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Abstract 6 

Consumption-based and territorial emissions accounting could operate side by side, as 7 

has been proposed by a few countries. However, how such dual accounting aNects 8 

assessments of national mitigation ambition remains unclear. Here, we derive national 9 

carbon budgets and implied net-zero emission years under hypothetical net-zero targets 10 

that cover both territorial and consumption-based emissions within a dual accounting 11 

framework. We apply three eNort-sharing approaches for 91 countries plus the European 12 

Union. Our results show that the derived national mitigation ambitions are sensitive not 13 

only to the eNort-sharing approach used but also to the weight given to territorial versus 14 

consumption-based emissions when assigning responsibility to individual countries. The 15 

impact is strongest for countries with historically large net emissions embodied in trade. 16 

Under a dual accounting framework, the weight given to territorial versus consumption-17 

based emissions when assigning responsibility to individual countries cannot be 18 

determined empirically and constitutes another inherently normative component. 19 



A growing number of countries are setting long-term net-zero emissions targets, based on 20 

the established territorial emission accounting used within international reporting1 . 21 

Territorial emission accounting attributes emissions to the countries where they occur and 22 

benefits from being consistent with a country’s political and economic borders as well as 23 

low statistical uncertainty given that emissions are monitored close to their source2. 24 

Meanwhile, it has been criticized for omitting responsibilities for emissions occurring in 25 

other countries during the production and transportation of imported goods and services3. 26 

Consumption-based emission accounting instead attributes emissions to countries’ end-27 

use of goods and services. Shifting to consumption-based accounting may, however, 28 

introduce new blind spots in countries’ responsibility for reducing the carbon intensity of 29 

exports3, risk reducing the eNectiveness of climate change mitigation policy4, and not fulfil 30 

the transparency frameworks’ requirements stipulated in the Paris Agreement5. In addition, 31 

consumption-based accounting typically has higher uncertainty than territorial6, and it is 32 

unclear whether such a shift would have an overall beneficial eNect on mitigating climate 33 

change7.  34 

An alternative is to implement the two accounting systems alongside each other at the 35 

national level3,5. So far, France has adopted such a complementary consumption-based 36 

target as part of its national low-carbon strategy8,9, and a proposal has been put forth in 37 

Sweden10. Other countries are monitoring consumption-based emissions and considering 38 

policy interventions (e.g., Denmark11 and the United Kingdom (UK)12). Such a dual 39 

accounting framework addresses critiques of territorial emission targets, but adds 40 

complexity to climate policies. This duality also needs to be reflected in the assessment of 41 

national mitigation ambitions in the context of the Paris Agreement’s equity principle13 42 

“common but diNerentiated responsibilities and respective capabilities, in the light of 43 

diNerent national circumstances”.  44 

A large body of literature has proposed diNerent eNort-sharing approaches for allocating 45 

the global carbon budget using territorial accounting14–16, but less focus has been given to 46 

eNort-sharing from a consumption-based perspective. Consumption-based accounting 47 

has been used by Fanning and Hickel17, and Hickel18 to assess countries’ historic 48 

responsibility in relation to a carbon budget estimated based on equal emissions per 49 

capita. However, a dual accounting framework introduces a risk of double-counting 50 

emissions in assessing a country’s responsibility for mitigating climate change since 51 

emissions embodied in the trade of one country’s imports (i.e., consumption-based 52 

emissions) are also accounted for by another country’s exports (i.e., territorial emissions). 53 

The theoretical implications of sharing the responsibility for environmental impacts 54 

between producers and consumers have been discussed for several decades, such as the 55 

dilemma of double-counting of environmental responsibilities2,19,20, justice arguments for 56 



burden-sharing7,21 , and how to operationalize burden-sharing2,20,22–24. To the authors’ 57 

knowledge, no study has yet explored the implications of a dual accounting framework and 58 

complementary mitigation targets on global eNort sharing. 59 

This paper aims to address how a dual accounting framework aNects equity assessments 60 

of national mitigation ambitions. In this study, we estimate individual countries’ required 61 

mitigation targets and national carbon budgets while varying the weight given to territorial 62 

versus consumption-based emissions when assigning responsibility to individual 63 

countries. We focus on the hypothetical case of countries adopting a net-zero emission 64 

year target that encompasses both territorial and consumption-based emissions, inspired 65 

by the recent Swedish policy proposal10, and present results for 91 countries plus the EU 66 

and its member states.  67 

Our analysis is the first to systematically consider how a dual accounting framework 68 

aNects assessments of the mitigation ambitions of countries with complementary 69 

consumption-based targets. The results are expected to be useful for analysts who assess 70 

countries’ mitigation ambitions and provide support for policy-making processes. 71 

Results 72 

National carbon budgets and net-zero emission years across the 73 

weighting spectrum  74 

We highlight results for five jurisdictions – China, the EU, South Africa, Sweden, and the 75 

United States. For each, we show how shifting the weight given to territorial versus 76 

consumption-based emissions in assigning responsibility aNects national carbon budgets 77 

(Figure 1) and implied net-zero emission years under a linear emissions-reduction pathway 78 

(Figure 2). The eNect of the shift in weighting on national carbon budgets and implied net-79 

zero emission years depends on the jurisdiction’s historical emission trends (Figure 3), 80 

which reflect whether the jurisdiction is a net exporter or net importer of emissions 81 

embodied in trade. 82 



 83 

Figure 1. National carbon budget estimates for di3erent e3ort-sharing approaches under the dual accounting 84 
framework. National carbon budgets (x-axis) for di9erent e9ort-sharing approaches (y-axis: historic responsibility from 85 
1990 – cumulative equal emissions per capita; capability – economic and population developments; equality – annual 86 
equal emissions per capita) and for the weight given to territorial versus consumption-based emissions when assigning 87 
responsibility to individual jurisdictions (color scale). Results are provided for the five jurisdictions, a,f – China, b,g – the 88 
European Union, c,h – South Africa, d,i – Sweden, and e,j – United States, and for two global temperature goals, a,b,c,d,e 89 
– 1.5°C with 50% probability, and f,g,h,I,j – 2.0°C with 67% probability. 90 

The remaining carbon budgets for capability and equality are unaNected by the shift in 91 

weighting, as these are forward-looking approaches and independent of the emissions 92 

accounting framework. However, for the historic responsibility approach, past emissions 93 

matter. For the historic responsibility approach and both temperature goals, the EU and 94 

Sweden get a tighter carbon budget by 22.5 GtCO2 and 1.1 GtCO2, respectively, when 95 

shifting the weighting toward consumption-based emissions (Figure 1b, d). This happens 96 

as both jurisdictions have higher historic consumption-based emissions than territorial 97 

emissions (Figure 3b, d). For the EU and under the 1.5°C global warming limit (with a 50% 98 

probability of remaining below the threshold), the carbon budget is negative under both 99 

emissions accounting frameworks, but for Sweden, the shift in weighting results in a shift 100 

from a positive to a negative budget. China and South Africa represent an opposite case 101 

with higher territorial emissions than consumption-based emissions historically (Figure 3a, 102 

c). Here, shifting the weighting toward consumption-based emissions enlarges the 103 

remaining carbon budget by 29.4 GtCO2 and 2.7 GtCO2, respectively (Figure 1a, c). 104 



Under the 1.5°C temperature goal, shifting the weighting toward consumption-based 105 

emissions advances the implied net-zero emission year for all eNort-sharing approaches 106 

that generate a positive carbon budget by up to 1-4 years and 2-9 years for the EU and 107 

Sweden, respectively, depending on the eNort-sharing approach (Figure 2b, d). Meanwhile, 108 

shifting the weighting toward consumption-based emissions pushes the implied net-zero 109 

emission years back for all eNort-sharing approaches that generate a positive carbon 110 

budget by up to 0-6 years and 3-4 years for China and South Africa, respectively, depending 111 

on the eNort-sharing approach (Figure 2a, c). Notably, both the US and the EU carry 112 

negative carbon budgets under the historic responsibility approach at 1.5°C, precluding a 113 

finite net-zero year under either full territorial or full consumption-based weighting. This 114 

also applies to Sweden when shifting the weighting towards consumption-based 115 

emissions. Conversely, South Africa's budget turns negative when shifting the weighting 116 

towards territorial emissions. 117 

 118 

Figure 2. Implied net-zero emission year under a linear emissions reduction pathway for di3erent e3ort-sharing 119 
approaches under the dual accounting framework. Implied net-zero emission year (x-axis) for di9erent e9ort-sharing 120 
approaches (y-axis: historic responsibility from 1990 – cumulative equal emissions per capita; capability – economic and 121 
population developments; equality – annual equal emissions per capita) and the weight given to territorial versus 122 
consumption-based emissions when assigning responsibility to individual jurisdictions (color scale). Results are provided 123 
for the five jurisdictions, a,f – China, b,g – the European Union, c,h – South Africa, d,i – Sweden, and e,j – United States, 124 
and for two global temperature goals, a,b,c,d,e – 1.5°C with 50% probability, and f,g,h,I,j – 2.0°C with 67% probability. 125 

These patterns still hold qualitatively under the 2.0°C warming limit (with a 67% probability 126 

of remaining below the threshold), but the larger global carbon budget amplifies both the 127 



absolute implied net-zero years and the range in the results when shifting across the 128 

territorial-consumption-based spectrum. These eNects are particularly clear for 129 

jurisdictions with large diNerences in emission trends between the two accounting 130 

frameworks (e.g., Sweden and South Africa, Figure 2h, i). While the absolute diNerence in 131 

carbon budgets remains the same regardless of temperature goal, the shift in implied net-132 

zero emission year is brought forward by 61 years under the historic responsibility 133 

approach for Sweden and pushed back by 20 years for South Africa when shifting the 134 

weighting toward consumption-based emissions. The US shows comparatively small 135 

diNerences between accounting frameworks (Figure 3e), resulting in modest shifts in the 136 

implied net-zero emission year of up to 2 years, even under the 2.0°C temperature goal. 137 

 138 

Figure 3. Historic per-capita emission trends compared to world average. a China, b European Union, c South Africa, d 139 
Sweden, and e United States. Time series (x-axis) are provided for the period 1990-2021 and depending on the accounting 140 
framework (line type). A time series for global average emissions per capita (solid line) is provided in each panel for 141 
comparison. 142 

Comparing net-zero emission years across all jurisdictions 143 

For all jurisdictions, we show how the implied net-zero emission year (up until 2100) shifts 144 

when moving from full weight on territorial emissions to full weight on consumption-based 145 

emissions. For emissions embodied in trade, this is equivalent to shifting full responsibility 146 

from the exporting countries to the importing countries. Emissions occurring within a 147 

country to produce goods and services used domestically remain unaNected by the 148 

weighting. Results are, hence, compared to the embodied emissions balance, the relative 149 

diNerence between the jurisdiction’s consumption-based and territorial emissions, in 150 

Figure 4 and compared to economic development according to the World Bank’s 151 

classification25 in Figure 5. If a jurisdiction’s result is on the identity line, the implied net-152 

zero emission year is equal regardless of how weight is shifted between territorial and 153 

consumption-based emissions. We also show how jurisdictions transition outside the 154 



range of these graphs, i.e., towards negative carbon budgets or implied net-zero emission 155 

years beyond 2100 (Figure 6).  156 

 157 

Figure 4. Implied net-zero emission years compared to embodied emissions balance. Implied net-zero emission year 158 
for the 91 countries and the European Union when full weight is given to territorial (y-axis) or consumption-based (x-axis) 159 
emissions in assigning responsibility to individual jurisdictions, for the e9ort-sharing approaches, a,d – historic 160 
responsibility from 1990 (cumulative equal emissions per capita), b,e – capability (economic and population 161 
developments), c,f – equality (annual equal emissions per capita), for two global temperature goals, a,b,c – 1.5°C with 162 
50% probability, and d,e,f – 2.0°C with 67% probability, depending on the jurisdiction’s embodied emission balance, i.e. 163 
relative di9erence between consumption-based and territorial emissions (color). The embodied emission balance 164 
represents the country’s relative di9erence between accounting systems for the last year for capability and equality, while 165 
representing the cumulative balance since 1990 for historic responsibility, due to the approaches methodological 166 
di9erences. Jurisdictions that move more than five years when shifting the weighting are highlighted with their ISO-code. 167 

As indicated in the five-jurisdiction analysis (Figure 1 and Figure 2), the direction of shift is 168 

strongly influenced by each jurisdiction’s embodied emissions balance. Figure 4 shows 169 

that a positive embodied emissions balance, where consumption-based emissions are 170 

larger than territorial emissions, generally results in an earlier implied net-zero emission 171 

year when shifting the weighting toward consumption-based emissions, and vice versa. 172 



The eNect is less pronounced for jurisdictions with initially small carbon budgets relative to 173 

their annual emissions, resulting in near-term implied net-zero emission years, such as 174 

Switzerland for capability compared to equality. Results for EU member states are 175 

available in Extended Data Figure 2. 176 

 177 

Figure 5. Implied net-zero emission years compared to economic development level. Implied net-zero emission year 178 
for the 91 countries and the European Union when full weight is given to territorial (y-axis) or consumption-based (x-axis) 179 
emissions in assigning responsibility to individual jurisdictions, for the e9ort-sharing approaches, a,d – historic 180 
responsibility from 1990 (cumulative equal emissions per capita), b,e – capability (economic and population 181 
developments), c,f – equality (annual equal emissions per capita), for two global temperature goals, a,b,c – 1.5°C with 182 
50% probability, and d,e,f – 2.0°C with 67% probability, depending on the jurisdiction’s level of economic development 183 
(color). Jurisdictions that move more than five years when shifting the weighting are highlighted with their ISO-code. 184 

The strongest shifts (>20 years) towards earlier implied net-zero emission years when 185 

shifting the weighting toward consumption-based emissions are observed among high- or 186 



upper-middle-income jurisdictions as well as for three lower-middle-income jurisdictions 187 

under the 1.5°C temperature goal (Figure 5): Sri Lanka (40 years earlier under capability), 188 

Cambodia (30 years earlier under equality), and Kyrgyz Republic (22 years earlier under 189 

equality). The strongest shifts towards later implied net-zero emission years (>20 years) for 190 

high- and upper-middle-income jurisdictions are observed for Mauritius (44 years later 191 

under historic responsibility from 1990), Paraguay (32 years later under equality), and 192 

Costa Rica (21 years later under equality). For the 2°C temperature goal, the strongest 193 

shifts (>20 years) towards earlier implied net-zero emission years when shifting the 194 

weighting toward consumption-based emissions include Costa Rica (23 years earlier under 195 

capability) and Singapore (20 years earlier under capability), while net-zero is pushed back 196 

for South Africa (20 years later under historic responsibility from 1990). 197 

Since only a subset of jurisdictions have implied net-zero emission years during the period 198 

2024-2100 (shown in Figure 4 and Figure 5), we here consider diNerences in the number of 199 

jurisdictions with negative budgets and implied net-zero emission years after 2100, and 200 

how this is aNected by shifting the weighting toward consumption-based emissions (Figure 201 

6). Implied net-zero emission years occur after 2100 for low-income jurisdictions under all 202 

eNort-sharing approaches and both temperature goals, and for lower-middle-income 203 

jurisdictions under historic responsibility except for one country and the 1.5°C temperature 204 

goal. The implied net-zero emission years for lower-middle-income jurisdictions mainly 205 

occur after 2100 for capability (19 and 27 for the 1.5°C and 2.0°C temperature goals, 206 

respectively, with two jurisdictions getting earlier net-zero emission years when shifting the 207 

weighting) and for equality (17 and 29 for the 1.5°C and 2.0°C temperature goals with an 208 

additional two and one jurisdictions when shifting the weighting, respectively). Even though 209 

lower-middle- and low-income jurisdictions generally have an implied net-zero year after 210 

2100 – due to their currently low emission levels as compared to their assigned carbon 211 

budgets for the diNerent eNort-sharing approaches – the eNects of shifting the weighting 212 

toward consumption-based emissions are prevalent also within these income categories. 213 

Given that most of these jurisdictions have larger consumption-based emissions than 214 

territorial (i.e., a positive embodied emission balance in Extended Data Figure 1), the shift 215 

in weighting results in an earlier implied net-zero emission year also for jurisdictions in the 216 

Net-zero after 2100 category, except for Burkina Faso, Lao PDR, Honduras, Viet Nam, India, 217 

Tunisia, Indonesia, and Jamaica, whose implied net-zero years are all pushed back by more 218 

than five years. Upper-middle-income jurisdictions are mixed between categories under all 219 

approaches. Meanwhile, negative budgets only arise under historic responsibility – since 220 

equality and capability budgets are always non-negative – and are concentrated among 221 

high-income jurisdictions (20 and 16 for the 1.5°C and 2.0°C temperature goals with an 222 

additional two and four jurisdictions when shifting the weighting, respectively). Few high-223 



income jurisdictions have implied net-zero emission years beyond 2100: one for historic 224 

responsibility (1.5°C temperature goal) and one for equality (2.0°C temperature goal), both 225 

with two additional when shifting the weighting, as well as three for historic responsibility 226 

(2.0°C temperature goal).  227 

 228 

Figure 6. Number of jurisdictions with negative budget, net-zero before 2100, and net-zero after 2100. Sankey 229 
diagrams showing the number of jurisdictions that transition to or from the groups: negative budget, net-zero before 2100 230 
and net-zero after 2100 when shifting the weight from territorial to consumption-based emissions when assigning 231 
responsibility to individual jurisdictions, for the e9ort-sharing approaches, a,d – historic responsibility from 1990 232 
(cumulative equal emissions per capita), b,e – capability (economic and population developments), c,f – equality (annual 233 
equal emissions per capita), for two global temperature goals, a,b,c – 1.5°C with 50% probability, and d,e,f – 2.0°C with 234 
67% probability, depending on the jurisdiction’s level of economic development (color). 235 

Detailed results on the implied net-zero emission year for all jurisdictions are available in 236 

Extended Data Figure 3 for the 1.5°C temperature goal and Extended Data Figure 4 for the 237 

2.0°C temperature goal; Extended Data Figure 5 and Extended Data Figure 6 show results 238 

for EU member states for the respective temperature goals. Estimated carbon budgets are 239 

available in Extended Data Figure 7 for the 1.5°C temperature goal and Extended Data 240 



Figure 8 for the 2.0°C temperature goal; Extended Data Figure 9 and Extended Data Figure 241 

10 show results for EU member states for the respective temperature goals. 242 

Discussion 243 

Our results show a notable diNerence in both national carbon budgets and implied net-zero 244 

emission years for many countries when shifting the weight given to territorial versus 245 

consumption-based emissions for assigning responsibility to individual countries. 246 

However, unequivocally determining where in this range fair emission attribution lies goes 247 

beyond value-neutral scientific reasoning but rather depends on philosophical 248 

standpoints. A review of philosophical arguments for how to account for emissions in the 249 

context of allocating the carbon budget finds consensus that producers and consumers 250 

should be considered jointly responsible since they both benefit from the production of 251 

goods and services21. Duus-Otterström and Hjorthen7 consider both the demand for 252 

products and services (emanating from consumers and, by extension, the countries where 253 

they reside) and producers’ positive response to this demand necessary for giving rise to 254 

emitting activities. Meanwhile, Duus-Otterström and Hjorthen7 argue that the joint 255 

responsibility does not necessarily mean equally divided attribution and that the attribution 256 

level rather depends on the specific supply chain (e.g., agency of actors along the supply 257 

chain to reduce emissions). Rodrigues et al.20 instead argue that the responsibility is equal 258 

for both producers and consumers and that any environmental indicator, therefore, should 259 

attribute 50% of the environmental impacts to each. Another alternative is to use current 260 

trade patterns to determine the level of attribution between countries. Andrew and Forgie23 261 

attributed emissions based on each industry sector’s value added in the supply chain using 262 

data from multi-regional input-output analysis. Csutora and Vetőné Mózner24 suggest using 263 

real-world data on imports and exports to determine which country benefited the most 264 

from producing versus consuming goods and services. In this case, an attribution to 265 

consumers is estimated using the value passed along the supply chains of products and 266 

services, whereas producers are attributed emissions corresponding to the value added in 267 

proportion to total output for domestic production. While the latter two approaches are 268 

grounded in data, that is also their limitation since countries’ future carbon budgets then 269 

also become intertwined with current trade patterns. Ultimately, we consider the weight 270 

given to territorial versus consumption-based emissions when assigning responsibility to 271 

individual countries to be another normative assumption needed when assessing national 272 

mitigation ambitions, similar to other uncertainties26 (e.g., the carbon budget chosen to 273 

represent a given temperature goal, the choice of eNort-sharing approach, and 274 

assumptions made in the calculation of national carbon budgets). 275 



Many countries may need to delay emission reductions to catch up in terms of economic 276 

development, especially the least developed countries, which also currently respond to a 277 

small share of global emissions1. Our approach assumes a linear emission reduction 278 

pathway from current emission levels to an implied net-zero emission year, consistent with 279 

the country’s carbon budget. The approach results in notably late implied net-zero 280 

emission years for jurisdictions with low economic development and historic emissions. 281 

This indicates room for these jurisdictions to delay the phase-out of carbon dioxide-282 

emitting sources, which could be accounted for by assuming diNerent national emission 283 

pathways for developing economies (e.g., as implemented by Anderson et al.27), but that 284 

would in itself require additional assumptions. Further, eNort-sharing approaches that 285 

consider historic responsibility for emissions often result in negative carbon budgets for 286 

countries with large historic emissions. Countries with negative carbon budgets are, in our 287 

analysis, at a high or upper-middle level of economic development, but could not 288 

practically achieve net-negative emissions from day one despite their economic strength. 289 

In contrast to the countries with late implied net-zero emission years, the negative carbon 290 

budgets indicate a need for reallocating emission space between countries, where 291 

economically stronger countries could finance a faster transition towards a low-carbon 292 

economy in countries at lower levels of economic development. Hahn et al.28 show that 293 

many countries may not use all their territorial emission allowances when comparing 294 

countries’ estimated carbon budgets to their future claims if their emission reduction 295 

targets are achieved. The comparison indicates emission allowances available for transfer, 296 

but also that such a reallocation of emission allowances is not enough to meet the 1.5°C 297 

temperature goal. In that case, carbon dioxide removal combined with increased ambition 298 

levels for domestic mitigation would be required. 299 

We define net-zero emissions as territorial and consumption-based fossil carbon dioxide 300 

emissions reaching zero. In practice, adopted territorial net-zero emissions targets often 301 

have a more complex design: (i) encompassing additional greenhouse gases, (ii) 302 

sometimes including international transport and including all or some of emissions and 303 

removals from land-use, land-use change and forestry, (iii) allowing for limited use of 304 

carbon dioxide removal and internationally traded mitigation outcomes29. First, our choice 305 

of which greenhouse gases to include in the analysis is limited by available data for the 306 

large set of countries analyzed. Even if data were available, the diNerences in logic between 307 

fossil carbon dioxide and other greenhouse gases also limit the scope of national carbon 308 

budget calculations, since short-lived greenhouse gases do not exhibit the linear 309 

relationship between temperature impact and cumulative emissions necessary for using a 310 

cumulative budget approach30. Nevertheless, emissions of these gases still need to be 311 

drastically reduced for the assumed carbon budget to be consistent with its associated 312 



warming level31. Second, national data are lacking on consumption-based emissions and 313 

removals in land-use, land-use change, and forestry and international transport; hence, 314 

they are allocated to the Rest of World pool, and constitute a limitation of our study. Third, 315 

both carbon dioxide removal and internationally traded mitigation outcomes can be treated 316 

as domestic mitigation contributions and may be reflected in both accounting frameworks 317 

in parallel if they are used to oNset the domestic emissions associated with consumption 318 

within national borders. However, this requires strict separation from contributions that are 319 

intended to oNset emissions embodied in trade to avoid double-counting across countries 320 

and accounting systems. 321 

Online Methods 322 

Combining territorial and consumption-based emissions 323 

We define an environmental responsibility indicator, !!  (see Equation (1)), and introduce a 324 

relative weight factor, ", that determines the weight given to territorial versus consumption-325 

based emissions when assigning responsibility to individual countries.  326 

!! = !" ⋅ (1 − ") + !# ⋅ ", (1) 
 327 

where " ranges from 0 to 1. 0 means that full weight is placed on territorial emissions when 328 

assigning responsibility to individual countries, whereas 1 means that full weight is placed 329 

on consumption-based emissions when assigning responsibility to individual countries.  330 

This approach is similar to Peters2, who show how responsibility can be shared between 331 

production-based and consumption-based emission inventories using a weighting factor. 332 

Territorial emissions are equivalent to production-based, except that they do not allocate 333 

international transport emissions to individual countries2. We use territorial emissions 334 

nonetheless due to their use in the design of current net-zero emission year targets within 335 

the scope of the Paris Agreement. 336 

One can note that emissions occurring within a country to produce goods and services 337 

used domestically, !$, are accounted for in both approaches and, hence, not aNected by " 338 

(see Equation (2)). 339 

!! = !$ + !% ⋅ (1 − ") + !& ⋅ ", (2) 
 340 



where !%  represents territorial emissions occurring in the country for the production of 341 

exported goods and services and !&  represents the embodied emissions in imported goods 342 

and services. 343 

Estimating national carbon budgets 344 

The ambition level of national mitigation ambitions is commonly assessed by comparing 345 

the future policy-consistent GHG emissions pathway(s) of a country with the country’s 346 

allocated share of global future GHG emissions, based on that national mitigation 347 

ambitions should “reflect equity and the principle of common but diNerentiated 348 

responsibilities and respective capabilities, in the light of diNerent national 349 

circumstances”13. Estimating a country’s share in the global GHG emissions budget 350 

ultimately comes down to eNort sharing in global climate action. There is a large body of 351 

research that tries to quantify the statements around eNort sharing in the Paris Agreement 352 

(e.g., van den Berg et al.15, Robiou du Pont et al.16 , and Höhne et al.32). A critique of these 353 

studies is that they claim value-neutrality by showcasing results for a limited number of 354 

eNort-sharing approaches without excluding ones that rely on grandfathering, which is not 355 

consistent with the fairness principles of the Paris Agreement26,33.  356 

Since this study aims to highlight an additional complexity in eNort sharing if countries 357 

impose emission reduction targets on both consumption-based and territorial emissions, 358 

we rely on previous studies on how to allocate the global carbon budget to individual 359 

countries. We consider three eNort-sharing approaches: (i) historic responsibility – equal 360 

cumulative emissions per capita from a given starting year15, (ii) equality – annual equal 361 

emissions per capita15, and (iii) capability – based on gross domestic product (GDP) and 362 

population16. Due to a lack of data for earlier years, we only consider historic responsibility 363 

from 1990 for equal cumulative emissions per capita.  364 

The eNort-sharing approaches are forward-looking in diNerent ways, requiring projected 365 

global emission levels, population levels, or economic production (i.e., GDP). We assume 366 

that the global emissions pathway is assumed to be linear towards a future net-zero 367 

emission year. The net-zero emission year is denoted *'(), and calculated using Equation 368 

(3), and the global emissions pathway, being !*+!,$(*), is estimated using Equation (4). 369 

*'() = 2024 + -.!"#$%"
/&#'"((123435) ⋅ 2  (3) 

 370 

!*+!,$(*) =
⎩⎪⎨
⎪⎧!*+!,$(2023) ⋅ 31 − 173435.9

1!)*7343:4 , 2024 ≤ * ≤ *'() − 1
/&#'"((3435)
3(1!)*7343:) ⋅ (*'() − *)3, * < *'() < * + 10, * ≥ *'()

  

 

(4) 



 371 

The carbon budget, 9:&, for country, ;, is estimated using Equation (5) for equal cumulative 372 

emissions per capita (i.e., historic responsibility) from a given starting year, <, to an end 373 

year that we assume to be the same as when the global carbon budget is exhausted at year 374 *'()  .  375 

9:& = =9:',+;<, +∑ !*+!,$(*)343512= ? ⋅ ∑ ?+(1),!)*
,-.

∑ ?&#'"((1),!)*
,-.

− ∑ !!,&(*)343512= , (5) 

 376 

where 9:',+;<,  is the global carbon budget, !*+!,$  are annual global emissions, @*+!,$  is 377 

the global population, and @&  is the population of country, ;, all for year *. Finally, !!,&  378 

denotes the weighted emissions in year, *, for country, ;, computed from territorial and 379 

consumption-based emissions using Equation (1). 380 

When using annually equal emissions per capita (i.e., equality) as the eNort-sharing 381 

approach, the carbon budget for country, ;, is estimated based on the annual global 382 

emissions pathway, !*+!,$, and the population projections for the country, @&, and globally, 383 @A+!,$  , as expressed in Equation (6). 384 

9:& = ∑ !*+!,$(*) ⋅ ?+(1)
?&#'"((1)

1!)*
12343:   (6) 

 385 

For the capability eNort sharing approach, the carbon budget for the country, ;, is 386 

estimated based on population projections, @&, for the country as well as the country’s 387 

economic production, AB@&, in comparison to all countries in the sample, as expressed in 388 

Equation (7). Note that “all countries” treat countries not included in the sample as one 389 

single “rest of world” region, which may aNect the results, and that European Union 390 

member states are included individually. 391 

9:& = ∑ !*+!,$(*) ⋅ C ?+/ 'B?+C

∑ ?0/ 'B?0C
0-{%""	3#456'+7.}

D1!)*
12343: . (7) 

 392 

Implied net-zero emission year target 393 

In addition to the national carbon budget results, an implied net-zero emission year is 394 

estimated since a carbon budget in relation to the environmental responsibility, !!, is 395 

diNicult to interpret. The implied net-zero year, E!, when a country’s emissions based on 396 

the environmental responsibility, !!, should be zero, is estimated by assuming a linear 397 



pathway to the net-zero year. The pathway is anchored at the observed 2023 emission 398 

levels for each country and then exhausting the remaining carbon budget from 2024 399 

onward. Annual emissions in 2023 are treated as the emissions level at the start of 2024. 400 

E! = 2024 + -.+
/'(343D) ⋅ 2	, (8) 

 401 

Note that we use the implied net-zero emission year for each country to showcase the 402 

impact of the weighting between territorial and consumption-based emissions. While 403 

useful for the points made here, this indicator is only illustrative and many developing 404 

countries may require an emission pathway that allows for a potential increase in the 405 

short-term and/or stagnation followed by an eventual decline in emissions. 406 

Data sources 407 

This study uses publicly available data to facilitate replication of the results. The global 408 

carbon budgets are assumed to be 500 GtCO2 and 1,150 GtCO2, representing holding the 409 

global temperature increase below 1.5°C with 50% probability and below 2°C with 67% 410 

probability, respectively, based on estimates from the IPCC’s sixth assessment report34 and 411 

adjusted with data from the Global Carbon Project35 to establish the remaining budget from 412 

January 2024 onwards.  413 

Territorial and consumption-based emission time series come from the Global Carbon 414 

Project35 (i.e., the National Fossil Carbon Emissions dataset). The analysis covers all 415 

jurisdictions with available historic territorial and consumption-based emissions for the 416 

period 1990-2023 (91 countries plus the EU and its member states). Territorial and 417 

consumption-based emissions for these jurisdictions cover 83% and 84% of global 418 

emissions (based on the estimates in the Global Carbon Budget dataset from the Global 419 

Carbon Project35), respectively. The remaining emissions are pooled as “Rest of world”. 420 

Note that net emissions from land-use change as well as international shipping and 421 

aviation are included in the “Rest of world”-pool for both territorial and consumption-422 

based emissions since the Global Carbon Project lacks national allocation of these 423 

emissions. 424 

Historic data on GDP and population are based on the World Bank25 and the United 425 

Nations36, respectively. Future projections on GDP and population are based on the second 426 

socioeconomic pathway (SSP2)37,38 to ensure internal consistency between GDP and 427 

population projections. 428 



Data availability 429 

The data used for generating all graphs have been made available for peer review and will 430 

be preserved in a Zenodo data repository upon completion of the peer-review process. 431 

Code availability 432 

The code is written in R and available in the GitHub repository, 433 

https://github.com/morfeldt/ENortSharingTerritorialvsConsumptionBased. The final code 434 

used for generating the results for this article will be preserved in a Zenodo data repository 435 

upon completion of the peer-review process. 436 
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 547 

Extended Data Figure 1. Relative embodied emissions balance in 2023 and cumulative embodied emissions balance. Consumption-548 
based emissions minus territorial emissions divided by territorial emissions (i.e., relative embodied emissions balance) for the latest year, 549 
2023 (x-axis), compared to cumulatively over the period 1990-2023 (y-axis) for jurisdictions at di9erent levels of economic development 550 
(color). Jurisdictions with an absolute embodied emissions balance exceeding 25% are highlighted with their ISO-code. 551 

552 



 553 

Extended Data Figure 2. Implied net-zero emission years compared to embodied emissions balance – European Union member states. 554 
Implied net-zero emission year for European Union member states when full weight is given to territorial (y-axis) or consumption-based (x-555 
axis) emissions in assigning responsibility to individual jurisdictions, for the e9ort-sharing approaches, a,d – historic responsibility from 1990 556 
(cumulative equal emissions per capita), b,e – capability (economic and population developments), c,f – equality (annual equal emissions per 557 
capita), for two global temperature goals, a,b,c – 1.5°C with 50% probability, and d,e,f – 2.0°C with 67% probability, depending on the 558 
jurisdiction’s embodied emissions balance, i.e. relative di9erence between consumption-based and territorial emissions (color). The 559 
embodied emission balance represents the country’s relative di9erence between accounting systems for the last year for capability and 560 
equality, while representing the cumulative balance since 1990 for historic responsibility, due to the approaches’ methodological di9erences. 561 
Jurisdictions that move more than five years when shifting the weighting are highlighted with their ISO-code. 562 



 563 
Extended Data Figure 3. Implied net-zero emission year for di3erent e3ort-sharing approaches under the dual accounting framework. 564 
Implied net-zero emission year (x-axis) for di9erent e9ort-sharing approaches, a – historic responsibility from 1990 (cumulative equal 565 
emissions per capita), b – capability (economic and population developments), c – equality (annual equal emissions per capita), and the 566 
weight given to territorial versus consumption-based emissions when assigning responsibility to individual jurisdictions (color scale). The 567 
allocated global carbon budget aims to achieve a temperature goal of holding global mean temperature increase to below 1.5°C with 50% 568 
probability. 569 



 570 
Extended Data Figure 4. Implied net-zero emission year for di3erent e3ort-sharing approaches under the dual accounting framework. 571 
Implied net-zero emission year (x-axis) for di9erent e9ort-sharing approaches, a – historic responsibility from 1990 (cumulative equal 572 
emissions per capita), b – capability (economic and population developments), and c – equality (annual equal emissions per capita), and the 573 
weight given to territorial versus consumption-based emissions when assigning responsibility to individual jurisdictions (color scale). The 574 
allocated global carbon budget aims to achieve a temperature goal of holding global mean temperature increase to below 2°C with 67% 575 
probability. 576 



  577 
Extended Data Figure 5. Implied net-zero emission year for di3erent e3ort-sharing approaches under the dual accounting framework – 578 
European Union member states. Implied net-zero emission year (x-axis) for di9erent e9ort-sharing approaches, a – historic responsibility 579 
from 1990 (cumulative equal emissions per capita), b – capability (economic and population developments), and c – equality (annual equal 580 
emissions per capita), and the weight given to territorial versus consumption-based emissions when assigning responsibility to individual 581 
jurisdictions (color scale). The allocated global carbon budget aims to achieve a temperature goal of holding global mean temperature 582 
increase to below 1.5°C with 50% probability. 583 

 584 
Extended Data Figure 6. Implied net-zero emission year for di3erent e3ort-sharing approaches under the dual accounting framework – 585 
European Union member states. Implied net-zero emission year (x-axis) for di9erent e9ort-sharing approaches, a – historic responsibility 586 
from 1990 (cumulative equal emissions per capita), b – capability (economic and population developments), and c – equality (annual equal 587 
emissions per capita), and the weight given to territorial versus consumption-based emissions when assigning responsibility to individual 588 
jurisdictions (color scale). The allocated global carbon budget aims to achieve a temperature goal of holding global mean temperature 589 
increase to below 2°C with 67% probability. 590 

 591 



 592 
Extended Data Figure 7. National carbon budget estimates for di3erent e3ort-sharing approaches. National carbon budgets (x-axis) for 593 
di9erent e9ort-sharing approaches, a – historic responsibility from 1990 (cumulative equal emissions per capita), b – capability (economic 594 
and population developments), and c – equality (annual equal emissions per capita), and when full weight is given to territorial (red) or 595 
consumption-based (blue) emissions in assigning responsibility to individual jurisdictions. The allocated global carbon budget aims to 596 
achieve a temperature goal of holding global mean temperature increase to below 1.5°C with 50% probability. 597 



 598 
Extended Data Figure 8. National carbon budget estimates for di3erent e3ort-sharing approaches. National carbon budgets (x-axis) for 599 
di9erent e9ort-sharing approaches, a – historic responsibility from 1990 (cumulative equal emissions per capita), b – capability (economic 600 
and population developments), and c – equality (annual equal emissions per capita), and when full weight is given to territorial (red) or 601 
consumption-based (blue) emissions in assigning responsibility to individual jurisdictions. The allocated global carbon budget aims to 602 
achieve a temperature goal of holding global mean temperature increase to below 2°C with 67% probability. 603 



 604 
Extended Data Figure 9. National carbon budget estimates for di3erent e3ort-sharing approaches – European Union member states. 605 
National carbon budgets (x-axis) for di9erent e9ort-sharing approaches, a – historic responsibility from 1990 (cumulative equal emissions per 606 
capita), b – capability (economic and population developments), and c – equality (annual equal emissions per capita), and when full weight is 607 
given to territorial (red) or consumption-based (blue) emissions in assigning responsibility to individual jurisdictions. The allocated global 608 
carbon budget aims to achieve a temperature goal of holding global mean temperature increase to below 1.5°C with 50% probability. 609 

 610 
Extended Data Figure 10. National carbon budget estimates for di3erent e3ort-sharing approaches – European Union member states. 611 
National carbon budgets (x-axis) for di9erent e9ort-sharing approaches, a – historic responsibility from 1990 (cumulative equal emissions per 612 
capita), b – capability (economic and population developments), and c – equality (annual equal emissions per capita), and when full weight is 613 
given to territorial (red) or consumption-based (blue) emissions in assigning responsibility to individual jurisdictions. The allocated global 614 
carbon budget aims to achieve a temperature goal of holding global mean temperature increase to below 2°C with 67% probability. 615 


