 31% reduction in 2030 from 2015 levels and an interquartile 
range of 28–35%). Total greenhouse gas emissions reduction calculations applied Global Warming Potentials over 100 years as currently used in UNFCCC reporting.  

 

PATH 1:  
linear trajectory in CO2 emissions from 2020 until 2030 and continuing linearly thereafter 

Distribution Key/Principle 
Remaining carbon budget for  
EU-27, starting from January 

2021 (GtCO2) 

Implied EU-27 CO2 emissions 
reduction in 2030, relative to 

1990 levels (%) 

Implied EU-27 total greenhouse 
gas emissions reduction in 2030, 

relative to 1990 levels (%) 

Global remaining carbon budget: 400 GtCO2 (66% probability) 

Grandfathering of year-2020 
historical emissions  22.7* -76% -71% 

Equal per capita share  
(population in 2020) 20.9 -80% -74% 

Equal cumulative per capita emissions 
from 2015 to 2050 14.2 -95% -85% 

Equal cumulative per capita emissions 
from 1990 to 2050 -17.6 -165% -140% 

Global remaining carbon budget: 500 GtCO2 (50% probability) 

Grandfathering of year-2020 
historical emissions  29.0* -62% -60% 

Equal per capita share  
(population in 2020) 26.6 -68% -64% 

Equal cumulative per capita emissions 
from 2015 to 2050 19.3 -84% -76% 

Equal cumulative per capita emissions 
from 1990 to 2050 -11.9 -152% -130% 
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Table 5: Estimated remaining carbon budget for EU-27 and implied emissions reductions by 2030 (PATH 2).   
Values based on a set of distribution keys and for global remaining carbon budget values of 500 and 400 GtCO2, consistent with limiting global warming to 1.5°C with 50% and 66% 
probability, respectively. *Note that grandfathering of emissions is included here as an example of an approach that would be most beneficial to developed countries, but is not supported 
by principles of international environmental law, including the UNFCCC and the Paris Agreement, as a fair principle for the distribution of future emissions (30). The remaining carbon 
budget accounts for emissions emitted in the year 2020. 

Implied national emissions reductions by 2030 are estimated on a linear CO2 reduction trajectory between 2020 and the time the remaining carbon budget for EU-27 is exhausted. After 
reaching net zero CO2 emissions, CO2 emissions reductions are assumed to continue the same linear trajectory until net zero greenhouse gas emissions levels are reached. The first year in 
which projected total greenhouse gas emissions cross the net zero threshold under these assumptions is reported as the net zero greenhouse gas date. To estimate the implied total 
greenhouse gas reduction, national non-CO2 emissions for EU-27 are assumed to decline proportional to the emissions reductions of global pathways that limit warming to 1.5°C with no 
or limited overshoot, as reported by the latest IPCC assessment (38, 39) (i.e., the IPCC AR6 C1 category). 

N/A = not applicable 

PATH 2:  
linear trajectory in CO2 emissions from 2020 until the remaining carbon budget for EU-27 is exhausted 

Distribution Key/Principle 
Net zero CO2 date  

implied by linear path 
(year) 

Net zero greenhouse gas 
date implied by linear path 

(year) 

Implied EU-27 total 
greenhouse gas emissions 
reduction in 2030, relative 

to 1990 levels 
(%) 

Global remaining carbon budget: 400 GtCO2 (66% probability) 

Grandfathering of year-2020 
historical emissions  2039* 2043 -65% 

Equal per capita share  
(population in 2020) 2038 2041 -67% 

Equal cumulative per capita emissions 
from 2015 to 2050 2032 2034 -81% 

Equal cumulative per capita emissions 
from 1990 to 2050 would fall before 2020 N/A N/A 

Global remaining carbon budget: 500 GtCO2 (50% probability) 

Grandfathering of year-2020 
historical emissions  2044* 2049 -59% 

Equal per capita share  
(population in 2020) 2042 2046 -61% 

Equal cumulative per capita emissions 
from 2015 to 2050 2036 2039 -69% 

Equal cumulative per capita emissions 
from 1990 to 2050 would fall before 2020 N/A N/A 
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Table 6 (part 1): Estimated annual reductions for four distribution principles and two pathway assumptions.   
Annual emissions reductions for total greenhouse gas emissions relative to 1990, for a global 400 GtCO2 remaining carbon budget consistent with holding global warming to 1.5°C.  
Path 1: Linear reduction from 2020 to 2030 continued by linear reduction until Belgium’s current 2050 net zero greenhouse gas target is achieved. 
Path 2: Linear reduction from 2020 to net zero in a way that the remaining carbon budget is not exceeded. Belgium’s net zero date is advanced in this case. No values are estimated for 
after the net zero greenhouse gas date.  

Distribution Key/Principle Path 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 

Grandfathering of year-2020 
historical emissions Path 1 -26% -30% -34% -38% -43% -47% -51% -56% -60% -64% -69% -70% -72% -74% -75% -77% 

 Path 2 -26% -29% -33% -36% -40% -43% -47% -51% -54% -58% -61% -65% -68% -72% -75% -79% 

Equal per capita share 
(population in 2020) Path 1 -26% -32% -38% -44% -50% -56% -62% -68% -74% -80% -86% -87% -87% -88% -88% -89% 

 Path 2 -26% -31% -37% -42% -48% -53% -59% -64% -70% -75% -81% -86% -92% -97% net zero  

Equal cumulative per capita 
emissions from 2015 to 2050 Path 1 -26% -33% -41% -49% -57% -64% -72% -80% -88% -95% -103% -102% -102% -101% -101% -100% 

 Path 2 -26% -39% -51% -64% -77% -90% net zero          

Equal cumulative per capita 
emissions from 1990 to 2050 Path 1 -26% Remaining carbon budget for Belgium exhausted - no pathway possible anymore 

 Path 2 -26% Remaining carbon budget for Belgium exhausted - no pathway possible anymore 

 

Table 6 (part 2): Estimated annual reductions for four distribution principles and two pathway assumptions.   
Annual emissions reductions relative to 1990, for a global 400 GtCO2 remaining carbon budget consistent with holding global warming to 1.5°C 

Distribution Key/Principle Path 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 

Grandfathering of year-2020 
historical emissions Path 1 -78% -80% -82% -83% -85% -86% -88% -90% -91% -93% -94% -96% -97% -99% -100% 

 Path 2 -82% -86% -89% -92% -96% -99% net zero         

Equal per capita share 
(population in 2020) Path 1 -89% -90% -90% -90% -91% -91% -92% -92% -92% -93% -94% -96% -97% -99% -100% 

 Path 2                

Equal cumulative per capita 
emissions from 2015 to 2050 Path 1 -99% -99% -98% -97% -96% -96% -95% -94% -94% -93% -94% -96% -97% -99% -100% 

 Path 2                

Equal cumulative per capita 
emissions from 1990 to 2050 Path 1 Remaining carbon budget for Belgium exhausted - no pathway possible anymore 
 

Path 2 Remaining carbon budget for Belgium exhausted - no pathway possible anymore 

 
  



 

14/17 DOI: https://doi.org/10.25561/104829  

References 
1.  V. Eyring, N. P. Gillett, K. M. Achuta Rao, R. Barimalala, 

M. Barreiro Parrillo, N. Bellouin, C. Cassou, P. J. Durack, 
Y. Kosaka, S. McGregor, S. Min, O. Morgenstern, Y. Sun, 
"Human Influence on the Climate System" in Climate 
Change 2021: The Physical Science Basis. Contribution of 
Working Group I to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change, V. Masson-
Delmotte, P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. 
Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. 
Huang, K. Leitzell, E. Lonnoy, J. B. R. Matthews, T. K. 
Maycock, T. Waterfield, O. Yelekçi, R. Yu, B. Zhou, Eds. 
(Cambridge University Press, 2021). 

2.  IPCC, “Summary for Policymakers. In: Climate Change 
2021: The Physical Science Basis. Contribution of 
Working Group I to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change” (2021). 

3.  S. I. Seneviratne, X. Zhang, M. Adnan, W. Badi, C. 
Dereczynski, A. Di Luca, S. Ghosh, I. Iskandar, J. Kossin, 
S. Lewis, F. Otto, I. Pinto, M. Satoh, S. M. Vicente-
Serrano, M. Wehner, B. Zhou, "Weather and Climate 
Extreme Events in a Changing Climate" in Climate 
Change 2021: The Physical Science Basis. Contribution of 
Working Group I to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change, V. Masson-
Delmotte, P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. 
Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. 
Huang, K. Leitzell, E. Lonnoy, J. B. R. Matthews, T. K. 
Maycock, T. Waterfield, O. Yelekçi, R. Yu, B. Zhou, Eds. 
(Cambridge University Press, 2021). 

4.  P. A. Arias, N. Bellouin, E. Coppola, R. G. Jones, G. 
Krinner, J. Marotzke, V. Naik, M. D. Palmer, G.-K. 
Plattner, J. Rogelj, M. Rojas, J. Sillmann, T. Storelvmo, P. 
W. Thorne, B. Trewin, K. Achuta Rao, B. Adhikary, R. P. 
Allan, K. Armour, G. Bala, R. Barimalala, S. Berger, J. G. 
Canadell, C. Cassou, A. Cherchi, W. Collins, W. D. Collins, 
S. L. Connors, S. Corti, F. Cruz, F. J. Dentener, C. 
Dereczynski, A. Di Luca, A. Diongue Niang, F. J. Doblas-
Reyes, A. Dosio, H. Douville, F. Engelbrecht, V. Eyring, E. 
Fischer, P. Forster, B. Fox-Kemper, J. S. Fuglestvedt, J. C. 
Fyfe, N. P. Gillett, L. Goldfarb, I. Gorodetskaya, J. M. 
Gutierrez, R. Hamdi, E. Hawkins, H. T. Hewitt, P. Hope, 
A. S. Islam, C. Jones, D. S. Kaufman, R. E. Kopp, Y. Kosaka, 
J. Kossin, S. Krakovska, J.-Y. Lee, J. Li, T. Mauritsen, T. K. 
Maycock, M. Meinshausen, S.-K. Min, P. M. S. Monteiro, 
T. Ngo-Duc, F. Otto, I. Pinto, A. Pirani, K. Raghavan, R. 
Ranasinghe, A. C. Ruane, L. Ruiz, J.-B. Sallée, B. H. 
Samset, S. Sathyendranath, S. I. Seneviratne, A. A. 
Sörensson, S. Szopa, I. Takayabu, A.-M. Treguier, B. van 
den Hurk, R. Vautard, K. von Schuckmann, S. Zaehle, X. 
Zhang, K. Zickfeld, "Technical Summary" in Climate 
Change 2021: The Physical Science Basis. Contribution of 
Working Group I to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change, V. Masson-

Delmotte, P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. 
Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. 
Huang, K. Leitzell, E. Lonnoy, J. B. R. Matthews, T. K. 
Maycock, T. Waterfield, O. Yelekçi, R. Yu, B. Zhou, Eds. 
(Cambridge University Press, 2021). 

5.  B. Fox-Kemper, H. T. H. T. Hewitt, C. Xiao, G. 
Aðalgeirsdóttir, S. S. Drijfhout, T. L. Edwards, N. R. 
Golledge, M. Hemer, R. E. Kopp, G. Krinner, A. Mix, D. 
Notz, S. Nowicki, I. S. Nurhati, L. Ruiz, J.-B. Sallée, A. B. 
A. Slangen, Y. Yu, "Ocean, Cryosphere and Sea Level 
Change" in Climate Change 2021: The Physical Science 
Basis. Contribution of Working Group I to the Sixth 
Assessment Report of the Intergovernmental Panel on 
Climate Change, V. Masson-Delmotte, P. Zhai, A. Pirani, 
S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. 
Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, 
J. B. R. Matthews, T. K. Maycock, T. Waterfield, O. 
Yelekçi, R. Yu, B. Zhou, Eds. (Cambridge University Press, 
2021). 

6.  UNFCCC, FCCC/CP/2015/L.9/Rev.1: Adoption of the Paris 
Agreement (UNFCCC, Paris, France, 2015; 
http://unfccc.int/resource/docs/2015/cop21/eng/l09r0
1.pdf). 

7.  UNFCCC, FCCC/PA/CMA/2021/10/Add.1 Decision 
1/CMA.3 Glasgow Climate Pact (UNFCCC, Glasgow, UK, 
2021; 
https://unfccc.int/sites/default/files/resource/cma202
1_10_add1_adv.pdf). 

8.  Klimaatpanel.be, "Annex to Belgian Historical Emissions, 
NECP and 1.5°C scenarios" in Panel voor Klimaat en 
Duurzaamheid. Om klimaatverandering en de 
ecosysteemcrisis echt aan te pakken is 
systeemverandering noodzakelijk en urgent. (Panel voor 
Klimaat en Duurzaamheid, 2021; 
http://hdl.handle.net/1854/LU-8718622), pp. 116–118. 

9.  IPCC, Climate Change 2021: The Physical Science Basis. 
Contribution of Working Group I to the Sixth Assessment 
Report of the Intergovernmental Panel on Climate 
Change. (Cambridge University Press, Cambridge, UK 
and New York, NY, USA, 2021). 

10.  IPCC, Climate Change 2022: Mitigation of Climate 
Change. Contribution of Working Group III to the Sixth 
Assessment Report of the Intergovernmental Panel on 
Climate Change  [P.R. Shukla, J. Skea, R. Slade, A. Al 
Khourdajie, R. van Diemen, D. McCollum, M. Pathak, S. 
Some, P. Vyas, R. Fradera, M. Belkacemi, A. Hasija, G. 
Lisboa, S. Luz, J. Malley, (eds.)]. (Cambridge University 
Press, Cambridge, UK and New York, NY, USA, 2022). 

11.  M. R. Allen, D. J. Frame, C. Huntingford, C. D. Jones, J. A. 
Lowe, M. Meinshausen, N. Meinshausen, Warming 

https://doi.org/10.25561/104829


 

 

15/17 

caused by cumulative carbon emissions towards the 
trillionth tonne. Nature. 458, 1163–1166 (2009). 

12.  M. Meinshausen, N. Meinshausen, W. Hare, S. C. B. 
Raper, K. Frieler, R. Knutti, D. J. Frame, M. R. Allen, 
Greenhouse-gas emission targets for limiting global 
warming to 2°C. Nature. 458, 1158–1162 (2009). 

13.  K. Zickfeld, M. Eby, H. D. Matthews, A. J. Weaver, Setting 
cumulative emissions targets to reduce the risk of 
dangerous climate change. Proceedings of the National 
Academy of Sciences. 106, 16129–16134 (2009). 

14.  H. D. Matthews, N. P. Gillett, P. A. Stott, K. Zickfeld, The 
proportionality of global warming to cumulative carbon 
emissions. Nature. 459, 829–832 (2009). 

15.  T. F. Stocker, D. Qin, G.-K. Plattner, L. V. Alexander, S. K. 
Allen, N. L. Bindoff, F.-M. Bréon, J. A. Church, U. 
Cubasch, S. Emori, P. Forster, P. Friedlingstein, N. Gillett, 
J. M. Gregory, D. L. Hartmann, E. Jansen, B. Kirtman, R. 
Knutti, K. K. Kumar, P. Lemke, J. Marotzke, V. Masson-
Delmotte, G. A. Meehl, I. I. Mokhov, S. Piao, V. 
Ramaswamy, D. Randall, M. Rhein, M. Rojas, C. Sabine, 
D. Shindell, L. D. Talley, D. G. Vaughan, S.-P. Xie, 
"Technical Summary" in Climate Change 2013: The 
Physical Science Basis. Contribution of Working Group I 
to the Fifth Assessment Report of the Intergovernmental 
Panel on Climate Change, V. B. Stocker T. F. ,. D. Qin, G. 
K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. Nauels, 
Y. Xia, P. M. Midgley, Eds. (Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA, 
2013), pp. 33–115. 

16.  M. Collins, R. Knutti, J. Arblaster, J.-L. Dufresne, T. 
Fichefet, P. Friedlingstein, X. Gao, W. J. Gutowski, T. 
Johns, G. Krinner, M. Shongwe, C. Tebaldi, A. J. Weaver, 
M. Wehner, "Long-term Climate Change: Projections, 
Commitments and Irreversibility" in Climate Change 
2013: The Physical Science Basis. Contribution of 
Working Group I to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change, V. B. 
Stocker T. F. ,. D. Qin, G. K. Plattner, M. Tignor, S. K. 
Allen, J. Boschung, A. Nauels, Y. Xia, P. M. Midgley, Eds. 
(Cambridge University Press, Cambridge, United 
Kingdom and New York, NY, USA, 2013), pp. 1029–1136. 

17.  IPCC, “Climate Change 2014: Synthesis Report. 
Contribution of Working Groups I, II and III to the Fifth 
Assessment Report of the Intergovernmental Panel on 
Climate Change” (Report, IPCC, 2014). 

18.  IPCC, "Summary for Policymakers" in Global Warming of 
1.5 °C: an IPCC special report on the impacts of global 
warming of 1.5 °C above pre-industrial levels and related 
global greenhouse gas emission pathways, in the 
context of strengthening the global response to the 
threat of climate change, sustainable development, and 
efforts to eradicate poverty, V. Masson-Delmotte, P. 
Zhai, H.-O. Pörtner, D. Roberts, J. Skea, P. R. Shukla, A. 
Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. 

Connors, J. B. R. Matthews, Y. Chen, X. Zhou, M. I. 
Gomis, E. Lonnoy, T. Maycock, M. Tignor, T. Waterfield, 
Eds. (World Meteorological Organization, Geneva, 
Switzerland, 2018; http://www.ipcc.ch/report/sr15/), p. 
32. 

19.  J. Rogelj, D. Shindell, K. Jiang, S. Fifita, P. Forster, V. 
Ginzburg, C. Handa, H. Kheshgi, S. Kobayashi, E. Kriegler, 
L. Mundaca, R. Séférian, M. V. Vilariño, "Mitigation 
pathways compatible with 1.5°C in the context of 
sustainable development" in Global Warming of 1.5 °C: 
an IPCC special report on the impacts of global warming 
of 1.5 °C above pre-industrial levels and related global 
greenhouse gas emission pathways, in the context of 
strengthening the global response to the threat of 
climate change, sustainable development, and efforts to 
eradicate poverty, G. Flato, J. Fuglestvedt, R. Mrabet, R. 
Schaeffer, Eds. (IPCC/WMO, Geneva, Switzerland, 2018; 
http://www.ipcc.ch/report/sr15/), pp. 93–174. 

20.  J. Rogelj, P. M. Forster, E. Kriegler, C. J. Smith, R. 
Séférian, Estimating and tracking the remaining carbon 
budget for stringent climate targets. Nature. 571, 335–
342 (2019). 

21.  J. G. Canadell, P. M. S. Monteiro, M. H. Costa, L. Cotrim 
da Cunha, P. M. Cox, A. V. Eliseev, S. Henson, M. Ishii, S. 
Jaccard, C. Koven, A. Lohila, P. K. Patra, S. Piao, J. Rogelj, 
S. Syampungani, S. Zaehle, K. Zickfeld, "Global Carbon 
and other Biogeochemical Cycles and Feedbacks" in 
Climate Change 2021: The Physical Science Basis. 
Contribution of Working Group I to the Sixth Assessment 
Report of the Intergovernmental Panel on Climate 
Change, V. Masson-Delmotte, P. Zhai, A. Pirani, S. L. 
Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. 
Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, 
J. B. R. Matthews, T. K. Maycock, T. Waterfield, O. 
Yelekçi, R. Yu, B. Zhou, Eds. (Cambridge University Press, 
2021). 

22.  J. Rogelj, S. Smith, S. Yu, "Chapter 3: Net Zero Emissions 
Targets" in The UNEP Emissions Gap Report 2021 (UNEP, 
Nairobi, Kenya, 2021; 
https://www.unep.org/resources/emissions-gap-
report-2021), pp. 18–28. 

23.  H. D. Matthews, K. Caldeira, Stabilizing climate requires 
near-zero emissions. Geophysical Research Letters. 35 
(2008), doi:10.1029/2007gl032388. 

24.  J. Y. Lee, J. Marotzke, G. Bala, L. Cao, S. Corti, J. P. Dunne, 
F. Engelbrecht, E. Fischer, J. C. Fyfe, C. Jones, A. 
Maycock, J. Mutemi, O. Ndiaye, S. Panickal, T. Zhou, 
"Future Global Climate: Scenario-Based Projections and 
Near-Term Information" in Climate Change 2021: The 
Physical Science Basis. Contribution of Working Group I 
to the Sixth Assessment Report of the Intergovernmental 
Panel on Climate Change, V. Masson-Delmotte, P. Zhai, 
A. Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. 
Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. 
Lonnoy, J. B. R. Matthews, T. K. Maycock, T. Waterfield, 



 

 

16/17 

O. Yelekçi, R. Yu, B. Zhou, Eds. (Cambridge University 
Press, 2021). 

25.  IPCC, "Annex VII: Glossary [Matthews, J. B. R., J. S. 
Fuglestvedt, V. Masson-Delmotte, V. Möller, C. Méndez, 
R. van Diemen, A. Reisinger, S. Semenov (ed.)]" in 
Climate Change 2021: The Physical Science Basis. 
Contribution of Working Group I to the Sixth Assessment 
Report of the Intergovernmental Panel on Climate 
Change, V. Masson-Delmotte, P. Zhai, A. Pirani, S. L. 
Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. 
Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, 
J. B. R. Matthews, T. K. Maycock, T. Waterfield, O. 
Yelekçi, R. Yu, B. Zhou, Eds. (Cambridge University Press, 
2021). 

26.  P. Friedlingstein, M. W. Jones, M. O’Sullivan, R. M. 
Andrew, D. C. E. Bakker, J. Hauck, C. Le Quéré, G. P. 
Peters, W. Peters, J. Pongratz, S. Sitch, J. G. Canadell, P. 
Ciais, R. B. Jackson, S. R. Alin, P. Anthoni, N. R. Bates, M. 
Becker, N. Bellouin, L. Bopp, T. T. T. Chau, F. Chevallier, 
L. P. Chini, M. Cronin, K. I. Currie, B. Decharme, L. M. 
Djeutchouang, X. Dou, W. Evans, R. A. Feely, L. Feng, T. 
Gasser, D. Gilfillan, T. Gkritzalis, G. Grassi, L. Gregor, N. 
Gruber, Ö. Gürses, I. Harris, R. A. Houghton, G. C. Hurtt, 
Y. Iida, T. Ilyina, I. T. Luijkx, A. Jain, S. D. Jones, E. Kato, 
D. Kennedy, K. Klein Goldewijk, J. Knauer, J. I. 
Korsbakken, A. Körtzinger, P. Landschützer, S. K. 
Lauvset, N. Lefèvre, S. Lienert, J. Liu, G. Marland, P. C. 
McGuire, J. R. Melton, D. R. Munro, J. E. M. S. Nabel, S.-
I. Nakaoka, Y. Niwa, T. Ono, D. Pierrot, B. Poulter, G. 
Rehder, L. Resplandy, E. Robertson, C. Rödenbeck, T. M. 
Rosan, J. Schwinger, C. Schwingshackl, R. Séférian, A. J. 
Sutton, C. Sweeney, T. Tanhua, P. P. Tans, H. Tian, B. 
Tilbrook, F. Tubiello, G. R. van der Werf, N. Vuichard, C. 
Wada, R. Wanninkhof, A. J. Watson, D. Willis, A. J. 
Wiltshire, W. Yuan, C. Yue, X. Yue, S. Zaehle, J. Zeng, 
Global Carbon Budget 2021. Earth System Science Data. 
14, 1917–2005 (2022). 

27.  G.-J. Nabuurs, R. Mrabet, A. Abu Hatab, M. Bustamante, 
H. Clark, P. Havlik, J. House, C. Mbow, K. N. Ninan, A. 
Popp, S. Roe, B. Sohngen, S. Towprayoon, "Agriculture, 
Forestry and Other Land Uses (AFOLU)" in IPCC, 2022: 
Climate Change 2022: Mitigation of Climate Change. 
Contribution of Working Group III to the Sixth 
Assessment Report of the Intergovernmental Panel on 
Climate Change (Cambridge University Press, 
Cambridge, UK and New York, NY, USA, 2022). 

28.  G. Grassi, J. House, W. A. Kurz, A. Cescatti, R. A. 
Houghton, G. P. Peters, M. J. Sanz, R. A. Viñas, R. Alkama, 
A. Arneth, A. Bondeau, F. Dentener, M. Fader, S. 
Federici, P. Friedlingstein, A. K. Jain, E. Kato, C. D. Koven, 
D. Lee, J. E. M. S. Nabel, A. A. Nassikas, L. Perugini, S. 
Rossi, S. Sitch, N. Viovy, A. Wiltshire, S. Zaehle, 
Reconciling global-model estimates and country 
reporting of anthropogenic forest CO 2 sinks. Nature 
Clim Change. 8, 914–920 (2018). 

29.  G. Grassi, E. Stehfest, J. Rogelj, D. van Vuuren, A. 
Cescatti, J. House, G.-J. Nabuurs, S. Rossi, R. Alkama, R. 
A. Viñas, K. Calvin, G. Ceccherini, S. Federici, S. Fujimori, 
M. Gusti, T. Hasegawa, P. Havlik, F. Humpenöder, A. 
Korosuo, L. Perugini, F. N. Tubiello, A. Popp, Critical 
adjustment of land mitigation pathways for assessing 
countries’ climate progress. Nature Climate Change, 1–
10 (2021). 

30.  L. Rajamani, L. Jeffery, N. Höhne, F. Hans, A. Glass, G. 
Ganti, A. Geiges, National ‘fair shares’ in reducing 
greenhouse gas emissions within the principled 
framework of international environmental law. Climate 
Policy. 21, 983–1004 (2021). 

31.  S. Kartha, T. Athanasiou, S. Caney, E. Cripps, K. Dooley, 
N. K. Dubash, T. Fei, P. G. Harris, C. Holz, B. Lahn, D. 
Moellendorf, B. Müller, J. T. Roberts, A. Sagar, H. Shue, 
P. Singer, H. Winkler, Cascading biases against poorer 
countries. Nature Climate Change. 8, 348–349 (2018). 

32.  K. Dooley, C. Holz, S. Kartha, S. Klinsky, J. T. Roberts, H. 
Shue, H. Winkler, T. Athanasiou, S. Caney, E. Cripps, N. 
K. Dubash, G. Hall, P. G. Harris, B. Lahn, D. Moellendorf, 
B. Müller, A. Sagar, P. Singer, Ethical choices behind 
quantifications of fair contributions under the Paris 
Agreement. Nature Climate Change. 11, 300–305 
(2021). 

33.  The World Bank, World Bank Open Data (Washington 
DC, USA, 2022; https://data.worldbank.org/). 

34.  H. Winkler, T. V. Jayaraman, J. Pan, A. S. de Oliveira, Y. 
Zhang, G. Sant, J. D. G. Miguez, T. Letete, A. Marquard, 
S. Raubenheimer, "Equitable access to sustainable 
development Contribution to the body of scientific 
knowledge A paper by experts from BASIC countries" in 
(2011). 

35.  IPCC, Scientific Assessment of Climate change - Report of 
Working Group I (Cambridge University Press, 
Cambridge, UK, 1990). 

36.  European Environmental Agency, 2022 - 15 March 
submission - Official submission with provisional NIR, 
Greenhouse gas inventories (2022), (available at 
https://cdr.eionet.europa.eu/be/eu/mmr/art07_invent
ory/ghg_inventory/envyjceew/overview). 

37.  J. Rogelj, O. Geden, A. Cowie, A. Reisinger, Three ways 
to improve net-zero emissions targets. Nature. 591, 
365–368 (2021). 

38.  E. Byers, V. Krey, E. Kriegler, K. Riahi, R. Schaeffer, J. 
Kikstra, R. Lamboll, Z. Nicholls, M. Sandstad, C. Smith, K. 
van der Wijst, F. Lecocq, J. Portugal-Pereira, Y. Saheb, A. 
Stromann, H. Winkler, C. Auer, E. Brutschin, C. Lepault, 
E. Müller-Casseres, M. Gidden, D. Huppmann, P. Kolp, G. 
Marangoni, M. Werning, K. Calvin, C. Guivarch, T. 
Hasegawa, G. Peters, J. Steinberger, M. Tavoni, D. van 
Vuuren, A. Al -Khourdajie, P. Forster, J. Lewis, M. 



 

 

17/17 

Meinshausen, J. Rogelj, B. Samset, R. Skeie, AR6 
Scenarios Database (2022), , 
doi:10.5281/zenodo.5886912. 

39.  K. Riahi, R. Schaeffer, J. Arango, K. Calvin, C. Guivarch, T. 
Hasegawa, K. Jiang, E. Kriegler, R. Matthews, G. P. 
Peters, A. Rao, S. Robertson, A. M. Sebbit, J. Steinberger, 
M. Tavoni, D. P. Van Vuuren, "Mitigation pathways 
compatible with long-term goals." in IPCC, 2022: Climate 
Change 2022: Mitigation of Climate Change. 
Contribution of Working Group III to the Sixth 
Assessment Report of the Intergovernmental Panel on 
Climate Change, P. R. Shukla, J. Skea, R. Slade, A. A. 
Khourdajie, R. van Diemen, D. McCollum, M. Pathak, S. 
Some, P. Vyas, R. Fradera, M. Belkacemi, A. Hasija, G. 
Lisboa, S. Luz, J. Malley, Eds. (Cambridge University 
Press, Cambridge, UK and New York, NY, USA, 2022). 

 
 


