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Abstract
Many countries have set ambitious long-term emissions reduction targets for reaching the goal in alignment with the Paris 
Agreement. However, large-scale emission reduction efforts may influence poverty by various economic channels. Here, we 
show the extent to which climate change mitigation, excluding climate change impacts, has the potential to increase poverty, 
and have identified its factors such as income, price changes, and direct and indirect carbon pricing impacts. We found that 
the global poverty headcount could increase by 69 million (19%) in 2030 relative to the baseline for climate change mitigation 
with global uniform carbon prices. Moreover, our decomposition analysis revealed that both price and income change effects 
were major factors that could increase the poverty headcount, which are 55% and 40%, respectively. This adverse side effect 
could be mitigated by various measures, such as emission regulations and an enhancement of energy efficiency standards 
beyond the typical simple carbon tax. Our results imply that global climate change mitigation policy should place more 
attention on economic development in poor countries.
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Introduction

The Paris Agreement (UNFCCC 2015) (PA) was a turning 
point for international climate policy. It defined the long-
term climate policy goal as holding the increase in the global 
average temperature to well below 2 °C above pre-indus-
trial levels. Moreover, the PA also encouraged the pursuit 
of efforts to limit the temperature increase to 1.5 °C above 

pre-industrial levels. Many countries have now set so-called 
long-term strategies, declaring mid-century goals. Aligning 
with this long-term climate goal, most countries have sub-
mitted Nationally Determined Contributions (NDCs), deter-
mining near-term actions toward greenhouse gas (GHG) 
emissions reduction.

Low-income (or developing) countries are not exceptions 
to this global trend of pursuing decarbonisation or carbon 
neutrality. Given the current situation where non-OECD 
countries account for 72% of total global GHG emissions 
(Gütschow et al. 2021) and play an important role in reduc-
ing emissions (Unit ECI 2021), questions have arisen with 
regard to how poverty is affected by climate change mitiga-
tion and what policy instruments would reduce the emissions 
without harming economic growth or exacerbating poverty. 
Although the Sustainable Development Goals (SDGs) of 
SDG 1 “No poverty”, SDG8 “Sustainable economic growth” 
and SDG 13 “Climate actions” have been established, their 
synergies and trade-offs, or how to mitigate the trade-offs by 
achieving them simultaneously has not yet been well under-
stood. Conventionally, these poverty and climate change 
mitigation interactions are often discussed within the context 
of sharing the effort/burden of how to allocate the globally 
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required emissions reductions (den Elzen et al. 2009; van 
den Berg et al. 2019; Bauer et al. 2020). The central issue is: 
to what extent should economic development and emissions 
reduction be balanced under equity, efficiency and capability 
principles? Among the effort-sharing schemes, greenhouse 
development rights (GDR) is the most relevant to the pov-
erty and economic development context. The scheme uses 
the Responsibility–Capacity Index (RCI) that considers 
income inequality within the countries and poverty (Baer 
2013).

There are multiple political ways to motivate GHG 
emission reductions, among which carbon pricing is 
considered to be efficient and effective (Klenert et al. 2018). 
Regarding the distributional impacts within countries of 
carbon pricing (or carbon taxes) (Klenert et  al. 2018; 
Bataille et al. 2018), it is well known that carbon pricing 
will affect household consumption and welfare, which is 
relevant to the variation of income levels and consumption 
patterns. Consequently, a carbon pricing policy would 
have heterogeneous impacts dependent on income and 
geographical region. From that perspective, there have 
been some studies in selected countries of this distributional 
effect within countries (Kerkhof et al. 2008; Callan et al. 
2009; Dissou and Siddiqui 2014; Dorband et  al. 2019; 
Hussein et al. 2013). For example, exempting the carbon 
tax implicitly or explicitly for low-income households may 
be possible by making changes to the income tax system or 
carbon tax revenue recycling (Fujimori et al. 2020; Jakob 
et al. 2016). Regarding the interaction between poverty 
and climate change impacts, earlier studies have reported 
that there would be regressive impacts in climate change 
impacts (Hallegatte and Rozenberg 2017; Diffenbaugh et al. 
2007; Hallegatte et al. 2015, 2018). There are studies that 
explored the future poverty populations. Crespo Cuaresma 
et al. (2018), Jafino et al. (2020) and World Bank (2020) are 
remarkable studies presenting poverty conditions for future 
and multi-dimensional aspects of poverty. However, they do 
not assess the effects of climate change mitigation measures. 
Campagnolo and De Cian (2020) and Campagnolo and 
Davide (2019) show the changes in poverty headcount 
impacts associated with climate change mitigation. They 
made a significant advancement in poverty headcount 
projection methodology, which uses an econometric 
approach where GDP per capita and Palma ratio is used. 
Furthermore, the Palma ratio is represented as industrial 
structure, education, unemployment, etc. This approach 
allows seeing the effects of GDP and other industrial 
structural change impacts, whereas how the price mechanism 
would influence the poverty headcount is unrevealed. 
Soergel et al. (2021) showed climate change mitigation 
effects on poverty with variations of tax revenue recycling, 
and Fujimori et al. (2020) also attempted its potential. There 
have been also studies that applied partial equilibrium model 

highlighting the importance of subsidies (Poblete-Cazenave 
et al. 2021; Cameron et al. 2016). However, from these 
existing studies, it has not yet been known what factors such 
as income, price changes, and direct and indirect carbon 
pricing impacts can drive the poverty increases and what 
complementary policy measures need to be considered.

In particular, given that many countries are seeking 
carbon neutrality under the current international regime, 
i.e. the PA, it would be useful to understand more fully the 
interaction between climate change mitigation and poverty.

Here, we assessed the impacts of climate change 
mitigation policy on global poverty numerically by 
implementing an integrated assessment model (IAM). 
Primarily, we attempted to answer the questions of whether 
climate change mitigation policy would negatively or 
positively change poverty conditions and what were 
the major factors driving such changes. Because it was 
speculated that climate change mitigation could negatively 
affect poverty, we attempted to argue policy instruments that 
would potentially reduce these adverse side effects. Note 
that since our primary focus is to understand the interaction 
between climate change mitigation and poverty, we mainly 
investigated how the price and income changes associated 
with climate change mitigation would change poverty. This 
study eventually aims to contribute to climate policy making 
and particularly for the policy instrument designs regarding 
carbon pricing. Carbon pricing could have adverse side 
effects on unevenly depending on the income levels and 
probably this study could be used as a guide for such policy 
making. The current situation that generates actual poverty 
is complex and we admit that we cannot fully represent it. 
Thus, it would be better to interpret our results in a way that 
given the poverty headcount in the baseline, how can it be 
affected by climate change mitigation. For this purpose, we 
applied a state-of-the-art integrated assessment modelling 
framework, the Asia–Pacific Integrated Model (AIM) 
(Fujimori et al. 2017a, b), which includes energy, land use, 
economy and household consumption behavioural systems 
in an integrated platform that allows the poverty implications 
of global climate change mitigation to be assessed. Note that 
this study excludes the climate change impacts and climate 
change mitigation side effects such as air pollution changes.

Method

We developed scenarios focusing on the current interna-
tional climate policy decisions associated with the PA. Four 
scenarios: baseline, NDC, well below 2 °C and well below 
1.5 °C (hereafter WB2C and 1.5C) were analysed in this 
study. The scenario framework itself is more or less similar 
to the earlier study Fujimori et al. (2020) but the model ver-
sions are updated and results are also slightly different from 



2247Sustainability Science (2023) 18:2245–2257	

1 3

that. We analysed four scenarios using Shared Socioeco-
nomic Pathway 2 (SSP2) as the background socioeconomic 
assumption widely used as the middle of the five SSPs. 
While SSP3 and SSP4 could have a more unequal perspec-
tive than SSP2, and they may change the numbers, we took 
SSP2 because it is expected that the aspects that we mainly 
focused on would not be qualitatively affected as the previ-
ous study (Fujimori et al. 2020) using SSP variations did not 
show qualitative differences in the effectiveness of carbon 
taxes revenue. The baseline reflects the historical trend up 
to 2015, extended without additional climate policy. The 
NDC scenario assumed that each country’s emissions were 
consistent with their NDC submitted to the United Nations 
Framework Convention on Climate Change (UNFCCC) for 
the PA by that country (no updates submitted after 2020 
were considered). The WB2C and 1.5C scenarios were con-
sistent with temperature changes of 2 °C and 1.5 °C, respec-
tively, assuming a globally uniform carbon price. This would 
imply that all countries participated in emission reduction 
efforts in a cost-efficient manner. The two scenarios were 
consistent with the recent IPCC (Inter-governmental Panel 
on Climate Change) special report on the 1.5 °C target 
(Rogelj et al. 2018). Comparisons of these scenarios clari-
fied the effectiveness of stringent climate change mitigation 
policies. The primary analysis was conducted using a pov-
erty line of $1.90 a day (2011 PPP), which is widely used 
in an international context (World Bank 2018a) and they 
are based on consumption data. In our country-wise pov-
erty estimation, we considered the consumption (income) 
distribution within countries. We mainly used two indicators 
for poverty: a poverty headcount, which was the absolute 
population under the poverty line, and a poverty rate, which 
represents the ratio of the poverty headcount to the total 
population. There are two notifications here. First, consider-
ing the reality, the poverty threshold should ideally depend 
on countries, but here we adopt international uniform thresh-
olds that would be better to be considered to interpret the 
results. Second, we did not include climate change effects 
(such as the impacts on agricultural yield, water resources 
and biodiversity indexes), although climate change will have 
impacts on these factors.

We used the AIM modelling framework as a tool 
for scenario quantification, which allowed us to assess 
macroeconomic factors globally, including the energy 
system, land use, agriculture, GHG emissions and climate. 
The model has been applied in various global and national 
studies (Ohashi et al. 2019; Hasegawa et al. 2018; Fujimori 
et al. 2019a, b). The core of the modelling framework is 
a computable general equilibrium (CGE) model called 
AIM/Hub (formerly named AIM/CGE). For this study, we 
used a model, AIM/PHI (poverty, household and income 
distribution model) that specifically computed the income 
distributions and household expenditures within countries 

and accounted for the poverty headcount. Compared with 
earlier studies (Hussein et al. 2013; Soergel et al. 2021), this 
model has an advantage to represent household goods-wise 
consumption by income segments so that we can identify the 
income and price factors appropriately.

The approach used here was a two-step calculation, as 
shown in Fig. 1. First, we ran AIM/Hub to derive macroeco-
nomic indicators and price changes, and then we ran AIM/
PHI using the AIM/Hub results as inputs. This approach 
has been discussed previously in the context of incorporat-
ing income distribution into CGE models (van Ruijven et al. 
2015). We first ran the AIM/Hub model, which implemented 
emissions constraints that were consistent with the global 
long-term goals. This model gives equilibrium prices for 
the production and consumption of all goods and services by 
sector, including energy and agricultural goods as well as the 
production factor supply (labour, capital and land). Then, the 
prices of goods and macroeconomic impact (income losses) 
information were fed into the household model (AIM/PHI) 
(Fujimori et al. 2020), which generated household consump-
tion by income class and poverty-related indicators. AIM/
PHI model consisted of two parts: an income distribution 
model and expenditure model. The former estimated the 
income distribution. This income distribution was based 
on Gini coefficient (Rao et al. 2019) and macroeconomic 
conditions that were affected by income losses. Then, 
income information was fed into the expenditure model, 
which assessed the impacts of each price change on actual 
household consumption for each income segment implicitly 
assuming that the saving ratio was not affected by climate 
change mitigation. This assumption is based on the logic 
that saving-debt conditions would not be able to change 
persistently for the long-term future due to climate change 
mitigation without additional policy intervention (e.g. tax 
system changes). Overall, the combination of AIM/Hub and 
AIM/PHI modelling framework allows us to identify income 
and price effects on household consumption by individual 
income classes. For more details, see the in Supplementary 
Note. Supplementary Figures 13, 14, 15 and 18 also exhibit 
the model reproducibility of observations.

Results

Overview of poverty projection

The global poverty headcount was estimated to decrease 
continuously over the coming decades, from 736 million in 
2015 to 355 million in 2030 and 90 million in 2050 in the 
baseline scenario (Fig. 2a). The main driver of this strong 
reduction of poverty was the income growth with stable 
equality conditions within countries, as represented by the 
Gini coefficient (Supplementary Figure 1). These numbers 
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might be affected by the recent COVID-19 pandemic (Ber-
tram et al. 2021; Quéré et al. 2021) although its effect has 
not been reflected yet. The poverty rate displayed a similar 
trend, varying from 0.11 to 0.043 and 0.0097 in 2015, 2030 
and 2050 in the baseline, respectively. Comparing with an 
earlier study (Soergel et al. 2021), the baseline projection 
and additional poverty headcount associated with climate 
change mitigation at 2030 are close and they reported 350 
and 52 million people, respectively, while this study does 
355 and 65 million.

Climate change mitigation increased the poverty 
headcount by 65 and 18 million people in 2030 and 2050 
respectively in the WB2C scenario, which represented 
increases of 19% and 21% relative to the baseline level. The 
absolute headcount was very low in 2050 due to economic 
growth in the baseline scenario and, therefore, the absolute 
changes caused by climate change mitigation would be 
relatively small in 2050 (Fig. 2a, b). The 1.5C displayed a 

similar trend to the WB2C scenario, but the climate change 
mitigation impact was larger than WB2C. Climate change 
mitigation changed these poverty indicators in two main 
ways. First, the losses in general income associated with 
the abatement of emissions had macroeconomic impacts 
and decreased the growth of income and production (GDP) 
(Fig. 2h, i and Supplementary Figure 1), which made the 
population consumption distribution diverge leftward 
(Fig. 2c, d). Second, goods and service prices, particularly 
energy-related goods, were largely affected by carbon 
pricing, which had a distributional effect within countries 
on household consumption (Fig. 2j). This price effect may 
be regressive or progressive depending on the household 
expenditure structure, with the global total showing 
regressive results, resulting in increases in the poverty 
headcount. This is discussed in detail later.

Regionally, the overall effects of climate change miti-
gation on poverty were similar to the global situation. 

Fig. 1   Modelling framework
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Historically, Asia and Africa have accounted for a large 
share of global poverty, but in Asia there has been a sub-
stantial decrease in the poverty headcount in recent decades. 
This trend continued in the baseline scenario. Asia currently 
accounts for 45% of the global total poverty headcount. The 
number was projected to decline to 24% and 19% in 2030 
and 2050, respectively, in the baseline scenario (Fig. 2f, g). 
Under climate change mitigation, the trend was not very dif-
ferent among regions, although the magnitude was found to 
differ. The contribution of Asia to the global total increased 
compared with the baseline scenario and an additional 36 
million people (44% relative to the baseline) could poten-
tially fall into extreme poverty in 2030. Likewise, Africa 
and the Middle East currently have 41 million people under 
extreme poverty, which was projected to increase to 260 mil-
lion in 2030 in the baseline scenario, but climate change mit-
igation generated an additional 25 million poverty headcount 
(10%) in the WB2C scenario (see the regional macro indi-
cators Supplementary Figure 2–Supplementary Figure 6).

Spatial distribution maps provide an overview of the 
global heterogeneity of poverty. The poverty rates in the 
baseline scenario were remarkably high in African regions 
in 2030 (Fig. 3a). Somalia, Central African Republic and 
Madagascar were the countries where the most severe pov-
erty remained, as expressed by poverty rates of 0.77, 0.61 
and 0.52, respectively. In contrast, the map of the poverty 
headcount indicated that some countries had large poverty 
headcounts, e.g. Nigeria and India at 79 and 57 million peo-
ple, respectively (Fig. 3c). In these countries, the poverty 
rates were not exceptionally high, but the poverty headcount 
was high due to their large populations. The changes in pov-
erty rates from the baseline to mitigation scenarios (WB2C) 
were much more evenly distributed among countries than 
the baseline poverty rates (Fig. 3b). This was because in our 
climate change mitigation scenarios, a uniform carbon price 
was assumed. Interestingly, the absolute changes in the pop-
ulation affected by poverty associated with climate change 
mitigation were heterogeneous, with India being remarkably 
high (30 million: 50% of the baseline scenario) followed 
by Nigeria (5.5 million: 7% of the baseline scenario). This 
remarkable increase in the poverty headcount was primar-
ily due to the high poverty level in the baseline scenario 
(see Supplementary Figure 7 for the regional consumption 
distribution). If the poverty rate was large in the baseline 
scenario, it was also sensitive to the mitigation policies in 
terms of poverty headcount (see Supplementary Figure 8 for 
the 1.5C scenario).

Income and price effects

We then considered whether income or price effects were 
the dominant factors in increasing the poverty headcount. 
The price effects could be further split into direct carbon 

tax effects and indirect goods price change effects. The for-
mer corresponds to a carbon tax imposition on household 
consumption (e.g. carbon price penalty on gas consump-
tion), while the latter refers to the price changes caused by 
emissions abatement costs and the carbon tax penalty on 
the residual emissions (e.g. electricity price changes asso-
ciated with the renewable energy cost plus the carbon tax 
penalty on residual coal-fired power plants). We conducted 
a decomposition analysis of these three factors and observed 
that the three effects varied substantially across the scenar-
ios and years investigated (see “Method” for details of the 
decomposition analysis). The income effect associated with 
general macroeconomic loss was the major factor across sce-
narios. In 2030, income effects accounted for 70% and 55% 
of the poverty headcount in the WB2C and 1.5C scenarios, 
respectively. In 2050, the income factor was dominant (over 
70%) in all scenarios (Fig. 4a, b). With regard to the price 
effects, indirect price change effects were much larger than 
the direct carbon tax imposition effects. Although the car-
bon price in the 1.5C scenario was not very different from 
that in the WB2C scenario (Fig. 2j), the indirect price effect 
was much larger in the 1.5C scenario than in the WB2C 
scenario (40% and 24%, respectively). This was due to the 
increase in energy and food goods that was mainly driven 
by the abatement cost of agricultural non-CO2 emissions 
and the electricity sector (Fig. 4e and Supplementary Fig-
ure 11). In 2030, the effects of changes in the price of energy 
goods were much more prominent under stringent climate 
mitigation cases. The NDC scenario had low carbon prices 
leading to relatively fewer price changes. The third factor 
is direct carbon tax penalty on households but compared 
with the above two factors, this is minor. We also confirmed 
similar decomposition results under variations of poverty 
thresholds namely, 3.2 and 5.5 $/day/cap.

Regionally, the overall trends were similar in Asia and 
Africa (Fig. 4c, d) and income effects were dominant. The 
stronger the climate change mitigation ambition became, the 
larger the indirect price effect became. The country-wise 
results were not as homogenous as the aggregated regional 
results and were dependent on the household consumption 
structure (Supplementary Figure 12). For example, the 
indirect price effect was more prominent in Brazil, which 
was due to the relatively large price changes in food-related 
goods.

Discussion

How can we avoid these adverse side effects?

Having established that climate change mitigation policies 
have adverse implications for poverty, there is a need to 



2250	 Sustainability Science (2023) 18:2245–2257

1 3



2251Sustainability Science (2023) 18:2245–2257	

1 3

implement countermeasures to avoid these adverse side 
effects. Here, we summarise and discuss the potential 
countermeasures (Table 1).

First, the macroeconomic impacts associated with emis-
sions reductions were largely due to income losses. It would 
not be easy to moderate this income loss, but one way would 
be a social transformation, in which the societal system has a 
lower energy demand, undergoes dietary changes and bene-
fits from advanced technological development which eventu-
ally could mitigate the macroeconomic cost associated with 
general climate change mitigation (Liu et al. 2020; Grubler 
et al. 2018; van Vuuren et al. 2018). The potential of lower-
ing energy demand would depend on the regions and sectors. 
For example, in high-income countries with high energy effi-
ciency, lifestyle changes such as dematerialisation and living 

in a relatively smaller area may play an important role. In 
low or middle-income countries, implementing new energy-
efficient technologies would contribute, but probably con-
sidering low emissions or high energy efficiency in the new 
infrastructure development or urban planning would play a 
significant role in the development. While this would avoid 
the adverse side effects, technological progress in energy 
demand and supply is uncertain and cannot be relied upon. 
In addition, SDG1 “No poverty” insists that the poor have 
access to land, natural resources and technologies, as well 
as reduced exposure to climate events and its relative risks, 
which also strongly resonates with improving smallholder 
income. When considering the impacts of climate change, 
mitigation is not always a cost and could have the benefit 
of avoiding severe impacts. However, in the near term (e.g. 
2030), the impacts would be limited compared to the long-
term effects, and issues of income loss therefore need to be 
considered (Takakura et al. 2019).

Second, because the imposition of a carbon tax is one of 
the factors that would increase energy and food goods prices, 
leading to increases in the poverty headcount, there should 
be a central debate to assess carbon tax as a realistic political 
instrument for developing counties that face extreme poverty. 
There are various alternative political instruments in carbon 

Fig. 2   Panels a and b present the global trends in poverty headcount 
and poverty rate. Global income distribution by year in the baseline 
and 2030 and 2050 scenarios are shown in panels c, d and e, respec-
tively. The regional breakdown of the poverty headcount is shown 
as the absolute number and share in panels f and g, respectively (the 
regional classifications for aggregated regions are given in Supple-
mentary Note 1). Global total CO2 emissions, GDP losses and carbon 
prices are presented in panels h, i and j, respectively

◂

Fig. 3   a Poverty rate in the 2030 baseline scenario. b Poverty rate differences between the baseline and WB2C scenarios in 2030. c Poverty 
headcount in the 2030 baseline scenario. d Poverty headcount differences in 2030 between the baseline and WB2C scenarios
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pricing, including emissions reductions. Even among the 
measures using market mechanisms, there are alternatives, 
for example subsidies and a cap and trade policy. However, 
a carbon tax is potentially an efficient mechanism, with 
other instruments requiring information on the emissions 
and abatement costs to realise an economically efficient 
reduction equivalent to the carbon tax. This implies that 
non-carbon tax measures would generate high emissions 
reduction costs, leading to large macroeconomic impacts, 
while the relative changes in the poverty headcount would 
be more modest than with a direct carbon tax. Therefore, it 
might be worth considering non-carbon tax instruments in 
low-income countries, which would also be consistent with 
the current energy poverty debate (Cameron et al. 2016) as 
well as more inclusive policy designs beyond simple carbon 
pricing (Fujimori et al. 2018).

Third, even under carbon tax conditions, there is room 
to mitigate the impacts of household consumption. For 
example, exempting the carbon tax implicitly or explicitly 
for low-income households may be possible by making 
changes to the income tax system or carbon tax revenue 
recycling (Fujimori et  al. 2020). If the carbon tax is 
exempted from household consumption, the power of a 
carbon tax to generate emissions reductions is diminished 
and stronger emissions reduction policies would be required 
than without such an exemption. Using carbon tax revenue 
recycling as a source of revenue is a realistic option, but the 
government would need to obtain a full picture of individual 
household income.

Forth, the current modelling approach does not allow us 
to investigate how to eradicate poverty more in depth (e.g. 
how we can change the current baseline projection). To 
address this, we might need more elaboration in the poverty 
modelling with consideration of social and microeconomic 
aspects. Moreover, considering the model results from the 
temporal perspective and these adverse side effects, strong 
emissions reduction efforts in the near term (e.g. 2030) 
might be better to be discussed. Relatively large adverse 
side effects happen in 2030 mainly due to the combination 
of the remaining baseline poverty and high carbon prices. 
At 2050, even carbon price level would not change so much 
from 2030, while the baseline poverty goes to a substantially 
lower level which lessens the adverse side effects. Therefore, 
postponing emissions reduction efforts to the later timing 

could look attractive from this poverty aspect. However, 
we would like to note here that delayed action requires 
substantial negative emissions in the latter half of this 
century to meet the long-term climate objective, which 
should be seriously considered as trade-off.

It would be relatively easier for developed countries to 
get the picture of individual household income and support 
low-income classes using the current system. On the other 
hand, it would be particularly challenging for developing 
countries. Therefore, a carbon tax may not be an attractive 
option for such countries. Implementing energy efficiency 
standards, direct emissions (or energy consumption) 
regulations and other various political instruments may 
need to be considered. Interestingly, the efficiency of the 
carbon tax for emissions reduction and equality would be 
a trade-off that should be value-judged finally. It should 
be noted that the efficiency of the carbon tax for emissions 
reduction and that for equality would be under a  trade-
off relationship. Moreover, interestingly, supposing that 
carbon neutrality or similar conditions are achieved at some 
point, the carbon tax revenue will vanish, implying that the 
option of the carbon tax revenue may have different poverty 
implications depending on the emission level. It could also 
be possible that the role of carbon tax revenue for income 
redistribution would be limited to the short to medium term 
before emissions are eliminated, and in the long term such 
as later than mid-century, society would largely not be able 
to rely on the carbon tax revenue.

Finally, exempting emissions reductions from the least 
developed countries could be an option for the international 
community. As Fig. 5 indicates, the least developed coun-
tries with the highest poverty rates (more than 90%) emit 
only 10% of the global CO2. This implies that economic and 
social development in the least developed countries would 
have little impact on total global emissions due to their small 
share of global CO2 emissions, while poor people could be 
shielded from the adverse side effects of climate mitiga-
tion. There are discussions that need to happen regarding 
the global sharing of effort in climate mitigation, which are 
relevant to the concept of green development rights (Baer 
2013). There should also be consideration of carbon leak-
age and carbon border adjustment if some countries are 
exempted from emission reductions. To determine or sug-
gest a specific effort-sharing scheme is beyond the scope 
of this study, but the above insights may contribute to the 
international political discussion.

Caveats

Finally, there are some caveats in this study. In our 
modelling, the income side has room to improve at least 
from three perspectives. First is to consider the income 
distribution changes associated with climate change 

Fig. 4   Decomposition of direct carbon tax, indirect price changes and 
income effects on the poverty headcounts. Panels a and b show the 
decomposition of mitigation scenario-wise global poverty changes 
relative to the baseline scenarios in 2030 and in 2050, and its propor-
tional shares. Panels c and d show the regional (Asian and African) 
picture in 2030. Panel e illustrates the price changes relative to the 
baseline scenario. CtaxDirect, IncomeEff and PriceEff in the legends 
of panels a–d indicate a direct carbon tax on household consumption, 
income effects and indirect price effects, respectively
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mitigation. Manufacturing and energy sectors would 
be affected by energy structural changes which cause 
a shift in labour from fossil-fuel-based industries to 
others. Eventually, these changes would affect individual 
households. Under some specific conditions, particularly at 
the individual household level, these factors could be major 
determinants of poverty under some national circumstances 
which could be heterogeneous for various countries (Hussein 
et  al. 2013). Second point is inclusion of saving. We 
implicitly assume that saving level is kept as the base year, 
but it would be dependent on countries and income classes 
and the final results of poverty headcount could be affected 
positively or negatively. Third, we used the Implicitly 
Additive Demand System (AIDADS) function to represent 
household expenditure behaviour, with parameters obtained 
from the best available global and regional data (World Bank 
2018b). However, the data quality for developing counties 
was not good and improvements in household survey data 
would lead to a better understanding of our estimates. This 
quality issue presented a challenge for goods classification. 
Energy and food goods are currently highly disaggregated, 
and it would be useful to separate them because energy and 
food consumption are important elements determining the 
responses to climate change mitigation. Currently, more than 
a billion people still rely on traditional biomass energy. The 
transition in energy composition would be an important 
element to better understand poverty and energy poverty 
(Poblete-Cazenave et al. 2021). However, due to the data 
limitation, we have not yet represented these detailed energy 
consumption  in our modelling framework. Finally, the 
results of household model (AIM/PHI) has not yet been fed 

back to the CGE model (AIM/Hub) but it would be desired 
to be fully coupled. This improvement would allow us to get 
fully consistent macroeconomic feedback into the poverty 
estimates. For example, as Fujimori et al. (2020) did, carbon 
tax revenue recycling policy could be more elaborated. As 
is mentioned in the introduction, multi-dimensional poverty 
assessment would be demanded for the future research to 
provide a comprehensive view on poverty. This obviously 
requires further model extension and new development, but 
considering our current poverty main argument, it would be 
also worth it to go that direction.

Conclusions

This study examined the future poverty implications associ-
ated with climate change mitigation, considering macroeco-
nomic losses and price changes as a channel to poverty, par-
ticularly in low-income countries. The adverse side effects 
varied temporally and spatially. The estimated change in 
poverty rates relative to the baseline were relatively small, 
but there was concern in terms of the increase in the abso-
lute number of people living in poverty. A decomposition 
analysis suggested that the reduction of poverty should be 
sought not only through lower commodity prices but also 
higher incomes.

We considered potential countermeasures to the 
abovementioned adverse side effects. It is often the case 
that, in political options, there are pros and cons for each 
political instrument and, therefore, policymakers should 
consider comprehensively the wide range of potential 

Fig. 5   Poverty rate (left axis) and the proportional share of the country-wise cumulative CO2 emissions and cumulative poverty headcount (right 
axis) among the global total in the baseline scenarios in 2030
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effects. We believe that there is no single best solution 
and the actual measures depend on the conditions in each 
individual country. However, it is clear that carbon pricing 
is not always good for poor countries and should only be 
implemented alongside other supplementary policies, with 
the role of government being critical.

We think advancing other research disciplines relevant 
to poverty and development would be useful to elaborate 
this research. In particular, the theoretical and empirical 
assessment would largely contribute. For example, 
household survey data are currently limited, but if the 
data availability improves and more empirical studies are 
accumulated, we could consider revising the functional 
form in our model. This could eventually also give rise to 
interesting research areas that would not be limited to the 
poverty represented by economic conditions but would also 
consider food, energy, health and other SDG-related aspects.
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