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 5 

Carbon taxation is regarded as an essential tool for curbing carbon emissions but can be 6 

regressive and increase poverty, and moreover lacks universal acceptance among the 7 

public and policymakers. Recycling the tax revenue raised to vulnerable households is one 8 

promising solution to this issue. However, little is known about the best strategy for 9 

designing such a policy at the global level. This paper investigates the effectiveness of 10 

various carbon taxation methods and revenue recycling mechanisms in reducing poverty 11 

and inequality between and within countries. We find that the policy mix with the highest 12 

poverty reduction potential is implementing a consumption tax with higher tax rates on 13 

luxury goods and recycling revenue through expanded social assistance systems, in line 14 

with the expansion during the COVID-19 pandemic. While differentiating tax rates across 15 

goods within countries is advantageous, the average tax level across countries is best kept 16 

uniform since it potentially offers governments in low- and middle-income countries more 17 

financial capacity to support the poor. Furthermore, collecting a global climate fund from 18 

developed countries and redistributing it to developing countries based on poverty 19 

headcounts can further significantly reduce poverty and inequality within and between 20 

countries. However, substantial improvements in social assistance systems are urgently 21 

needed to further unlock the poverty-reduction potential of revenue recycling, particularly 22 

in Sub-Saharan African countries. Also, recycling carbon tax revenues to combat poverty 23 

and inequality will inhibit the emission reduction effect of carbon taxation in the short 24 

term, necessitating additional mitigation efforts in other areas.  25 
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Global carbon emissions are expected to reach a new high in 20221. If current trends continue, 26 

the increase in CO2 concentration will warm the Earth to 1.5°C above pre-industrial levels in less 27 

than a decade1. The 1.5/2°C global warming target will be nearly impossible unless we take 28 

aggressive mitigation actions. Carbon taxation is regarded as an effective and necessary tool for 29 

reducing carbon emissions2,3. However, achieving a just transition and balancing the conflicts 30 

between carbon taxation and its potentially negative side effects on other SDGs, particularly 31 

poverty eradication (SDG 1) and inequality reduction (SDG 10), is a challenge4,5. 32 

Numerous studies report adverse effects of carbon taxation on poverty and inequality. First, 33 

carbon taxation tends to burden poor households the most and exacerbate poverty6,7. This is due 34 

to poor households consuming proportionally more necessities such as food, energy and 35 

manufacturing goods that tend to be carbon intensive, even though in absolute terms the 36 

consumption of high-income households contributes the dominant share of carbon emissions8–10. 37 

A wealth of empirical evidence suggests that carbon taxation is typically regressive in high-38 

income countries and progressive in low- and middle-income countries, implying that carbon 39 

taxation has varying side effects with respect to economic inequality11–17. 40 

The concerns surrounding vulnerable populations and worsening inequality are a critical factor 41 

that undermines the public's willingness to support carbon tax policies18. Designing a tax revenue 42 

recycling mechanism to offset the negative impact of carbon taxation and even further help to 43 

improve other social goals may make it (more) politically feasible19,20. The performance of 44 

several mechanisms, such as a universal lump-sum transfer21–25 or redistributing the tax revenue 45 

to specific low-income households (e.g., the poorest 40%)17,22,26, as well as international revenue 46 

recycling through a global climate fund21,23,25,27 have started to be investigated. The idea of a 47 

global climate fund aligns with the fact that many developed countries have committed to 48 

providing official development assistance (ODA) to developing countries28. Also, the global 49 

partnership for sustainable development is emphasised by SDG 17 (Partnerships for the Goals). 50 

All these studies and policy documents have demonstrated the considerable potential of tax 51 

revenue recycling in alleviating poverty. 52 

However, existing research is still unclear on some critical issues, particularly regarding the most 53 

effective taxation design and revenue-recycling strategies to households. Potential approaches to 54 

a carbon tax include a production tax that targets companies, much like in the cap-and-trade 55 

schemes, or in contrast, a tax on consumption based on the carbon footprint of products. There 56 

are also some notable variants of these two methods, such as introducing heterogeneity into 57 

carbon pricing across countries as tested by Bauer et al.27 or a tax on luxury consumption 58 

proposed by Oswald et al.17, which assigns a higher tax rate to luxury goods relative to necessity 59 

goods. For domestic revenue recycling, previous studies tend to lack consideration of countries' 60 
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implementation capacity. For example, the social assistance system in some countries may be 61 

unable to fully redistribute the tax revenue to the poorest 40% population; recent evidence shows 62 

that around half of the global population is not covered by social protection29. Also, numerous 63 

options for international revenue recycling exist, such as transferring a certain share of carbon 64 

tax revenue from rich nations to poor nations23, pooling global tax revenue and distributing equal 65 

per capita across the globe25. These raises a number of interesting questions: What are the 66 

poverty and inequality consequences of various taxation and revenue recycling strategies? Which 67 

is the best policy mix on the global scale? How would such policies affect global carbon 68 

emissions? The answers to these questions could shed light on how to strike a balance between 69 

climate action and other social goals. 70 

In this paper, we test a large variety of possible carbon taxation designs and revenue recycling 71 

mechanisms and study their impacts across 168 countries. We start by designing six carbon 72 

taxation scenarios with different taxation principles, five domestic revenue recycling 73 

mechanisms based on country-specific social assistance capacity, and six international revenue 74 

recycling mechanisms based on global justice principles. Then, we examine the poverty, 75 

inequality, and emission effects of various policy scenario combinations using an 76 

environmentally extended global multiregional input-output approach based on the Global Trade 77 

Analysis Project30, a highly detailed expenditure database31,32 and data on coverage of social 78 

assistance programs. Finally, we identify the best policy mix based on poverty reduction effect 79 

and explore its regional performance. 80 

 81 

Carbon taxation design determines burden among expenditure groups 82 

We consider six carbon taxation scenarios (Extended Data Table 1). The differences in taxation 83 

methods are determined by three factors: whether the tax is a production or consumption tax, 84 

whether the tax level differs between countries (national heterogeneity), and whether it 85 

differentiates sectors (sectoral heterogeneity). A production tax is based on the carbon emissions 86 

from production activities. In contrast, a consumption tax refers to a tax based on the carbon 87 

footprint of products. The tax level under a nation-differentiated production tax is determined by 88 

territorial CO2 emissions and development level based on the World Bank’s income 89 

classification (low, lower-middle, upper-middle, and high), while the nation-differentiated tax 90 

level of a consumption tax is determined by consumption-based CO2 emissions and development 91 

level. A product-specific consumption tax is determined by sectoral expenditure elasticities of 92 

households17. In economics, an expenditure elasticity above one means the product is a luxury 93 

good, a product or service households demand more of as their expenditure increases. In 94 

contrast, an expenditure elasticity below one refers to necessities – a good that poorer households 95 
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demand, but it occupies a lower share in the consumption basket as people become wealthier. 96 

See the Method section for details in the carbon taxation scenarios setting. We set the global 97 

average carbon tax level for all scenarios at US$50/tCO2, which is considered the lower 98 

boundary for achieving the 1.5 ℃ Goal recommended by the World Bank33. 99 

For the global uniform production tax scenario (T1) and global uniform consumption tax 100 

scenario (T3), the tax level for all countries is the same. The tax revenue of the former depends 101 

on production-based emissions, while the tax revenue for the latter depends on consumption-102 

based emissions. However, since the tax levels for all products and all countries are completely 103 

uniform, both scenarios will generate the same carbon tax burden for consumers. The uniform 104 

carbon tax between countries can discourage carbon leakage34. Implementing production taxes 105 

relies on monitoring companies’ emissions, such as the practice in Norway and Switzerland35. 106 

Implementing consumption taxes relies on the carbon footprint accounting of products, such as 107 

the carbon border adjustment mechanism (CBAM) in the European Union, which will be 108 

implemented end of 202336. 109 

For the nation-differentiated production tax scenario (T2) and nation-differentiated consumption 110 

tax scenario (T4), the tax level varies between countries at different income levels, while the 111 

global average tax level weighted with countries’ carbon emissions is kept at US$50/tCO2. The 112 

national tax level under the production tax scenario (T2) is based upon production-based 113 

emissions, while the national tax level under the consumption tax scenario (T4) is based on 114 

consumption-based emissions. This difference is in line with the debate on producer and 115 

consumer responsibility37. A differentiated carbon tax across countries considers the ability of 116 

different countries to implement such tax under the principle of common but differentiated 117 

responsibilities (CBDR) and is, therefore, more likely to win international consensus27. Still, both 118 

scenarios maintain a uniform tax level across sectors.  119 

For the design of the luxury tax scenarios (T5) and (T6), we follow Oswald et al.17, who set a 120 

lower tax level on necessity goods and a higher tax level on luxury goods based on expenditure 121 

elasticities but maintain the average carbon tax across goods at a certain level. (T6) combines the 122 

luxury consumption tax scenario (T5) and the nation-differentiated consumption tax scenario 123 

(T4), incorporating both country and sectoral heterogeneity.  124 

 125 
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 126 
Fig. 1 | Tax revenue and burden for different expenditure groups under six carbon taxation scenarios. a, 127 
Regional tax levels under nation-differentiated tax scenarios. 168 countries are grouped into 12 regions by slightly 128 
modifying intermediate-level regional grouping in IPCC’s Sixth Assessment Report (Extended Data Fig. 1). Both 129 
the national production and consumption tax scenarios remain at a tax level of US$ 50/tCO2 at the global level. See 130 
Supplementary Table S4 for tax levels in each country. b, Sectoral expenditure elasticity and tax level under luxury 131 
consumption tax scenarios. The tax level for each sector presented here is the global average level. See 132 
Supplementary Table S3 and Supplementary Table S5 for details at the country-sector level. c, The carbon tax 133 
revenue by regions under six carbon taxation scenarios. The percentages show the ratio of carbon tax revenue to 134 
GDP. Supplementary Table S6 shows the tax revenue in each country. d, The ratio of the carbon tax to expenditure 135 
by expenditure deciles. People have the same tax burden under global uniform production tax scenarios and global 136 
uniform consumption scenarios. 137 
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Fig. 1a shows the tax level under the nation-differentiated production and consumption tax. In 138 

both scenarios, low and middle-income countries have low carbon tax levels, and high-income 139 

countries have high carbon tax levels to keep the global average carbon tax level at US$50/tCO2. 140 

Under the production tax scenario, the tax levels for low-income, lower-middle-income, upper-141 

middle-income, and high-income countries are US$1.98/tCO2, US$5.40/tCO2, US$20.78/tCO2, 142 

and US$100.46/tCO2, respectively. Under the consumption tax scenario, the tax levels for these 143 

four types of countries are US$2.16/tCO2, US$5.51/tCO2, US$15.33/tCO2, and US$98.56/tCO2, 144 

respectively. 145 

For the luxury consumption tax, the relationship between sectoral expenditure elasticity and the 146 

sectoral tax level is shown in Fig. 1b. Sectors with expenditure elasticity above one will be taxed 147 

at rates higher than the average. Under an average tax level of US$50/tCO2, air transport, motor 148 

vehicles and parts, accommodation, food, and service activities will be taxed at US$91/tCO2, 149 

US$90/tCO2, and US$62/tCO2, respectively. In contrast, sectors with lower expenditure 150 

elasticity will be taxed at lower levels, mainly including basic energy and food expenses.  151 

Comparing the tax revenue across different taxation methods, low and middle-income countries 152 

can gather higher tax revenue under the scenarios with a globally uniform tax, including the 153 

global uniform production/consumption tax (T1 & T3) and the luxury consumption tax (T5) 154 

(Fig. 1c). Taking China as an example, since the tax level setting for China under the nation-155 

differentiated production tax (T2) is much lower than the global uniform production tax (T1), the 156 

tax revenue from a globally uniform production tax (T1) is 1.4 times higher than that from a 157 

nation-differentiated production tax (T2). In addition, the tax revenue under the global uniform 158 

consumption tax scenario (T3) and the luxury consumption tax scenario (T5) will be the same 159 

because countries have same tax level in both scenarios, as does the tax revenue under the 160 

nation-differentiated consumption tax scenario (T4) and the luxury & nation-differentiated 161 

consumption tax (T6). 162 

The uneven tax burden among expenditure groups under each tax scenario is presented in Fig. 163 

1d. The carbon tax tends to be progressive in low- and middle-income countries/regions and 164 

regressive in high-income countries/regions. For example, under the global uniform 165 

production/consumption tax (T1 & T3), in Sub-Saharan Africa, the tax incidence for the top 10% 166 

is 70% higher than that for the bottom 10%, while in the United States, the tax incidence for the 167 

bottom 10% is 30% higher than that for the top 10%. This is in line with the finding of Dorband 168 

et al.13, Feindt et al.14, and Oswald et al.17. The reason is that rich individuals in low and middle-169 

income countries and poor individuals in high-income countries tend to consume proportionally 170 

more carbon-intensive goods. 171 
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Designing a luxury consumption tax can effectively reduce the burden on the poor. In Fig. 1d, 172 

the yellow dots (T5) for low-income groups are lower than the green dots (T1 & T3) in all 173 

countries and regions.  In East Asia and Developing Pacific, Southern Asia, and India, the luxury 174 

tax can even convert a regressive carbon tax into a progressive one.  175 

 176 

Tax revenue recycling mechanisms 177 

Carbon tax revenues can be recycled at two levels, nationally or internationally. In this paper, 178 

domestic recycling mechanisms are implemented through social assistance programs, and 179 

international recycling mechanisms are implemented through a global climate fund (Extended 180 

Data Table 2). 181 

We consider five social assistance-based internal tax revenue recycling mechanisms, including a 182 

universal transfer scenario (S1), a scenario based on current cash transfer programs (S2), a 183 

scenario based on current social assistance programs (S3), a scenario based on an expansion of 184 

social assistance based on the experience of the COVID-19 pandemic (S4), and a hypothetical 185 

ideal scenario based on proxy means test (PMT) (S5). The universal scenario (S1) is usually also 186 

referred to as a “climate dividend”. All citizens will get the same benefit from tax revenue 187 

recycling. This is similar to the experience in Switzerland and Canada, as well as many current 188 

proposals. In the current cash transfer programs scenario (S2), the beneficiaries are the 189 

population currently enrolled in targeted cash transfer programs, usually low-income people. The 190 

revenue will only be redistributed to a small number of people and should go to those who need 191 

it the most. However, in many countries, these programs suffer from very high exclusion errors, 192 

meaning many people in poverty are not reached. This is particularly evident in the Sub-Saharan 193 

African countries (see Fig. 2a). This scenario gives a lower bound of the redistributive capacity 194 

of countries as it considers just cash-based programs. The current social assistance scenario (S3), 195 

conversely, considers all social assistance programs with a higher coverage rate, especially 196 

among the poorest. The social assistance during the COVID-19 scenario (S4) is based on the 197 

expansion of social assistance during the COVID-19 pandemic, with a significantly higher 198 

coverage rate. Lastly, we also consider a hypothetical PMT scenario (S5) which uses the PMT 199 

method to determine the targeted population. PMT is the most common way of targeting 200 

vulnerable people and is used here as a reference scenario of a well-executed and progressive 201 

targeting mechanism, nonetheless still presenting exclusion errors. 202 
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 203 
Fig. 2 | Revenue recycling mechanisms. a, The coverage rate of social assistance by expenditure deciles under five 204 
social assistance scenarios. The coverage rate is the share of the population registered in social assistance programs. 205 
b, The flow of funds under six global climate fund scenarios. In all scenarios, a fund for US$100 billion is gathered 206 
in developed countries and redistributed to developing countries. When talking about the climate fund, we use the 207 
developing vs developed countries categorisation (and not income groups) following the UNFCCC groupings and 208 
names. See Supplementary Table S7 for the fund distribution between countries. 209 
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Regarding feasibility, the current cash transfer (S2) and social assistance (S3) scenarios would be 210 

the easiest to implement; they rely on existing programs and would require channelling new 211 

resources into existing architectures. Similarly, the COVID-19 scenario (S4) is a scenario that 212 

models a feasible expansion as it is based on the extended coverage achieved in response to the 213 

COVID-19 pandemic. On the other hand, the universal scenario (S1), while mostly feasible in 214 

richer countries, is more difficult in lower-income countries, where it is difficult to reach the 215 

most vulnerable. Similarly, the PMT scenario (S5) is considered an ideal benchmark. 216 

For international revenue recycling, we consider six scenarios distinguished by various principles 217 

for collecting and redistributing the global climate fund. In all scenarios, the fund will be 218 

collected from developed countries and then redistributed to developing countries. This reflects 219 

the “common but differentiated responsibilities and respective capabilities” principle from the 220 

Rio Declaration on Environment and Development (and restated in the Paris Agreement). As 221 

there are no clear rules on how to implement and respect this principle, different interpretations 222 

are used, including burden sharing based on historical and current responsibility, capability, and 223 

equality38. Among these, we choose our two principles for collecting funds to be based on 224 

historical carbon emissions since 1850 or the current carbon emissions, which corresponds to the 225 

debate between historical and current responsibility39. Moreover, we select three principles for 226 

redistributing the fund, based on the number of people in poverty, population, or poverty gap. 227 

The poverty headcount and poverty gap are measured under the extreme poverty line ($2.15 per 228 

person per day based on 2017 PPPs) proposed by the World Bank40. Here, the poverty gap is 229 

defined as the fund needed to lift people out of extreme poverty. It is difficult to know in 230 

advance which redistribution approach will have better poverty reduction effects, which depends 231 

on whether countries’ social assistance systems are effectively targeted to the poor. 232 

We explore the impact of implementing a global climate fund of US$100 billion per year, which 233 

is the amount of fund developed countries committed in the 15th Conference of Parties (COP15) 234 

of the UNFCCC to support climate action in developing countries41. Fig. 2b demonstrates the 235 

regional distribution of fund contributors and receivers under the six global climate fund 236 

scenarios. In all scenarios, the United States, Asia-Pacific Developed countries, and European 237 

countries are the main contributors to the fund, while Sub-Saharan African countries and India 238 

are the main recipients of the fund. Because of the high poverty rates, Sub-Saharan African 239 

countries will receive more funds under the poverty headcount and poverty gap principles than 240 

under the population principle. In contrast, China, which has a large population but a low poverty 241 

rate, will receive more funds under the population-based distribution mechanism rather than the 242 

other two poverty-based distribution mechanisms. 243 
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The best domestic policy mix  244 

In this section, we examine the poverty, inequality, and emission effect of all combinations of tax 245 

and social assistance scenarios to determine the best domestic policy mix (Fig. 3). In addition to 246 

the five social assistance scenarios mentioned above, we also consider a no-recycling scenario to 247 

show what would happen if without recycling and a universal transfer scenario with only 30% of 248 

revenue redistributed to test the impacts of partially recycling.  249 

 250 

 251 
Fig. 3 | The poverty, emission, and inequality effect of combinations of various carbon taxation and social 252 
assistance scenarios. Here, poverty is measured by the extreme poverty headcount. The emission effects only come 253 
from the consumption adjustment caused by carbon taxation and revenue recycling. Inequality effects are measured 254 
by the change rate of Gini coefficient. All values shown in the figure are based on the comparison to the pre-tax 255 
status. The percentage in the horizontal axis indicates the share of tax revenue redistributed. a, effects on global 256 
extreme poverty. b, effects on global carbon emissions. c, effects on the local Gini coefficient. The local Gini 257 
coefficient reflects the inequality between expenditure bins within the country and is the weighted mean (use the 258 
population as the weight) of the countries’ Gini coefficient. d, effects on the international Gini coefficient. The 259 
international Gini coefficient is calculated as the Gini coefficient based on the mean expenditure in each country, 260 
reflecting the inequality between countries. 261 
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Without revenue recycling, the carbon tax can push 84-96 million people into extreme poverty, 262 

depending on the tax scenarios. The number of people pushed into poverty in the luxury 263 

consumption tax scenario (T5) is 8 million lower than in the global uniform consumption tax 264 

scenario (T3). Recycling carbon tax revenues can effectively mitigate the poverty-increasing 265 

effects of carbon taxes. For example, in most tax scenarios, recycling 30% of the tax revenue 266 

through a universal dividend could largely offset the poverty headcount caused by carbon 267 

taxation, which is similar to the findings of Vogt-Schilb et al.22. 268 

For the impact of 100% revenue recycling, among the combinations of six tax scenarios and four 269 

feasible social assistance scenarios (S1-S4), the worst choice is the nation-differentiated 270 

consumption tax (T4) combined with the current cash programs scenarios (S2), which will push 271 

33 million people into extreme poverty compared with the pre-tax status; this is because of the 272 

high exclusion errors of cash transfers and the low revenues of such tax design in poorer 273 

countries. The best choice is the luxury consumption tax (T5) combined with expanded social 274 

assistance as in the COVID-19 pandemic (S4), which will bring 125 million people out of 275 

poverty after offsetting the negative poverty effect caused by carbon taxation. However, the 276 

poverty reduction effect of the best feasible solution (luxury consumption tax + social assistance 277 

during COVID-19) is 37 million lower than the scenario simulating a perfectly executed PMT 278 

(S5), which means that the current social assistance system has enormous space for 279 

improvement. What should be noted is at the national level, the best internal revenue recycling 280 

mechanism would vary between countries (see Extended Data Fig. 2). Social assistance during 281 

COVID-19 (S4) is the best option for 73 out of 168 countries. A universal dividend (S1) is the 282 

best option for more countries, accounting for 84 out of 168 countries, particularly in most Sub-283 

Saharan African countries where the social assistance programs cannot reach the poor population 284 

effectively. Also, there are 26 countries with multiple best options.  285 

An interesting phenomenon is that without the recycling mechanism, the global uniform tax is 286 

worse than the nation-differentiated tax in terms of the poverty effect. For example, the 287 

population in poverty caused by the nation-differentiated production tax (T2) is 10 million lower 288 

than the global uniform production tax (T1). However, after recycling, the global uniform tax is 289 

always better than the nation-differentiated tax. The reason is that the global poverty population 290 

is mainly located in low and middle-income countries. In these countries, the global uniform tax 291 

can generate more tax revenue than the nation-differentiated tax, which means the governments 292 

have more financial capacity to support the poor. 293 

In terms of the carbon emission effect, when a carbon tax is implemented without recycling, a 294 

higher price tends to lower the real income of households and thus suppress demand, resulting in 295 

significant emission reductions. The luxury consumption tax (T5) has the greatest impact on 296 
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reducing carbon emissions because it applies a very high tax level to price-sensitive carbon-297 

intensive products17. However, recycling the carbon tax revenue would cancel out the tax’s 298 

emissions reductions. The reason is that when a carbon tax is combined with a revenue recycling 299 

mechanism, it acts more like an indirect income redistribution policy, transferring money from 300 

the rich to the poor. As highlighted by previous research8,31, eradicating poverty would increase 301 

the required mitigation efforts, even if just minimally, for meeting global climate goals. 302 

However, it is important to note that the near-zero emissions impacts observed in this paper only 303 

consider the changes in carbon emissions caused by consumption adjustments through estimated 304 

elasticities. In fact, the carbon tax will also incentivise producers to develop green technologies, 305 

thereby reducing emissions, which is, in the long run, the principal goal of any carbon pricing 306 

mechanism. Accordingly, this paper does not address the appropriate carbon tax rate to achieve 307 

the global climate goal. Here, our goal is to show how revenue recycling can hinder efforts to 308 

reduce emissions in the short term and highlight the tension between poverty/inequality 309 

reduction and climate mitigation. We, therefore, execute an incidence analysis looking at the 310 

short term, which in terms of poverty and inequality is what affects the most social acceptability 311 

of carbon pricing. 312 

In terms of the impacts on inequality within countries, without the revenue recycling, the global 313 

uniform production/consumption tax scenarios (T1 & T3) will bring slight adverse impacts on 314 

the average Gini coefficient (+0.26% & +0.26%, measured as a percentage change of 315 

population-weighted national Gini coefficients), meaning an increasing inequality, while other 316 

scenarios will cause slight positive impacts (ranging from -0.02% to -0.26%). Recycling the 317 

revenue can bring remarkable positive impacts on inequality within countries (ranging from -318 

0.54% to -5.78%). The best feasible combination is the luxury consumption tax (T5) with the 319 

universal climate dividend (S1), which can lower the local Gini coefficient by 5.32% on average 320 

across countries. The luxury consumption tax (T5) combined with the COVID-19 social 321 

assistance expansion (S4), the best solution for the poverty effect, is the second-best choice 322 

regarding inequality. Similarly, the hypothetical ideal social assistance scenario (S5) can bring 323 

more inequality reduction. 324 

For the impacts on international inequality, without the revenue recycling, since the global 325 

uniform tax will bring greater shock to the household in low and middle-income countries, the 326 

global uniform tax scenarios (T1, T3 & T5) will worsen the inequality between countries. In 327 

contrast, the nation-differentiated tax scenarios (T2, T4 & T6) will improve it. Nevertheless, this 328 

situation is offset by revenue recycling, and overall the impacts remain marginal. 329 

Poverty eradication is the first of the SDGs; and is also a prerequisite for guaranteeing people’s 330 

basic physiological needs, including ending hunger (SDG 2). Also, physiological needs are a 331 
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foundational aspect of maintaining human well-being and social stability. With this in mind, we 332 

consider the scenario with the largest poverty reduction effect to be “the best” domestic policy 333 

mix: the luxury consumption tax (T5) combined with social assistance during COVID-19 (S4). 334 

 335 

The best international recycling mechanism 336 

Having found the best domestic policy mix, we further test the impacts of international revenue 337 

recycling mechanisms (Table 1). 338 

 339 

Table 1 | The poverty, emission, and inequality effect of international tax revenue recycling.  340 

 

(T5) Luxury consumption tax + (S4) Social 
assistance expansion as during COVID-19 

(T5) Luxury consumption tax + (S5) Proxy 
Means Test (PMT) 

Extreme 
poverty 
(million) 

CO2 
(MT) 

Local 
Gini 

Internationa
l Gini 

Extreme 
poverty 
(million) 

CO2 
(MT) 

Local 
Gini 

Internationa
l Gini 

(G1) Historical emissions & 
poverty headcount 

-238 22 -5.81% -0.79% -336 11 -8.50% -0.79% 

(G2) Historical emissions & 
population 

-176 29 -6.04% -0.53% -214 19 -7.62% -0.53% 

(G3) Historical emissions & 
poverty gap 

-210 42 -5.54% -0.77% -336 31 -8.07% -0.77% 

(G4) Current emissions & 
poverty headcount 

-238 22 -5.81% -0.79% -336 10 -8.50% -0.79% 

(G5) Current emissions & 
population 

-176 29 -6.04% -0.53% -214 18 -7.62% -0.53% 

(G6) Current emissions & 
poverty gap 

-210 41 -5.54% -0.78% -336 30 -8.07% -0.78% 

Here, the effects of international tax revenue recycling scenarios are simulated on the basis of both the best and ideal 341 
domestic policy mix. The poverty effect is the changes in global extreme poverty headcount compared to pre-tax 342 
status. The emission effect is the changes in global carbon emissions caused by the consumption adjustment. The 343 
local Gini effects measure the change rates of inequality within countries. At the regional level, the local Gini 344 
coefficient is the weighted mean (use the population as the weight) of countries’ Gini coefficient. The international 345 
Gini effects measure the change rates of inequality between countries. The international Gini coefficient is 346 
calculated as the unweighted Gini coefficient based on the mean expenditure in each country.  347 

 348 

For the collection of the fund, the historical and current emission principles have similar effects 349 

on poverty, emissions, and inequality. For the redistribution of the fund, allocating the fund by 350 

poverty headcount (G1 & G4) has the biggest poverty reduction effect, lifting 238 million people 351 

out of extreme poverty. Compared with the best purely domestic policy mix (luxury consumption 352 

tax (T5) + social assistance during the COVID-19 pandemic (S4)), a US$100 billion per year 353 
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global climate fund can further reduce global extreme poverty headcount by 113 million. 354 

However, compared with the combination with the best targeted domestic policy (luxury 355 

consumption tax (T5) + PMT (S5)), there is a difference of 98 million people but since this 356 

policy is likely not executable in the near-term, international revenue recycling grants large 357 

additional benefit compared to purely domestic strategies. 358 

Comparing the results in Table 1 and Fig. 3, the climate fund will slightly increase global carbon 359 

emissions because more demand will shift from developed to developing countries, where 360 

carbon intensity is higher than that in developed countries42. Also, under the best combination 361 

(T5 + S4 + G1/G4), globally, the local and international Gini coefficients will decrease by 5.81% 362 

and 0.79%, respectively, which is more significant than the best domestic policy mix (T5 + S4). 363 

Further, Fig. 4 shows the regional poverty and inequality outcome of the best policy mix judged 364 

by the poverty reduction effect (luxury consumption tax (T5) + social assistance during the 365 

COVID-19 pandemic (S4) + historical/current emissions & poverty headcount (G1 & G4)). 366 

  367 

 368 
Fig. 4 | The regional poverty and inequality outcome under the best policy mix (T5 + S4 + G4). The left panel 369 
shows the poverty headcount at the regional level. The poverty headcount is considered both under the national and 370 
the national (extreme) poverty lines. The yellow bar in the background shows the poverty headcount/Gini coefficient 371 
in the pre-tax status. The right panel shows the within-countries inequality measured by the local Gini coefficient. 372 
The local Gini coefficient for a region is the weighted mean (use the population as the weight) of the national Gini 373 
coefficient. Extended Data Fig. 3-5 shows the results at the national level. 374 
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 375 

For estimating the effect of poverty, in previous sections, we only consider international 376 

(extreme) poverty, which refers to severe poverty where people cannot meet their basic survival 377 

needs. International poverty is often the target of international poverty reduction efforts. Here, 378 

we also consider the national poverty lines. National poverty lines differ by country and depend 379 

on national considerations of poverty, which is important in policymaking at the national level. 380 

Under the best policy mix, some countries/regions would witness a considerable decline in their 381 

poverty headcount. Like the case in China, the best policy mix would decrease the poverty 382 

headcount under the national poverty line by 79% (from 38 million to 8 million). Also, the 383 

poverty headcount under the international poverty line would decrease by 90% (from 8 million to 384 

0.8 million). The largest poverty headcount reduction would happen in India and Sub-Saharan 385 

Africa. Under the best policy mix, the poverty headcount of India and Sub-Saharan Africa would 386 

decrease by respectively 79 and 60 million under the national poverty line and 95 and 79 million 387 

under the international poverty line. 388 

All regions will witness a significant decrease in the Gini coefficient. The effects are highest in 389 

China. Compared to the pre-tax status, China’s Gini coefficient would decrease by 9% (from 390 

0.40 to 0.37) (Fig. 4). The reason is that China is the world’s largest emitter, China can gather 391 

US$356 billion revenue for redistribution under the luxury consumption tax scenario (3% of its 392 

GDP, see Fig 1c). Meanwhile, China’s social assistance system can target low-income 393 

households effectively (see Fig 2a).  394 

Finally, we further test the poverty reduction potential of different levels of the global climate 395 

fund (Fig. 5). The global climate fund exhibits diminishing returns. In other words, its marginal 396 

poverty reduction effect decreases. Without the global climate fund, the best domestic policy mix 397 

can achieve a 19% reduction in global extreme poverty headcount. A US$100 billion fund 398 

achieves a 36% reduction, while the extreme poverty reduction will stop at about 56% for funds 399 

over US$700 billion. This is mainly because even if a larger fund is pooled, the internal 400 

recycling mechanisms (social assistance) within the countries cannot effectively reach 44% of 401 

the population living in extreme poverty. 402 
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  403 
Fig. 5 | The relationship between the size of the global climate fund and poverty reduction. The marginal 404 
poverty reduction means the extra poverty reduction induced by unit additional fund. The horizontal green dash line 405 
denotes that the marginal poverty reduction effect is equal to 0. The vertical red dash line denotes the effect of a 406 
US$100 billion fund. 407 
 408 
 409 

Discussion and policy implications 410 

The debate on just transitions highlighted the challenges in coordinating climate actions (SDG 411 

13), poverty eradication (SDG 1), and inequality reduction (SDG 10). Designing a carbon tax 412 

combined with a revenue recycling mechanism has long been considered to be an effective path 413 

out of this dilemma. However, prior to this study, the design of carbon tax mechanisms and their 414 

revenue allocation remained largely unexplored at a global scale. Our results suggest that, 415 

globally, the best domestic policy mix is implementing a carbon-based luxury consumption tax 416 

and recycling tax revenue through expanded social assistance programs as during the COVID-19 417 

pandemic. At a global average tax level of US50$/tCO2, the best combination can lift 125 418 

million people out of extreme poverty. Meanwhile, inequality between the within and between 419 

countries will decrease by 5.23% and 0.25%, respectively. For the global climate fund’s design, 420 

the best way of redistributing the fund to developing countries is based on their poverty 421 

headcount. Combining the best domestic policy mix with a US$100 billion global climate fund, 422 

the global extreme poverty headcount can be further reduced by 113 million. However, using 423 

carbon tax revenue to combat poverty and inequality will withdraw some of the emission 424 

reduction effects of carbon taxation, necessitating additional mitigation efforts in other areas. 425 

Based on our results, there exist several systemic solutions for the trade-off between climate and 426 

social goals.  427 
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First, recycling carbon tax revenue can leverage social and political acceptability toward carbon 428 

pricing. Without recycling, a global average US$50/tCO2 tax would push 84-96 million people 429 

into extreme poverty, depending on the taxation method. In high-income countries, the poor 430 

population will suffer more than the rich, and thus the carbon tax worsens inequality. These 431 

adverse effects are the main barriers to implementing carbon tax policies. Framing carbon 432 

taxation as a combined climate and social policy might be a decisive step toward acceptability. 433 

Essentially, a carbon tax combined with revenue recycling transfers income from the rich to the 434 

poor, and this, therefore also always a redistribution policy. Compared to other climate policies, 435 

such as emissions regulatory instruments, carbon tax policies augment the government’s ability 436 

not only to regulate the climate but also to tackle income inequalities and assist the most 437 

vulnerable households. 438 

Second, implementing a carbon-based luxury consumption tax versus a flat tax can improve the 439 

initial distributive impacts of carbon taxation. The carbon-based luxury consumption tax exerts 440 

higher tax rates on luxury goods and keeps the tax rates for necessities relatively low so that it 441 

can relieve the pressure on low-income people to some extent from the outset. However, we need 442 

to acknowledge that there are substantial technical challenges. Implementing a consumption tax 443 

relies on the carbon footprint assessment of products under an internationally comparable, 444 

systematic, and transparent carbon accounting standard. Fortunately, the CBAM proposed by the 445 

European Union has provided an excellent pioneering example of applying a tax based on 446 

products’ carbon footprint. Also, numerous research has made significant progress in the 447 

methodologies of carbon footprint accounting43, and carbon labelling is more and more 448 

widespread in business practice44. Moreover, measuring expenditure elasticity for a myriad of 449 

products also suffers from data constraints. Implementing a global uniform production tax will 450 

be a sub-optimal choice if the luxury consumption tax is not feasible. When combined with a 451 

revenue recycling mechanism, a global uniform production tax could still lead to appealing 452 

poverty and inequality reduction, although less potent than a luxury tax. 453 

Third, improving social assistance systems in low- and middle-income countries is urgently 454 

needed. Even though the expansion of social assistance during the COVID-19 pandemic has 455 

(temporarily) increased the coverage of the poor and improved the poverty reduction effect of 456 

redistributing carbon tax revenue through social assistance systems, it is not enough. The social 457 

assistance, and social protection programs as a whole, still do not cover about 44% of the global 458 

extreme poor. Especially in the Sub-Saharan Africa region, where extreme poverty is prevalent, 459 

the low coverage rate of social assistance limits the potential of using carbon tax revenue to 460 

address poverty. Thus, low- and middle-income countries still have a long way to go in 461 

reforming their social assistance systems. In this regard, China has set an example. The social 462 

assistance system in China, which is improved under the Targeted Poverty Alleviation Strategies, 463 
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can effectively cover low-income groups45. In addition, also at the international level, including 464 

the G7 and the UN Secretary-General’s initiative for a “Global Accelerator on Jobs and Social 465 

Protection for Just Transition”, underline the need for universal social protection. 466 

Fourth, setting up another complementary global climate fund can bring massive poverty 467 

reduction effects. Some countries, especially in Sub-Saharan Africa, can only raise limited 468 

carbon tax revenue from their low emissions. Without global aid, carbon taxation and domestic 469 

revenue recycling have limited effects on poverty reduction. In addition to directly assisting them 470 

in reducing poverty, international aid can be used to incentivise these countries to improve their 471 

social assistance systems, thereby releasing the fund’s poverty-reduction potential. For example, 472 

setting the reform of the fiscal system as a prerequisite for aid disbursement. However, we must 473 

be aware that setting another US$100 million would face some international political barriers. In 474 

the past, even though the developed countries have committed at the COP15 and reiterated at the 475 

COP21 to collect US$100 billion per year by 2025 to address the need of developing countries, 476 

the available fund is still much lower than the commitment46. Yet, we should remain optimistic. 477 

At COP27, countries achieved a historic new deal on creating a “loss and damage fund” to 478 

compensate vulnerable countries suffering from climate impacts47, which is seen as an important 479 

success for the global climate justice movement. 480 

One important point is to put the global fund into perspective; this amount (US$100 million) in 481 

fact is small compared to the level of other financial flows regarding lower-income countries. It 482 

has been estimated that around US$2 trillion leave the global south for the global north (net of 483 

inflows), comprising debt payments and, for the majority, capital flight and illicit flows48. Trade 484 

misinvoicing was, for example, close to US$1 trillion in 2017. A similar amount (US$2 trillion) 485 

has been estimated using the concept of unequal exchange49; and it is also the amount that low and 486 

middle-income countries (excluding China) need annually to mitigate and address the effects of 487 

climate change50. Therefore, global structural reforms could provide much more needed finance 488 

for poverty and inequality reduction in lower-income countries. The recent minimum global tax 489 

agreement can be a good starting point, but it is also critical to address the debt of low and middle-490 

income countries that are nearing US$9 trillion. 491 

 492 
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  611 

Methods 612 

Environmental-extended multiregional input-output model 613 

The environmentally extended multiregional input-output model (EEMRIO) is the most popular 614 

approach for country-sector level carbon footprint accounting8,51,52, which is also widely used in 615 

analysing other environmental impacts of consumption and trade53–57. The advantage of the 616 

EEMRIO approach is that it can trace the carbon emissions that emerge in the whole supply 617 

chain by the Leontief inverse matrix. This paper uses the EEMRIO approach to measure the 618 

carbon footprint of final products produced in each country. Later, the carbon footprints by 619 

sectors would be used to calculate household carbon tax burden and consumption-based 620 

emissions for countries/regions. 621 

Suppose there are 𝑔 countries, and each country/region has 𝑛 sectors. The basic formula for 622 

sectoral carbon footprint (𝑐) accounting under the MRIO framework can be written as follows: 623 𝑐 = 𝑓(𝐼 − 𝐴)−1 + 𝑑                                                                 (1) 624 

Here, 𝐴 is the direct requirement coefficient matrix (𝑔𝑛 × 𝑔𝑛), representing the production 625 

technologies in each sector of each country/region. For example, the element 𝐴𝑟𝑠𝑖𝑗
 is the amount 626 

of intermediate input in sector i of country r required by producing 1$ final goods in sector j of 627 

country s. Setting 𝐼 as an identity matrix (𝑔𝑛 × 𝑔𝑛), (𝐼 − 𝐴)−1 is the complete requirement 628 
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coefficient matrix (𝑔𝑛 × 𝑔𝑛), also known as the Leontief inverse matrix. Essentially, the 629 

Leontief inverse matrix is the accumulated sum of all direct and indirect intersectoral linkages 630 

(equal to 𝐼 + 𝐴 + 𝐴2 + 𝐴3 + ⋯ ). 𝑓 is the sectoral emission coefficient vector (𝑔𝑛 × 1), which is 631 

the carbon emissions emitted from producing 1$ products in each sector. 𝑑 is the sectoral 632 

household direct emission vector (𝑔𝑛 × 1), reflecting the carbon emissions from the final 633 

consumption of products, such as gas and coal used by residents. 634 

The data we employed for carbon footprint accounting is the latest global MRIO table for 2017 635 

and the associated carbon emissions satellite account developed by the Global Trade Analysis 636 

Project (GTAP-v11)30,58,59. GTAP-v11 contains information for 65 sectors and 141 regions, 637 

including 121 individual countries and 20 aggregated regions (see Supplementary Table S2 for 638 

sectoral classification in GTAP-v11), and has been used in several publications32,60–63.  639 

Household expenditure data 640 

The discussion of unequal carbon tax burden between income groups relies on the information 641 

on household expenditure. The household expenditure dataset used in this paper is primarily 642 

based on the global expenditure survey from the World Bank Global Consumption Database 643 

(WBGCD), supplemented by the Household Budget Survey (HBS) for European countries 644 

provided by Eurostat and the Family Income and Expenditure Survey (FIES) for Japan provided 645 

by Statistics Bureau of Japan. The WBGCD provides expenditure data for 33 sectors for 201 646 

expenditure bins in 113 countries. Our previous studies have derived a unified dataset for the 647 

share of consumption in each sector and the population by expenditure bins31,32,64. The HBS 648 

provides expenditure data for 12 sectors for 5 quintiles in 32 European countries, and the FIES 649 

provides data expenditure data for 23 sectors for 10 deciles in Japan. 650 

The reference year for WBGCD, HBS, and FIES is 2011, 2015, and 2017 respectively, while the 651 

GTAP MRIO table derived from GTAP-v11 is for 2017. To coordinate the data from different 652 

sources, first, following Bruckner et al.31, we construct a bridging matrix that links the 33 sectors 653 

in WBGCD to the 65 sectors in GTAP MRIO table based on the sector definition (one sector in 654 

WBGCD would match several sectors in GTAP MRIO table). Then, we use the bridging matrix 655 

to get the share of consumption in each sector by expenditure bins for 65 sectors in GTAP MRIO 656 

table. Further, considering WBGCD has the broadest geographical coverage, we take the 657 

consumption share of each sector by expenditure bins in WBGCD as the basis and update them 658 

by HBS and FIES. Consequently, the new expenditure dataset covers 65 sectors, 201 bins, and 659 

119 countries. Finally, we take the share of consumption in each sector by expenditure bins to 660 

disaggregate the national-level household consumption in GTAP MRIO table. Since we only use 661 

the consumption share information from the household expenditure survey data, we do not need 662 

to deal with the price differences. Also, the total household expenditure in each country would be 663 
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in line with household consumption in the GTAP MRIO table. Furthermore, we update the 664 

population data for 2011 in the WBGCD dataset to 2017 based on the population statistics from 665 

World Development Indicators, World Bank. The population distribution between expenditure 666 

bins remains the same as the original dataset. 667 

The carbon footprint per capita for the sth expenditure bin in country r can be obtained by 668 

multiplying the expenditure per capita of the sth expenditure bin in country r and the carbon 669 

footprint by sectors.  670 𝐶𝐹𝑟𝑠 = 𝑐′ℎ𝑟𝑠/𝑝𝑟𝑠                                                                 (2) 671 

where 𝑐′ (1 × 𝑔𝑛) is the carbon footprint by sectors obtained from formula (1), ℎ𝑟𝑠 is the 672 

expenditure vector of the sth expenditure bin (𝑔𝑛 × 1), which is the disaggregated household 673 

consumption in the GTAP MRIO table. 𝑝𝑟𝑠 is the population of the sth expenditure bin in country 674 

r. The results from formula (2) will be used to calculate the carbon tax burden for various 675 

expenditure bins in each country. 676 

National and international poverty lines 677 

The poverty headcount ratio at national poverty lines reported by the Poverty and Inequality 678 

Platform, World Bank is the most accurate poverty statistic at the national level. It serves as the 679 

foundation for drawing national and international poverty lines. Experts from World Bank 680 

estimated the national and international poverty lines in 2017 PPP$40. The international poverty 681 

line was recently updated to $2.15 per day. The national poverty line varies by country, 682 

depending on the country's specific situation.  683 

However, the national/international poverty lines in Jolliffe & Prydz40 are not comparable with 684 

the household consumption in the GTAP. The national poverty lines in Jolliffe & Prydz40 are 685 

constructed based on household and consumer survey data, while the household consumption in 686 

the GTAP MRIO table is based on the macro statistic data. Even though they have similar 687 

terminology, they have different scopes. For example, the expenditure on real estate is a part of 688 

consumption in consumption survey data. However, it belongs to the household investment in 689 

the System of National Accounts (SNA), which is used in GTAP. Thus, directly using the 690 

national/international poverty lines in Jolliffe & Prydz40 would bring bias for counting the 691 

poverty population. In addition, there is the issue of underreporting in household surveys. 692 

Given that poverty is the central concern of this paper, we need to ensure that our poverty 693 

headcount and poverty ratio data align with the World Bank data. So, in this paper, whether the 694 

population in a bin is under the international/national poverty line is decided by the population 695 

distribution across bins and the poverty headcount ratio at national/international poverty lines (% 696 
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of population). This way, the baseline national/international poverty headcount ratios in this 697 

paper will be the same as that reported by World Bank. The World Bank has reported the poverty 698 

headcount ratios under national/international poverty lines for 168 countries. For most countries, 699 

data is available for 2017. For countries with missing data, we use data from the nearest year, 700 

which is also the treatment in Jolliffe & Prydz40. 701 

Data integration 702 

There are 168 countries in the poverty data, 121 in the GTAP MRIO table, and 119 in the 703 

expenditure data. We tried to make the most of the available data to extend the analysis to the 704 

168 countries with poverty statistics because the countries missing from the expenditure data and 705 

the GTAP MRIO table are mainly small, less developed countries with high poverty rates. 706 

For countries aggregated into regions in the GTAP MRIO table, we disaggregate them from the 707 

aggregated regions. The final demand by sectors for a missing country is derived from the share 708 

of its GDP in the region and the region’s final demand. Similarly, the carbon emissions by 709 

sectors for a missing country are derived from the share of its carbon emission share in the 710 

region and the region’s total carbon emissions. The national-level GDP and carbon emissions 711 

data are obtained from the World Development Indicators, World Bank. 712 

For countries missing from the expenditure data, we use the expenditure distribution in the 713 

neighbouring country with the same development level (low-income, lower middle-income, 714 

upper middle-income, and high-income) as a proxy to get the expenditure distribution between 715 

bins. Meanwhile, the total expenditure is consistent with the statistics in the GTAP MRIO table.  716 

For countries that do not have a similar neighbouring country, we use the expenditure 717 

distribution in China and the United Kingdom as the proxy for developing countries and 718 

developed countries, respectively.  719 

Finally, our research covers 168 countries (Supplementary Table S1), which account for 98% of 720 

the global population and 97% of the global GDP.  721 

The measurement of inequality 722 

The Gini index is employed to measure inequality within and between countries17,52,64–66. We use 723 

the expenditure data to measure inequality; compared to using income, inequality estimates using 724 

expenditure/consumption are lower as part of income is saved and expenditure/consumption 725 

represents the expected long-term average income (“permanent income” hypothesis). We named 726 

the Gini index calculated based on the expenditure distribution among 201 expenditure bins as 727 

the local Gini index, reflecting the inequality within countries. In contrast, the inequality between 728 
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countries, named the international Gini index, is calculated based on the expenditure per capita 729 

of 168 countries. 730 

The formula for the Gini index is  731 𝐺𝑖𝑛𝑖 = ( 𝐺𝐺−1) (1 − 2 ∑ 𝐸𝑠𝑝𝑠𝐺𝑠=1  )                                                   (3) 732 

Here, 𝐺 is the number of groups (expenditure bins in the local Gini index, countries in the 733 

international Gini index). 𝐸𝑠 is the cumulative expenditure share of group s, is the population 734 

share of group s. What should be noted is that when calculating the international Gini index, each 735 

country is considered a person whose expenditure level is the national average. 𝐺/(𝐺 − 1) is 736 

used to correct the small sample bias. 737 

Carbon taxation scenarios 738 

Based on industry and policy experience, the literature reviewed, and consideration of the 739 

respective strengths and limitations of these information sources, the High-Level Commission on 740 

Carbon Prices from the World Bank concluded that the explicit carbon price level consistent with 741 

achieving the Paris temperature target is at least US$50-100/tCO2 by 203033. The main text 742 

shows the results based on a global average carbon tax level of US$50/tCO2. In Extended Data 743 

Fig. 6, we also simulate the poverty and inequality impacts of the other three tax levels, 744 

US$25/tCO2, US$75/tCO2, and US$100/tCO2. It should be noted that the question about the 745 

appropriate tax level for achieving specific climate goals is out of the scope of this paper. 746 

Instead, our key concern is identifying the best policy design for combining carbon taxation and 747 

revenue recycling. 748 

We have six carbon taxation scenarios (Extended Data Table 1), including global uniform 749 

production tax, nation-differentiated production tax, global uniform consumption tax, nation-750 

differentiated consumption tax, luxury consumption tax, and nation-differentiated luxury 751 

consumption tax. The global uniform production/consumption tax is straightforward and applies 752 

the same tax to all carbon emissions. Here, we further explain how to design the nation-753 

differentiated production/consumption tax and the luxury tax. 754 

The nation-differentiated production/consumption tax differs between countries based on four 755 

income levels defined by the World Bank. Countries with the same income level have the same 756 

tax level. The nation-differentiated production tax for income group w (e.g., high-income 757 

countries) can be decided by  758 𝑃𝑇𝑤 = 𝑘 × 𝑘×𝐺𝐷𝑃𝑤∑ (𝑘×𝐺𝐷𝑃𝑤×𝑃𝐸𝑤)4𝑤=1                                                          (4) 759 
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where 𝐺𝐷𝑃𝑤 is the GDP per capita in income group w. 𝑃𝐸𝑤 presents the total production-based 760 

CO2 of income group w, which is the sum of income group w’s industrial emissions and 761 

household direct emissions. 𝑘 is the global average tax level (e.g., US$50/tCO2). Under formula 762 

(4), the rich nations will have higher tax levels, while the less developed countries will have 763 

lower tax levels.  764 

Similarly, the nation-differentiated consumption tax for income group r can be decided by 765 𝐶𝑇𝑤 = 𝑘 × 𝑘×𝐸𝑋𝑃𝑤∑ (𝑘×𝐸𝑋𝑃𝑤×𝐶𝐸𝑤)4𝑤=1                                                           (5) 766 

Here, 𝐸𝑋𝑃𝑤 is the expenditure per capita in income group w. 𝐶𝐸𝑤 presents the consumption-767 

based CO2 of income group w, which is the sum of carbon footprint of the final demand of 768 

income group w. Still, 𝑘 is the global average tax level. Both formula (4) and formula (5) will 769 

remain the global average carbon tax level at k, but assign different tax levels to countries. 770 

The sectoral tax level under the luxury consumption tax scenario is decided by 771 𝐿𝑇𝑟𝑖 = 𝐶𝑇𝑟 × 𝐶𝑇𝑟×𝑒𝑟𝑖∑ (𝐶𝑇𝑟×𝑒𝑟𝑖×𝐶𝐸𝑟𝑖)𝑛𝑖=1                                                       (6) 772 

where 𝐶𝐸𝑟𝑖 is the consumption-based CO2 of sector i in country r. 𝐶𝑇𝑟 is the average tax level in 773 

country r. Under the luxury consumption tax scenario, 𝐶𝑇𝑟 is same for all countries. Under the 774 

nation-differentiated luxury tax scenario, 𝐶𝑇𝑟 is equal to the tax level for country r in the nation-775 

differentiated consumption tax scenario (formula 5). In addition, 𝑒𝑟𝑖 is the expenditure elasticity 776 

of sector i in country r, which is estimated by a log-log model17, 777 log(𝐸𝑋𝑃𝑟𝑖) = 𝑎 + 𝑏 × log(𝐸𝑋𝑃𝑟)                                                 (7) 778 

Here 𝐸𝑋𝑃𝑟𝑖 is the expenditure per capita on sector i for 201 expenditure bins in country r, and  779 𝐸𝑋𝑃𝑟 is the expenditure per capita for 201 expenditure bins in country r. 𝑏 is the expenditure 780 

elasticity of sector i in country r. 781 

Social assistance scenarios 782 

We have five social assistance scenarios as described in the main text. as definition of social 783 

assistance we follow the World Bank which includes in social assistance the following categories: 784 

unconditional cash transfers; conditional cash transfers; social pensions (non-contributory); food 785 

and in-kind transfers; school feeding; public works, workfare and direct job creation; fee waivers 786 

and subsidies; other social assistance. Together with social insurance and labour market policies, 787 

social assistance represents overall social protection in countries. 788 
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For each scenario, the coverage in a specific decile or percentile is calculated as the share of 789 

individuals in each bin that live in a household where at least one member receives the transfer. 790 

We estimate these five scenarios for all the 168 countries described above, prioritising cross-791 

country comparability in the choice of data and estimations. For low- and middle-income countries, 792 

our starting point is the Atlas of Social Protection Indicators of Resilience and Equity (ASPIRE) 793 

from the World Bank, due to its coverage and comparability across countries. Within the ASPIRE 794 

categories, we use the social assistance coverage for the whole social assistance scenario (S3); for 795 

the cash transfers scenario (S2), we use the coverage of the subcategories of social assistance that 796 

relate just to cash transfers (conditional and unconditional cash transfers, social pensions and 797 

public work schemes), addressing potential double counting. We used interpolation to estimate 798 

coverage of bins as ASPIRE presents coverage for quintiles. For some countries, those with no 799 

estimates and those that are especially relevant for global poverty and present survey years that are 800 

more recent compared to ASPIRE, we used directly household surveys, such as India and China. 801 

For the countries with no ASPIRE indicator and no household survey available, other estimates 802 

from the literature, existing databases or reports are used (especially ILO data). For high-income 803 

countries, we use standardised household surveys from the Luxembourg Income Study Database 804 

(LIS). Using LIS, we replicate the same scenarios (cash transfers (S2) and social assistance (S3)) 805 

using the information in the surveys. 806 

For the scenario on the COVID-19 expansion (S4), it is difficult to establish the real increase as 807 

the number of beneficiaries benefitting from programs implemented to address the COVID-19 808 

pandemic as the published numbers present overlap with existing beneficiaries of previous 809 

programs. We use regional estimates on the increase in coverage from several reports, as recent 810 

surveys are not available across countries (apart from Latin America). We multiply the social 811 

assistance coverage from current programs for the proportional increase estimated during COVID-812 

19 (limiting of course the maximum coverage to 100%). 813 

For the PMTs scenario (S5), we use household survey data and run PMTs using different county 814 

surveys, assuming that the government is targeting the lowest 40% of the population, as it is also 815 

part of the SDGs and the World Bank. We use the same set of variables for all the PMT regressions 816 

in all countries to have comparable and standardised results. As surveys for all countries are not 817 

available and standardised, we used one or few countries for each region and use the estimates for 818 

all the other countries in the region. The results confirm that PMT, if used, can be progressive but 819 

still have exclusion errors on some of the poorest. 820 
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Global climate fund scenarios 821 

The global climate fund is collected from developed countries and then transferred to developing 822 

countries. The classification scheme in IPCC’s Sixth Assessment Report is used to distinguish 823 

developed countries and developing countries. Here, we use the developed/developing country 824 

classification rather than the World Bank's income group classification because high-income 825 

countries have a broader scope than developed countries. In past global climate finance practices, 826 

it was usually developed countries rather than high-income countries that donated funds67. Each 827 

developed country's contribution to the fund is determined by their historical cumulative or 828 

current emissions and supported by their carbon tax revenue. The Global Carbon Budget 2022 829 

provides data on countries' historical cumulative emissions since 18501. The data for countries’ 830 

current carbon emissions comes from World Bank statistics.  831 

The fund is delivered to developing countries based on three principles: the population, extreme 832 

poverty headcount, and poverty gap. The population and extreme poverty headcount data are 833 

obtained from World Bank statistics. The poverty gap is the amount of money needed to lift all 834 

extremely poor people out of extreme poverty, and it is calculated based on expenditure and 835 

population for each country's 201 expenditure bins. 836 

Combining the two principles for collecting fund and the three principles for delivering fund, 837 

totally, we have six scenarios for the global climate fund.  838 

Emissions effect of carbon taxation and revenue recycling 839 

In this paper, we only consider the emission effect from the consumption adjustment caused by 840 

carbon taxation and revenue recycling and ignore the emission reduction from production 841 

adjustment. Essentially, the carbon taxation and revenue recycling policy proposed in this paper 842 

is a kind of indirect income redistribution mechanism that transfers the income from the rich 843 

population to the poor, from developed to developing countries.  844 

First, we calculate the new final demand level under carbon taxation and revenue recycling for 845 

each bin and the other two types of final demand, investment demand and government 846 

expenditure. The new final demand for sector i in country r can be derived from the changes in 847 

expenditure level and expenditure elasticity68: 848 𝐷𝑟𝑖 =  ∑ (1 + 𝐸𝑥𝑝𝐶ℎ𝑔𝑟𝑠 × 𝑒𝑟𝑖)  × 𝐸𝑋𝑃𝑟𝑖𝑠 × 𝑝𝑟𝑠𝐺𝑠=1                                            (8) 849 

where 𝐸𝑥𝑝𝐶ℎ𝑔𝑟𝑠 is the percentage change rate of expenditure level of the sth expenditure bin in 850 

country r, which is obtained by subtracting the carbon tax burden from the original expenditure 851 

and adding the recycling revenue. 𝑒𝑟𝑖 is the expenditure elasticity of sector i in country r 852 
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(formula 7). 𝐸𝑋𝑃𝑟𝑖𝑠  is the initial per capita expenditure for sector i of the sth expenditure bin in 853 

country r. 𝑝𝑟𝑠 is the population for the sth expenditure bin in country r. For investment demand 854 

and government expenditure, we treat them as an expenditure bin with a population size of 1. 855 

Then, to recognise the emission effect stemming from consumption adjustment, we assume the 856 

production and trade patterns are fixed at pre-tax status. With these assumptions, we can get the 857 

new global carbon emissions by multiplying the new final demand in formula (8) with the 858 

sectoral carbon footprint in formula (1),  859 𝐸 = ∑ 𝑐𝐷𝑟𝑔𝑟                                                                         (9) 860 

Finally, the carbon emissions effects for carbon taxation and revenue recycling are the difference 861 

between the new global carbon emissions and the global carbon emissions in the pre-tax status. 862 

Limitations 863 

We acknowledge that both the data and the modelling in our study have limitations. 864 

GTAP-v11 only has data for 121 countries. Other countries are grouped and represented as 20 865 

aggregated regions. The paper includes 168 countries with poverty statistics to cover as many 866 

countries as possible for the analysis. We disaggregated the aggregated regions based on GDP 867 

and carbon emissions share to facilitate the analysis of missing countries. The underlying 868 

assumption is that countries within the same aggregated regions have similar production and 869 

trade patterns. GTAP is already our best choice among existing MRIO databases. For other 870 

alternative databases, such as Eora, despite covering 188 countries, the sectors were consolidated 871 

into 26 sectors69. A highly integrated sectoral classification can introduce significant integration 872 

errors in the sectoral carbon footprint accounting70,71.  873 

For the household expenditure data, we have integrated WBGCD and HBS by Eurostat as much 874 

as possible, but still only covering 119 countries. The role of consumption data is to provide an 875 

expenditure distribution structure to disaggregate the GTAP MRIO's total household 876 

consumption. We use the expenditure distribution structure of neighbouring countries with the 877 

same level of development as a proxy for the missing countries. Under the constraints of data 878 

availability, we believe this is an appropriate treatment. Nonetheless, at the global scale, the 879 

ranking of impact magnitude for various policy scenarios should be reliable. However, we must 880 

be more cautious about the results for the missing countries at the national level. 881 

For social assistance coverage estimates, there are also some limitations. Underreporting of 882 

social assistance may happen because of several reasons, including the fact that not all programs 883 

are covered in surveys (and the format of the surveys changes by country); in addition, the 884 
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surveys can underrepresent the part of the population covered by social assistance programs. 885 

That is why we chose to use different scenarios to give lower and upper bounds of coverage 886 

using comparable data. For the estimates related to the expansion during the COVID-19 887 

pandemic (S4), new nationally representative household surveys with information on the social 888 

assistance coverage during COVID-19 are not available for the majority of countries; the 889 

evidence is based mainly on administrative data that may double counts beneficiaries of pre-890 

COVID programs and beneficiaries of programs implemented/modified during COVID-19. We 891 

use estimates from such data, at the regional level; therefore, we simulate an expansion of social 892 

assistance similar to the one during the COVID-19 pandemic, to give an idea of a realistic short-893 

term expansion, rather than using precise information on the COVID-19 social assistance 894 

coverage by country. Finally, small limitations may arise as we match data on the distribution of 895 

social assistance coverage different data sources and surveys based on both consumption and 896 

income (depending on the county), with WBGCD expenditure data. 897 

In terms of modelling, this research is built on a static input-output model and thus has 898 

assumptions for fixed production and trade patterns. Fixed production and trade patterns imply 899 

that production and trade patterns do not change in response to changes in product prices caused 900 

by carbon taxes. Given the price rigidity and the time required for production adjustments, this 901 

assumption is reasonable for the short-term analysis72. Also, the short-term analysis in this paper 902 

does not account for the circular effect of emissions, tax revenue changes, and consumer 903 

response. Nonetheless, rather than providing an accurate measure of the impacts, this paper aims 904 

to obtain the right rank of different policy tools and thus shed light on the general principles we 905 

can apply to the design of just climate policies. 906 
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Extended Data 995 

Extended Data Table 1 | Carbon taxation scenarios  996 

 
Production/ 
consumption tax 

National 
Heterogeneity 

Sectoral 
Heterogeneity 

(T1) Global uniform production tax Production No No 

(T2) Nation-differentiated production tax Production Yes No 

(T3) Global uniform consumption tax Consumption No No 

(T4) Nation-differentiated consumption tax Consumption Yes No 

(T5) Luxury consumption tax Consumption No Yes 

(T6) Luxury & nation-differentiated consumption tax Consumption Yes Yes 

997 
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Extended Data Table 2 | Domestic and international tax revenue recycling mechanisms 998 

Name Description  

Domestic revenue recycling by social assistance programs 

(S1) Universal Partially feasible. An untargeted lump sum transfer in which all citizens 
receive the same benefit. 

(S2) Current cash transfer programs Feasible. Represents a lower bound of existing social programs that target 
the poorest, as it considers just cash-based programs; it stimulates an 
increase in the transfer level of current beneficiaries. 

(S3) Current social assistance  Feasible. Use all existing social assistance programs that target the 
poorest, stimulating an increase in the transfer level of current 
beneficiaries. 

(S4) Social assistance during the 
COVID-19 period 

Feasible. Based on an increased coverage of current social assistance that 
resembles the regional expansion rates during the COVID-19 period. 

(S5) Proxy Means Test (PMT) Hypothetical (ideal). Represents a progressive proxy means test based on 
household surveys, with some exclusion errors but high coverage of the 
poorest. 

International revenue recycling by global climate fund 

(G1) Historical emissions & poverty 
headcount 

The fund is gathered from developed countries based on their historically 
accumulated carbon emissions and redistributed to developing countries 
based on their extreme poverty headcount. 

(G2) Historical emissions & 
population 

The fund is gathered from developed countries based on their historically 
accumulated carbon emissions and redistributed to developing countries 
based on their population. 

(G3) Historical emissions & poverty 
gap 

The fund is gathered from developed countries based on their historically 
accumulated carbon emissions and redistributed to developing countries 
based on their poverty gap. 

(G4) Current emissions & poverty 
headcount 

The fund is gathered from developed countries based on their current 
carbon emissions and redistributed to developing countries based on their 
extreme poverty headcount. 

(G5) Current emissions & population The fund is gathered from developed countries based on their current 
carbon emissions and redistributed to developing countries based on their 
population. 

(G6) Current emissions & poverty gap The fund is gathered from developed countries based on their current 
carbon emissions and redistributed to developing countries based on their 
extreme poverty gap. 

999 
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 1000 
Extended Data Fig. 1 | Region classification. 1001 
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 1002 
Extended Data Fig. 2 | The best internal recycling mechanism for each country judged by extreme poverty 1003 
reduction effect. The potential for poverty reduction under various social assistance scenarios is compared using the 1004 
average poverty reduction effect when they are combined with six carbon taxation scenarios. 1005 
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 1006 
Extended Data Fig. 3 | Percentage changes of poverty headcount at national poverty lines under the best 1007 
policy mix. The best policy mix is the luxury consumption tax (T5) + social assistance during the COVID-19 1008 
pandemic (S4) + current emissions & poverty headcount (G4). 1009 
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 1010 
Extended Data Fig. 4 | Percentage changes of poverty headcount at international (extreme) poverty line under 1011 
the best policy mix. The best policy mix is the luxury consumption tax (T5) + social assistance during the COVID-1012 
19 pandemic (S4) + current emissions & poverty headcount (G4). 1013 
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 1014 
Extended Data Fig. 5 | Percentage changes of Gini coefficient under the best policy mix. The best policy mix is 1015 
the luxury consumption tax (T5) + social assistance during the COVID-19 pandemic (S4) + current emissions & 1016 
poverty headcount (G4). 1017 
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 1018 
Extended Data Fig. 6 | Global extreme poverty reduction under different tax levels. 1019 
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