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Abstract

Is it possible for countries to eradicate poverty while also meeting environmental goals?
Despite the passage of international agreements calling for these issues to be addressed
simultaneously, little is known about the direct relationship between them. This study
addresses this gap by proposing a new and composite indicator that integrates measures
for both poverty and environmental outcomes (carbon emissions) into a single variable, the
carbon intensity of poverty reduction (CIPR). This variable defines the trade-off between
the proportional changes of emissions per capita and of the share of the population above
the poverty line. In parallel an analytic framework is developed to formulate propositions
concerning the possible effects of growth and inequality on the CIPR. The propositions
are tested empirically using data from 135 countries across a 30-year time period (1981—
2012). The findings confirm that the carbon intensity of poverty reduction is heterogene-
ous across countries. This heterogeneity is partly explained by economic growth, which is
found to have a negative effect on the CIPR up to a certain income level, defined here as a
“turning point”. Above that turning point, economic growth increases the CIPR. By con-
trast, inequality reduction is shown to have a significant negative effect on the CIPR. This
study contributes to the literature on sustainable development by analytically and quantita-
tively linking its three dimensions (social, economic and environmental) and by employing
a composite indicator that directly measures the trade-off between poverty reduction and
emission levels across countries.
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1 Introduction

Is it possible for countries to eradicate poverty while also meeting environmental goals?
Does economic growth make poverty reduction more environmentally sustainable? These
questions are critical as global poverty and climate change are two of the most pressing
issues of our time. Despite a significant reduction in poverty levels over the last decades,
one billion people still live in extreme poverty (Sumner 2016). At the same time, emis-
sion levels are crossing dangerous boundaries (Steffen et al. 2015). Recent international
agreements, such as the Sustainable Development Goals (SDGs) and the Paris Agreement,
underline the urgency and relevance of both poverty eradication and environmental goals.
These agreements also imply that these goals need to be achieved simultaneously (Hubacek
et al. 2017).

Two of the main drivers of both poverty reduction and emission levels have been iden-
tified as economic growth and inequality, both of which are central policy issues (Fre-
istein and Mahlert 2016; Schmelzer 2015). Overall, empirical evidence shows that, over
the past two centuries, economic development has resulted in a sharp decrease in abso-
lute poverty worldwide. Yet it has also lead to a significant increase in global emissions.
Scholarship suggests, therefore, that a trade-off exists between reductions in poverty and
increases in emissions if economic growth is pursued. In parallel, reductions in inequal-
ity, while decreasing poverty, have been shown to have an ambiguous effect on emission
levels. Yet these conclusions are drawn from studies that examine poverty and environ-
mental degradation as separate issues. Little has been done to date to analyze explicitly
the trade-off between these two phenomena directly, or to understand whether or not it
is feasible to eradicate poverty within sustainable emission levels. This leaves important
research questions unanswered. If the general pattern that emerges is one in which global
emissions increase as poverty decreases, is this pattern consistent across all countries and
across all types of development? What role do economic growth and inequality play in
shaping this pattern? Can the pursuit of economic growth alone work to achieve both pov-
erty eradication and climate mitigation or is it necessary to focus on inequality reduction
and redistribution?

This study starts from a premise, confirmed from the data that will be presented in
Sect. 2, that the trade-off between poverty reduction and emissions is heterogeneous across
countries. In many cases, reductions in poverty are, as commonly expected, accompanied
by increases in emission levels. Some countries, however, have been able to achieve reduc-
tions in poverty while maintaining, or even decreasing, emission levels. These findings
are consistent with comparable research documenting the heterogeneity in the relationship
between CO, emissions and well-being, measured with indicators such as life expectancy
(Jorgenson 2014). A deeper understanding of these patterns is therefore needed to under-
stand the factors that might explain such heterogeneity.

This study addresses the research questions presented above in two steps. The first step,
and the first contribution of the study, consists in the development of a composite measure
that integrates emissions and poverty into a single variable, the carbon intensity of pov-
erty reduction (CIPR). This variable can be defined as the proportional change in the ratio
between per capita emissions and the proportion of the population above the poverty line
(defined as non-poverty). In parallel an analytic framework is also developed to formulate
hypotheses concerning the possible effects of growth and inequality on the CIPR. Their
effect is positive when emission levels increase proportionally more than well-being, in the
form of non-poverty. In this case, poverty reduction becomes more carbon intensive. The

@ Springer



The Trade-off Between Poverty Reduction and Carbon Emissions,... 589

second step involves an empirical test of the framework through an econometric analysis.
Data has been collected from multiple sources on 135 countries, representing the majority
of both global emissions and populations in poverty. The data covers the period between
1981 and 2012.

In particular, the aim of the econometric analysis is to estimate the effects of eco-
nomic growth and inequality on the CIPR. More specifically, the analysis seeks to under-
stand whether these relationships are non-linear and may, therefore, be represented by a
(inverted) Kuznets curve (Stern 2017). In the case of non-linearity in relation to economic
growth, the analysis also seeks to identify the turning point of the curve, defined as the
income level above which a further rise in mean income would reverse its effect on the car-
bon intensity of poverty reduction.

The empirical estimation, based on the proposed analytical framework, confirms that,
at the country level, the effect of economic growth on the CIPR is non-linear: up to a cer-
tain income level, further growth has a negative effect (reduces the carbon intensity), while
after a turning point, the effect becomes positive. This confirms previous studies that ana-
lyze other well-being indicators other than poverty (Dietz et al. 2012). By contrast, the
results also present a novel finding in that reductions in inequality consistently reduce the
CIPR. The results are robust for different poverty lines and different model specifications.
Overall, the study provides an initial analysis of the effects of economic development and
income inequality on the direct trade-off between poverty reduction and environmen-
tal degradation. The study concludes by discussing these findings in the context of both
social and economic policy; in particular, the study suggests that the pursuit of economic
growth in richer countries is not an environmentally sustainable solution to eradicate pov-
erty (Kallis et al. 2018). The results also highlights the tension between national and global
sustainable development goals (Steffen et al. 2015).

The article is organized as follows. Section 2 presents a preliminary analysis of the cur-
rent and past trends of poverty and emission levels. In Sect. 3 the extant literature on the
factors that impact poverty and emissions is reviewed, with particular emphasis on eco-
nomic development and inequality. Section 4 develops an analytical framework unifying
the literatures previously examined. Section 5 then presents the data and the estimation
methods used for the econometric analysis. The results of the estimations are presented in
Sect. 6, while the conclusions and policy implications are discussed in Sect. 7.

2 Current and Recent Trends in Global Poverty and Emissions

Much progress has been made in the fight to eradicate income poverty over the past dec-
ades.! Extreme poverty (US$ 1.90 a day in 2011 PPPs) decreased globally from over 40%
at the beginning of the 1980s to an estimated 10.9% in 2013 (World Bank 2016). It is
important to note that the global decrease in poverty becomes less remarkable when higher
poverty lines (US$ 3.10 and US$ 5) are considered. Yet it is argued that such progress
has been achieved at the expense of the environment, as measured by CO, emissions per
capita.? Estimated annual CO, emissions per capita have, in fact, risen globally from 4.2 to

1 US$ 1.90 a day poverty was used as the baseline in this section since global estimates for this baseline are
available.
2 As for the case of poverty as social dimensions, there are many other environmental dimensions included
in the SDGs (and in the planetary boundaries framework) such as forest coverage, oceans or ecosystem
services.
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590 D. Malerba

5 metric tons, representing a 19.7% increase, over the last 30 years (1981 to 2013) (World
Bank 2016).°

Still, these changes show significant variations by region, as shown by the elastici-
ties presented in Table 1. Although South Asia and the Latin American and Caribbean
region experienced similar decreases in their poverty headcounts, their results for emis-
sions were quite different. South Asia witnessed a significant jump in emissions, while the
Latin America and Caribbean region experienced only a slight increase. This means that
poverty reduction has been achieved in a more “environmentally efficient” way (i.e. with
fewer emissions) in Latin America than in South Asia. By contrast, in Sub-Saharan Africa
poverty has been reduced over the last decade in the presence of a nearly constant volume
of per capita emissions. These trends show that, over the long run, while decreases in pov-
erty are commonly accompanied by increases in emissions, the elasticities between poverty
reduction and changes in emission levels are not homogeneous across regions. Such results
suggest that there may be important lessons to be learned about how different countries and
regions address these challenges.*

Such heterogeneity in the relationship between changes in poverty and emissions across
regions over the long term is even more pronounced across countries over the short-term.
This can be seen by looking at spells, defined as intervals of time between two compa-
rable and consecutive data points. In this study a total of 609 spells are identified across
countries and time (see the data section for a full explanation of the methodology used).
In Table 2 these 609 spells are divided according to the sign of the changes of both the
poverty headcount (using the US$ 3.10 a day poverty line) and CO, emissions per capita
levels. The resulting 2 X2 matrix shows that, among the four possibilities [(a), (b), (c) and
(d)], the largest group (272 out of 609 spells, around 45%) is the one identifying spells with
increasing emissions and decreasing poverty [category (b)]. This is expected, especially in
the context of low- and middle-income countries (LMICs, which represent the majority of
countries in the sample). In fact, recent achievements in terms of poverty reduction were
largely accompanied by economic growth and an increased importance of the manufac-
turing sector, closely linked to increases in emissions (Ravallion 2016). Nonetheless the
other categories [(a), (c) and (d)] also contain significant shares of the total spells. One
category of particular interest is (d), which contains 125 (21% of total) spells where both
poverty and emissions have decreased. Almost all of these 125 spells, moreover, belong to
one of three groups: (1) high-income European countries, which are decreasing emissions
through the transition to service economies’; (2) sub-Saharan African countries, which
have decreased emissions per capita due to significant population growth and an underde-
veloped manufacturing sector; (3) Latin American countries. It is interesting to note that
for the first two groups, the cases of category (d) are associated with economic growth.
On the other hand, 23 of the 32 cases of category (d) for Latin America, present decreases
in inequality. Therefore, it seems that for this region, compared to the European and Afri-
can examples previously mentioned, simultaneous decreases in poverty and emissions have
been achieved through a reduction in inequality.

3 Regional emissions estimates are sourced from the World Bank for comparability between emissions and
poverty estimates using the same "developing regions". The data was downloaded on the 13th of February
2017.

4 See Ravallion (2016) for differences between China, India and Brazil for the case of poverty.
3 These countries may have very low levels of poverty, but some of them slightly decrease poverty.
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In summary, the data provides initial evidence of the presence of significant, yet puz-
zling, differences in the relationship between changes in poverty and emissions per capita
across both time and regions. While part of the heterogeneity in this relationship might
depend on the starting points of countries in terms of both poverty and emission levels,
other factors may also contribute to create these differences. If the goal is to make poverty
eradication less carbon intensive, it is important to gain a better understanding of which
factors are at work, and how these factors influence the relationship between poverty and
emissions.

It is important to note that the focus on elasticities and proportional changes in this
study means that the main quantitative analysis does not directly address planetary bounda-
ries (Rockstrom et al. 2009) and carbon budgets, defined by the absolute levels of carbon
emitted. For example, despite having comparable proportional changes in emissions per
capita, East Asia and South Asia present significant differences in terms of their absolute
changes in total emissions. In fact, annual emissions in East Asia increased by 8830 Mtons
(million tons; equal to a change of 3.5 tons in per capita terms) between 1993 and 2013,
while the increase for South Asia was of 1477 Mtons (0.7 tons per capita) in the same time
period. While it is indeed recognized that global environmental boundaries are crucial, this
paper focuses on the heterogeneity between countries. A discussion of their relevance is
left to the conclusions of the article concerning the policy implications of the findings.

3 Review of the Literature Linking the Three Pillars of Sustainable
Development

Sustainable development is a balance between economic, social and ecological goals (Red-
clift 1991). To date, empirical research at the macro level has addressed only marginally
the direct links between poverty (defined as the social dimension) and environmental goals,
such as emission levels. Some work has been done, however, to address these links through
studies on the relationship between environmental pressures and well-being, with the latter
measured by indicators such as the average life expectancy at birth. The use of such indica-
tors may be explained by the availability of data for such measures as compared to direct
data on poverty (Jean et al. 2016). These studies define the ratio between an environmen-
tal variable (such as the mean ecological footprint or carbon emissions) and a well-being
indicator as the environmental (carbon) intensity of well-being.® This literature shows how,
for low levels of income, economic growth decreases the environmental intensity of well-
being while, at higher income levels, the effect of further economic growth is reversed
(Dietz et al. 2012). Jorgenson et al. (2014) also show that the carbon intensity of well-being
has changed over time, indicating that differences between regions may be linked to eco-
nomic development. Finally, focusing on a different driver, Knight and Rosa (2011) find
that higher levels of inequality have a negative impact on the environmental efficiency of
well-being.

Still, despite the fact that the aforementioned indicators of well-being (such as life
expectancy) may correlate with poverty, and may even share some of the same drivers,

® Called environmental or energy intensity of well-being (EIWB) (Dietz et al. 2012; Jorgenson et al. 2014),
carbon intensity of well-being (CIWB) (Jorgenson 2014). Knight and Rosa (2011) estimate the environmen-
tal efficiency of well-being (EWEB) as the residual obtained by regressing average life satisfaction on the
per capita ecological footprint.
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Table 1 Percentage changes in CO, emissions per capita and poverty headcount (US$ 1.90 a day) from
1993 to 2013, by region. Source: Author’s elaboration based on World Development Indicators (World
Bank 2016)

Region Emissions change (1)  Poverty change (2) Elasticity [ratio
(%) (%) M/2)]

East Asia and Pacific 120.24 —-93.3 -1.29

Europe and Central Asia —14.57 -68.0 0.21

Latin America and Caribbean 30.86 —65.6 —-0.47

Middle East and North Africa 39.70 -59.7 —0.66

South Asia 97.97 -66.4 —1.48

Sub-Saharan Africa -0.12 -29.1 0.00

World 24.79 —68.0 -0.36

The year 1993 has been used as the baseline year for this table as CO, emission estimates for Europe and
Central Asia are missing for previous years

Table 2 Changes in poverty and per capita emissions, frequency. Source: Author’s elaboration

Sample =609 total spells CO, emissions per capita, excluding
LUCF
Growth (>0) Decrease
Poverty headcount Growth (>0) 103 (a) 109 (¢)
(US$ 3.10 a day, 20,111 PPPs) Decrease 272 (b) 125 (d)

they do not measure poverty directly. Research is therefore needed to examine the direct
relationship between poverty and the environment, and to explore the economic dimen-
sions of this relationship. In the following section, a critical review of the separate litera-
tures in which economic development is linked directly either with emissions or with pov-
erty is presented. This review serves as a starting point for the development of a framework
that links emissions and poverty directly.

3.1 The Environmental Kuznets Curve: Emissions, Income and Inequality

Much of the empirical research on the determinants of carbon emissions focuses on the
relationship between income and emissions per capita across countries. Most prominent in
this literature is the analysis of the environmental Kuznets curve (EKC), which depicts the
relationship between income per capita and environmental degradation (as defined mainly
by CO, emissions per capita and other GHG concentrations). The EKC theorizes that envi-
ronmental impacts are an inverted U-shaped function of mean income (Stern 2004). For
most local pollutants, this U-shaped function is confirmed by empirical evidence. This
means that, once a certain income threshold has been reached, emissions per capita actu-
ally decrease with increasing income per capita. For CO, emissions, however, empirical
research finds that the relationship between income and CO, levels increases monotoni-
cally, albeit not according to a strictly linear relationship (Stern 2017).
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Despite these distinctions, the literature on the EKC is useful for identifying a num-
ber of different mechanisms to explain the relationship between income and emissions.
Andreoni and Levinson (2001) suggest that declines in emission rates at higher income
levels are due to changes in the composition of production and consumption. Changes in
the composition of production may occur due to factors such as the scale of production, the
composition effect (the output mix), the input mix, technology, and international realloca-
tion (Copeland and Taylor 2004; Stern 2017). Changes in the composition of consumption,
by contrast, may be caused by shifts in preferences and individual behavior that favor the
environment or by the introduction of institutions that internalize external diseconomies
(Dasgupta and Miler 1995). In the economic growth literature, Brock and Taylor (2010)
and Ordas Criado et al. (2011) also develop sustainable growth models to emphasize that
technological progress in pollution abatement and investments in clean technologies are
key to the shaping of sustainable growth dynamics.

Empirical research has also begun to investigate the relationship between inequality and
emission levels (Grunewald et al. 2017; Ravallion et al. 2000). This research is closely
linked to studies of political economy (Boyce 1994; Torras and Boyce 1998) in which it is
postulated that greater power inequality leads to higher pollution levels due to a preference
for short-term policies. This research suggests, in fact, that greater levels of inequality may
reduce the ability of societies to reach political agreements that concern long-term environ-
mental goals or that consider the environment as a public good to be protected. Other stud-
ies, by contrast, suggest that higher inequality results in greater levels of exclusion from
the carbon economy and, hence, lower emissions (Ravallion et al. 2000). According to this
view, greater inequality means a larger share of population in poverty, lacking access to
modern energy and leading largely carbon-neutral lives. Such arguments are mirrored by
those related to the aggregation bias put forward by Heerink et al. (2001). These authors
propose that lower levels of inequality may result in higher levels of emissions due to the
redistribution of income and the marginal propensity to emit.

Some of the aforementioned studies also examine the interaction effects between income
and inequality on emissions. Grunewald et al. (2017) and Ravallion et al. (2000), for exam-
ple, conclude that, for low- and middle-income countries, higher inequality decreases per
capita emissions, while the opposite is true for high-income countries. Therefore, for poor
countries, there is a trade-off between inequality and emissions as mean incomes increase.
Overall, these streams of research suggest that significant trade-offs exist between income
and inequality regarding emission levels.

3.2 The Poverty-Growth-Inequality Triangle

The poverty—growth—inequality triangle analyses inequality and growth as determinants of
poverty (Michalek and Vybostok 2019). This literature has been summarized in depth by
other authors (Ravallion 2016). Some of the major findings of this scholarship, however,
are relevant for the present study. Much of the empirical research on poverty reduction, in
fact, indicates growth as the main determinant of poverty reduction (Dollar et al. 2016).
This is true even when different measures of poverty are used.” Estimates of the growth
elasticity of poverty reduction are found to be in the range between minus 2 and minus 3,

7 In some cases they refer to absolute levels of poverty (Bourguignon 2003; Kraay 2006) while in other
cases they refer to relative levels (Dollar et al. 2016).
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meaning that a 10% income growth decreases poverty by between 20% and 30% (Adams
2004; Ravallion and Chen 1997).

However, economic growth is not the only determinant of poverty reduction. In fact, it
is common to decompose poverty reduction into changes in income and inequality (Datt
and Ravallion 1992; Fosu 2017), making it possible to quantify the effects of changes in
inequality. Studies find that, while growth remains the main determinant of poverty reduc-
tion, changes in inequality also play a statistically significant role in decreasing poverty
levels (Datt and Ravallion 1992; Kraay 2006).

Further, as in the literature on the Environmental Kuznets Curve, the interaction
between growth and inequality has been found to be relevant for poverty reduction (Bour-
guignon 2003; Kalwij and Verschoor 2007). Studies on the growth elasticity of poverty
find, in fact, that the growth elasticity of poverty reduction is heterogeneous and varies by
country.8 One of the main explanations for such heterogeneity relates to the initial levels
of inequality across countries: it is shown that high initial levels of inequality may act as
impediments to growth and may hinder the effects of growth on poverty.’

4 A Model Linking Changes in Poverty, Emissions and Their
Determinants

4.1 Carbon Intensity of Poverty Reduction and Trade-offs

Let’s consider a policymaker who wants both to reduce poverty and to address environmen-
tal degradation, defined as emissions levels per capita (E). Poverty (P) is conceptualized as
“a pronounced deprivation in well-being” (Barrientos 2013).!° The policy-maker addresses
poverty and emission levels as simultaneous goals, ideally seeking to eradicate (reduce)
poverty and decrease emissions at the same time. In practice, however, this is problematic,
especially in the short-term, and the policy maker will confront a trade-off between the two
goals. As noted above, in fact, research shows that poverty reduction is most often accom-
panied by increases in emissions.

Previous studies on the relationship between well-being and emissions (Dietz et al.
2012; Jorgenson 2014; Jorgenson et al. 2014; Knight and Rosa 2011) use an indicator
called the environmental intensity of well-being, defined as the ratio between emissions
per capita and well-being (WB): therefore %. In this study, a new metric is needed for
three main reasons. First, the objective here is to link emissions with direct indicators of
poverty. As a result, this study employs the proportion of population above the poverty line
(1-P), also defined as non-poverty, as the measure of national well-being. The ratio %,
therefore, represents the amount of emissions per capita for the percentage of the popula-
tion above the poverty line. Second, policy-makers are interested in changes in poverty and
emissions over time and the previous indicator does not focus on changes. Third, compared
to the use of a simple ratio between indicators, the use of proportional changes allows the
analysis to overcome methodological issues (which will be explained in more detail in the

8 Kraay (2006) identifies one of the drivers of pro-poor growth as “the sensitivity of poverty to growth in
average incomes”. Ravallion (2012) and Thorbecke (2013) show the significance of initial poverty levels.
° Bourguignon (2003) defines these two reasons as the "double dividend".

a
10" And measured with the F-G-T index P(x, z, a) = ]%/ ZZ:: L (l) (Foster et al. 1984).
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data section). To address these points, a specific measure is developed here to measure the
relationship between emissions and poverty over time. This measure is called the carbon
intensity of poverty reduction (CIPR). This measure represents the proportional change of
the ratio between per capita emissions and non-poverty between periods ¢ and t — 1.!!

E, )
<I—P E E
CIPR,, | =|—|-1=~1 d —In —=—
-1 <E,,1 ) n(l—P,) n(l—Pt_l M

1-P,_,

A negative value for the CIPR means that the amount of per capita emissions per each
percentage point of non-poverty has decreased, indicating greater carbon efficiency in pov-
erty reduction.

Rearranging the terms, the CIPR can also be described as the trade-off (7r) between
proportional changes (A) in emission levels and non-poverty. In fact:

E E,_
CIPR,,_; =In <1 _’P[> —In <1—t—P1,_1> = (In(E,) - In(E,_,))
2
—(n(1-P)=In(1=P_,)) @
= Az,z—lE - At,t—l(l -P)= Tr(E[,t—l’ 1- Pt,t—l)

Tr(E,J,l, 1 —Pm,l) is therefore the difference between the proportional changes of
per capita emissions (A,, |E) and non-poverty (A,, (1 — P)). Employing the concept
of trade-off also provides a better understanding of the three different cases in which the
CIPR is negative (see Fig. 2). The first, straightforward, case is represented when non-
poverty increases and emissions decrease.'” In the second case, the carbon intensity of pov-
erty reduction decreases when non-poverty and emissions both increase, but the former
increases proportionally more than the latter. Finally, the CIPR is negative when non-pov-
erty and emissions both decrease, but the former decreases less in proportional terms com-
pared to the latter. The last two cases underline the concept of trade-off, as the CIPR can
be negative even if non-poverty decreases (or emissions increase), as long as the decrease
in emissions (increase in non-poverty) is proportionally larger. This means that the CIPR
is negative even if one of the indicators worsens (lower non-poverty or higher emissions),
as long as this negative outcome is offset by improvement in the other indicator, and the
overall trade-off is still positive. Therefore, the concept of trade-off is used interchangeably
with the carbon intensity of poverty reduction (CIPR) to convey the same relationship.

4.2 Growth and Inequality as Drivers of Poverty Reduction and Emissions:
An Analytical Representation

As noted above, previous research suggests that country indicators for both poverty and
emission levels (measured in terms of both absolute amounts and changes over time) may
be represented as a function of mean income and inequality. Integrating mean income and

" g=1In(x,) —In(x,_;)if In(1 + g) ~ g (for small growth rates), where g = (:—’) — 1. From Table 3, the

-1

mean growth rates are indeed small.
12 The 125 cases outlined in Table 2, Sect. 2.

@ Springer



596 D. Malerba

Table 3 Average annual percentage change of the main variables. Source: Author’s elaboration

(¢)) @ 3 (6] 1

Count Mean (%) SD Min (%) Max (%)
Poverty headcount (1.90) 609 -4.89 23.88 -95.21 93.59
Poverty headcount (3.10) 609 -3.04 17.35 —-89.59 80.47
Poverty headcount (5) 609 —2.05 13.52 —63.65 82.43
Poverty headcount (10) 609 —-1.04 791 —38.59 46.26
Gini Index 609 -0.16 2.77 —13.50 12.76
Mean income (HH surveys) 609 1.90 5.10 —-19.73 19.11
CO, emissions per cap., excl LUCF 609 1.20 5.37 —-21.55 18.91

inequality into Egs. (1) and (2), the CIPR for country i between ¢ and 7 — 1 may be re-
written as:

CIPtht 1= Tr(Em 11 Pi,t,t—l’) = (ln( (xz t’ t)) —In (Ei,t—l(xi,t—l’gi,t—l)))
( (1 zr(xzn t)) —In (1 _Pi,t—l(xi,z—l’@i,z—l)))
f(x ’gl[’xlt l’gi,r—l)

In
(©))
where x;, and §;, are the average income and the inequality in country i at time t!

Equation (3) formally defines the CIPR as a function of mean income and inequality.
Equation (3) can be expressed extensively to outline the possible non-linearities and inter-
actions, as suggested by the previous review of the literature concerning poverty and emis-
sion levels (Zaman and Shamsuddin 2018). Starting with mean income, as shown in stud-
ies on the poverty—growth—inequality triangle, the growth-elasticity of poverty reduction is
heterogeneous across countries (Sumner (2016), among many others). One explanation for
this is the non-linear relationship between income and poverty: increases in income present
diminishing returns for poverty reduction (non-poverty increases). At the same time, it has
been shown that the relationship between income and CO, emissions is represented by a
monotonically increasing, but slightly concave, curve.'*

In terms of inequality, although the issue of non-linearity has not been addressed in pre-
vious research, it is interesting to test for non-linearity in the relationship between inequal-
ity and the trade-off between poverty and emissions, especially given the use in this study
of a new and composite dependent variable (CIPR).

Finally, the model developed includes the interactions between the levels (changes) of
income inequality and changes (levels) of mean income. This is important since it has been
shown that these interactions are crucial for both emission levels and poverty. The interac-
tion between changes of income and inequality is not included in the present model as it
has not been found to be significant in the literature (Dollar et al. (2016).

13 The poverty component can be written more extensively as P, (x(x,-yr_hﬂ,-’[_] ),z,a), following the
choice of the poverty measure defined in footnote 12 and given that the income of individual m can be
defined as x,,;, = x(x;,, 0;,).

14 Tt should be noted that when local pollutants are considered, an inverted U-shape is found.
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Following the above considerations concerning the issues of non-linearity and interac-
tion effects of economic growth and inequality, Eq. (3) may be written extensively as:

CIPR;,,_ = By + Bi%;, + ﬂszi,z(xi,z—l) + B3(x) + ﬂ4ﬁi,t

N R N €]
+ B8, B; 1) + Be By 1—1) + Brx (B;,1) + s, (xi,r—l)

where %;, and (3,»’, are the annualized proportional changes (growth rates) of mean incomes

and inequality between periods  — 1 and ¢. Following from Eq. (4), the marginal effects of
economic growth and changes in inequality on the CIPR can be derived. The former may
be represented by

oCIPR;,,
Ti’[ R By + Bo(ximr) + B (By)) &)

From the previous discussion of the literature, B, is expected to be negative, while f3, is
expected to be positive. This follows the fact that the concavity of the relationship between
income and non-poverty should be stronger than the relationship between income and CO,
emissions. " Empirical evidence has shown, in fact, that, for LMICs, the poverty—growth
elasticity is higher than the growth emissions elasticity (Adams 2004; Narayan and
Narayan 2010; Stern 2017).'% Therefore, at lower levels of income, economic growth is
expected to increase non-poverty more than emissions. By contrast, the sign of ; which
indicates the interaction between economic growth and the initial level of inequality, is
uncertain. While the interaction effect can be predicted for poverty (economic growth has
a much higher poverty reduction capacity if initial inequality is lower), the same cannot
be done for emissions. In fact, the sign of the interaction depends on the level of income.
Therefore, the first proposition to test is:

Economic growth decreases the carbon intensity of poverty reduction (CIPR) for low
income levels. After a turning point in mean income, further economic growth has a
positive effect on the CIPR.

In parallel, the marginal effects of inequality on the CIPR may be represented by
0CIPR,

itt—1
— & + (ﬂz t— )+ it—1)-
5 Byt PsD;,_1) + Bg (x -1 ) 6)

it

Both B, and 5 are expected to be positive. Empirical research has shown that lower
levels of inequality are associated with lower poverty headcount values (for the same level
of income). In addition, B is expected to be positive since, at higher levels of income, it is
proposed that increases in inequality will increase emissions. Thus, the second proposition
to test is:

Decreasing inequality decreases the carbon intensity of poverty reduction (CIPR),
especially at higher income levels.

15 This seems to be confirmed from Fig. 1 in the “Appendix”. The figure is better explained in the data sec-
tion.

16 CO, elasticity of income is around 1; the poverty elasticity is between 2 and 3.
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5 Data and Methodology
5.1 Data

The data used in the analysis is drawn from two main sources. The main estimates concern-
ing poverty, inequality and mean income (presented in US$ using 2011 PPPs) are sourced
from PovcalNet.'” This source was selected as the most comprehensive collection of house-
hold surveys. This data is regarded as reliable and is employed by the majority of studies
on cross-country poverty in the literature. The data format allows the estimation of alter-
native inequality measures and poverty estimates according to different absolute poverty
lines.'

Emissions data come from the Climate Analysis Indicators Tool (CAIT) (WRI 2017).1°
This source was chosen since the database includes estimates for historical CO, emissions;
and the estimates employed include emissions from different sources (electricity produc-
tion, heat, manufacturing/construction, transportation, fugitive emissions and other fuel
combustion), sectors (energy, industrial processes, waste), and pollutants. The estimates
represent territorial emissions. Additional variables are used as covariates in the regres-
sions (see Table 7).

The final dataset consists of 609 spells from 135 countries, where percentage changes
are calculated as the average annual difference between logarithms.?® Spells, following the
poverty—growth—inequality literature, are defined as intervals of time between consecutive
and comparable data points. This definition and use of spells is especially relevant when
performing econometric analysis using a panel of cross-country poverty estimates, as it
will be further explained in Sect. 5..3. In fact, household surveys are different in nature
between countries, and are not available for all years and for all countries. The compara-
bility of poverty estimates between countries may therefore be problematic. To improve
the robustness of the estimations, the use of spells has been complemented by a trimming
of the original data following the literature. First, spells have been kept if the same wel-
fare indicator (income or consumption) was used at both ends (initial and final year of the
spell). Second, only spells of at least two years have been considered. Finally, the spells
for which the annual proportional and absolute changes in the poverty headcounts, per
capita emissions, and mean incomes are excessively large, are considered as outliers and
dropped.?!

17 http://iresearch.worldbank.org/PovcalNet/povOnDemand.aspx, accessed on December 2016.

18 However, there are significant drawbacks in using these data [see Ravallion (2016), for a detailed sum-
mary and explanations]. For China, India and Indonesia national inequality (the Gini Index) for the missing
values has been derived from different sources.

19 http://cait.wri.org. Compared to PovcalNet data there are no estimates for Kosovo, Micronesia, South
Sudan, Saint Lucia, Timor Leste, Tuvalu, West Bank and Gaza.

20 The derived dataset of spells is unbalanced due to usual issues of the availability of poverty estimates.
For the same reason, the length of the spells is different.

21 A total of 55 spells have been dropped. Following the literature spells have been discarded if annual
changes were larger than 100% in proportional terms, or annual absolute changes of the poverty headcount
were larger than 10 percentage points. These quality filters are applied in the empirical literature of the
poverty—growth—inequality triangle (Adams 2004; Bourguignon 2003; Kraay 2006) to exclude extreme val-
ues that are given by countries from Eastern Europe and Central Asia due to the effect of the collapse of
the Soviet Union, measurement errors in surveys especially in SSA and resurgence of capitalism in China.
Bourguignon (2003) also underlines that when empirically estimating elasticities, it is important to focus on
small changes.
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5.2 Summary Statistics

Table 3 shows the unweighted averages of the annual proportional changes in the main
variables for all spells. Annual average (compound) growth rates for each variable are cal-
culated as the difference between logarithmic values of two consecutive points in time,
divided by the length of the spell in years. Income per capita has increased on average
by 1.9% annually. Poverty headcounts decreased on average for all poverty lines. For the
poverty estimates, different poverty lines have been considered, based on Hoy and Sumner
(2016). Each line represents a different concept of poverty. Considering the poverty lines
of US$ 1.90, US$ 3.10, US$ 5 and US$ 10 a day, the annual average decrease has been of
4.9%, 3%, 2.1% and 1% respectively. Inequality, represented by the Gini index, exhibits
an average decrease of 0.2%. Finally, emissions per capita increased annually by 1.2% on
average.

In addition, Fig. 1 in the “Appendix” shows the relationships between the values of non-
poverty (top two graphs), emissions (bottom two graphs), and mean income (the horizontal
axes). The data displayed in this figure seem to provide initial evidence of the relationships
proposed above.??

5.3 Econometric Strategy

The aim of the econometric analysis is to estimate the effects of a selected set of depend-
ent variables on the CIPR as defined in Eq. (1), which can also be expressed as the trade-
off between proportional changes in emissions and non-poverty. In this analysis, the use
of spells is employed to overcome several methodological limitations (Bourguignon 2003;
Dollar et al. 2016; Sanchez and Stern 2016). This methodology is consistent with the
empirical literature on poverty reduction and its determinants. Moreover, although the use
of panel data is still dominant in the literature on the EKC (Uchiyama 2016), the use of
spells has recently been introduced in empirical studies in this research stream (Sanchez
and Stern 2016; Stern et al. 2017).23

A number of possible estimation issues related to analyses employing composite
dependent variables, such as CIPR, have been identified in previous studies (Dietz et al.
2012; Jorgenson 2014; Knight and Rosa 2011). In this study, however, the use of propor-
tional changes addresses the aforementioned comparability issues.

The estimation model starts with Eq. (4), and includes a number of control variables.**
The final equation to be estimated is:

CIPR;,,_y = o + B, + Boiy (1) + BaCriyor) + Bully, + BsB By, ) + BoBip ) + BB,y

J
+ Bl (xiim1) + BoElL oy + Pro(1 = Piyy) + 2 Bimi oy + €, )
f=n

22 Compared to the main analysis in the paper, Fig. 1 uses all original country year observations with both
values of poverty and emission levels.

23 Panel data methods are desirable when estimating the original EKC as data on GDP and per capita emis-
sions are available for the majority of countries and years, resulting in a very balanced panel.

24 The choice of specific control variables has been determined in part by the availability of data for appro-
priate variables at the macro level (Bazzi and Clemens 2013).
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where CIPR;,,_, = Tr(E;,,_;,1 — P;,,_; ) is the annualized CIPR between times 7 and 7— 1
for country i; %;, and @;, are the annual average growth rates in mean income and inequal-
ity (Gini Index); x;,_, and §;,_; are the natural logarithms of the mean income and the
Gini coefficient at time  — 1; EI;,_; and (1 — P;,_, ) are the logarithms of emission intensity
and of the non-poverty rate at time ¢—1; and Z,:u 7;,—y is the set of additional control
variables. Finally, €; , is the error term. Turning to the coefficients, f, represents the income
growth elasticity of the CIPR. The interactions between income growth rates and initial
mean income (f},), and between the annual percentage change in the Gini coefficient and
the initial Gini coefficient (f;) capture the non-linear effect of economic growth and ine-
quality changes on the CIPR. On the other hand f; and f; represent the interaction between
growth and initial inequality, and between the initial income level and the change in ine-
quality. Following Stern et al. (2017) all of continuous variables in levels are demeaned to
simplify the interpretation of the coefficients. For example, f, is the growth elasticity of
the CIPR when all continuous variables are at their sample mean, and inequality does not
change. A positive value of a coefficient thus indicates that an increase of the variable has a
positive effect on the CIPR.

If p, is positive and f, is negative (or viceversa), a turning point related to income, cal-

t.2> This would mean that increases in income levels do

culated as u = exp _ﬂ_il , is presen
not always have the same effect on the dependent variable.?®

Following the empirical literature on poverty reduction, an Ordinary Least Squares
(OLS) regression is the main method employed to estimate Eq. (7). The use of robust
standard errors is also employed to take into account heteroscedasticity.”’ Despite some
advantages, fixed effects are used as robustness checks (Table 8; Table 9 presents random
effects estimations) due to possible relevant drawbacks in the context of this analysis (Hauk
and Wacziarg 2009; Ravallion 2016). Moreover, in relation to the exogeneity of the regres-
sors and causality claims, limited evidence exists concerning causality running from emis-
sions to income, except for the case of high-income countries.?® But because these coun-
tries represent a small share of the sample, simultaneity between income, inequality, and
emissions should not be a concern in the present estimations (Grunewald et al. 2017; Stern
2004). In addition, regressions control for the initial level of poverty, as suggested by Rav-
allion (2012).%°

25 The calculation of the turning points is performed with estimates from regressions where variables are
not demeaned, excluding from the regression coefficient f,.

26 A further specification of the above model is estimated, allowing for a cubic relationship between the
CIPR and income (Uchiyama 2016). But the second turning point that was found was nonetheless very
high and significantly outside the sample values. For simplicity the model with the quadratic relationship is
employed.

27 See Ravallion (2016) for a summary of issues that may affect the poverty—growth—inequality regressions.
28 Dinda and Coondoo (2006) show no causality, or causality from income to CO, emissions, in LMICs, as
well as causality from CO, emissions to income in advanced countries.

2% Nonetheless some bias might still be of concern. To address these concerns, a further estimate Eq. (7)
with Generalized Method of Moments (GMM) estimators is used. The results are similar to the OLS regres-
sions, and are not presented due to limitations of space. Further robustness checks have been performed
through the use of seemingly unrelated regression equations (SURE), finding no correlation between the
residuals of the equation estimating poverty reduction and the one estimating emission changes.
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6 Results
6.1 Regression Results

Table 4 presents the estimations of Eq. (7) for different poverty lines.>® Model (I) uses
the US$ 3.10 a day poverty line. This model is the focus of the study since the US$ 3.10
value represents the international poverty line. Alternative poverty lines are used to test the
robustness of the results and to analyze the dynamics associated with different definitions
of poverty. More specifically, Models (II), (IIT) and (IV) employ poverty lines of US$ 1.90
(the international extreme poverty line), US$ 5 and US$ 10 a day respectively.

The results of Model (I) show that growth in mean income decreases, on average, the
CIPR with a statistically significant coefficient (f;) of —0.24. This means that, for the
average country in the sample, economic growth makes poverty reduction less carbon
intensive. By contrast, the interaction with income level is positive and significant. This
means that, for higher incomes, the effect of income growth is higher and will turn positive
after a certain income value. This indicates the presence of a turning point, which will be
addressed in greater detail in the subsequent section. The effect of economic growth on the
CIPR might also depend on its interaction with the initial level of inequality [the interac-
tion is represented by coefficient f; in Eq. (7)]. The coefficient is positive but not signifi-
cant. Therefore, in general terms, the results confirm the first proposition outlined above
that economic growth reduces the carbon intensity of poverty reduction for lower income
levels, and that, after a turning point, at higher income levels, the effect becomes positive.

Model (I) shows that the effect of decreasing inequality is negative. The coefficients for
both the proportional change and the interaction between the level and the proportional
change are all positive and statistically significant. This confirms the second preposition
derived from the framework that lower inequality decreases the CIPR. Model (I) also
shows that the interaction between the proportional change in inequality and the level of
mean income is negative, but statistically insignificant.

The initial (at time 7— 1) values of non-poverty and emission intensity are both statisti-
cally significant, as expected. More specifically, higher initial non-poverty has a positive
effect while higher initial emissions intensity has a negative effect. It is interesting to note
that, contrary to the arguments advanced in Ravallion (2012), the coefficients for both ini-
tial inequality and initial poverty are significant, although the significance of the former is
much lower.

Few of the control variables have statistically significant effects. From the full regres-
sion table presented in the “Appendix” (Table 10), it is interesting to note that the coeffi-
cient related to the share of the labor force in the services sector is positive and significant.
This may be due to the fact that growth in the services sector tends to have a lower impact
on poverty reduction (Ravallion 2016; Sumner 2016).

The other three models of Table 4 present the results of the estimations using alterna-
tive poverty lines. These results broadly confirm the non-linearity of the effects of income
growth. The size of the coefficients changes between models using different poverty lines,
but the significance and the sign of the coefficients related to income growth and its inter-
action with the logarithm of the initial income level remain the same. A similar reasoning

30 Full regression tables are presented in Table 10 in the “Appendix”.
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Table 4 Regression results using
all poverty lines, final model.
Source: Author’s elaboration
based on different data sources

@ (y) ) Iv)
CIPR CIPR CIPR CIPR

Poverty line US$3.10 US$1.90 US$5 UsS$ 10

X, —0.24%*%%  —0.03 —0.56%#% ] 24k
(0.04) (0.04) (0.05) (0.09)

Xip * X0 0.59%#* 0.42%%% 0.74%#5%% 0.77#%%*
(0.06) (0.06) (0.08) 0.12)

Xiiog —0.03%%%  —Q,02%%k  —(0.,05%F*  —(.06%**
(0.01) (0.01) (0.01) (0.02)

ﬁi,t 0.227%%* 0.227%%% 0.08 — 0.44 %%
(0.09) (0.08) (0.11) (0.14)

ﬁi’r * 0, 1.57 %% 1.33%%% 2.00%#%* 2.91%%*
(0.34) (0.32) (0.38) (0.61)

B0 0.00 0.01 —-0.01 -0.03
(0.01) (0.01) (0.02) (0.02)

X 0 0.25 0.10 0.48%+* 1.00%**
(0.19) (0.17) (0.22) (0.34)

ﬁ,, * X, -0.11 —0.32%%%  (.29%* 1.09%**
(0.10) (0.08) (0.14) (0.20)

EL, —0.01%#F%  —0.01%* —0.01%*%%  —0.01*
(0.00) (0.00) (0.00) (0.01)

(1-P;, ) 0.05%#* 0.05%#%* 0.04%#* 0.03%*
(0.01) (0.01) (0.01) (0.01)

Constant -0.02 —0.00 -0.02 0.01
(0.02) (0.01) (0.02) (0.03)

Controls Yes Yes Yes Yes

Observations 609 609 609 609

Adj. R-squared  0.49 0.35 0.55 0.60

Year FE Yes Yes Yes Yes

Robust standard errors in parentheses

#akp < 0.01, #+p <0.05, *p<0.1

may be made for the coefficients related to inequality changes. Three exceptions may be
noted. First, the coefficient for income growth in Model (II), when the US$ 1.90 a day pov-
erty line is employed, is not significant. This is due to the use of demeaned level variables,
as the sample mean is relatively high compared to the income level (turning point), after
which economic growth has a small effect on poverty.31 Second, the effect of inequality is
non-linear in the case of the highest poverty line (US$ 10 a day) in Model (IV). In fact, the
coefficient of the growth for the Gini index is significant and negative, while its interaction
with the level of inequality is positive. This is likely due to the fact that the baseline of US$

31 The sample mean income is around US$ 5700, while the estimated turning point in the next section is
US$ 3700 for the 1.90 a day poverty line. This is also shown by the fact that performing regressions without
demeaning variables make in fact the coefficient g, statistically significant (and positive).
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10 a day is a much higher poverty line, closely linked to the concept of middle class (Hoy
and Sumner 2016). Therefore, different dynamics might be in place compared to the lower
poverty lines considered. Third, different results are found in the interactions between
economic growth and initial inequality, and between changes in inequality and the initial
income, compared to the benchmark Model (I). In fact, both interactions are positive and
significant when the two highest poverty lines (US$ 5 and US$ 10 a day) are used. Again,
this is most likely due to differences in the dynamics at higher poverty lines.

Table 5 shows detailed results for the econometric estimation of Eq. (7) when the pov-
erty line of US$ 3.10 a day in 2011 PPPs is used. This table presents multiple models that
gradually include additional variables in order to test the significance of their inclusion.
Model (V) includes only the growth in mean income as a regressor. This gives an initial
indication of the average effect of growth on the CIPR. Model (VI) considers the non-
linearity of the effect of economic growth, through the inclusion of the interaction between
the growth rate and the level of mean incomes (in logarithmic terms), as well as the level of
mean income on its own. In Model (VII) variables related to inequality are added. Model
(VIII) includes the interactions between initial inequality levels and income growth, as well
as the interaction between changes in inequality and the initial level of income. Model (IX)
contains the initial levels of poverty and emissions intensity as further controls. Finally, in
Model (X) additional control variables are added (equal to Model (I) in the previous table).

Two main findings emerge from Table 5. First, the final Model (X) exhibits the highest
adjusted R-squared value, equal to 49%. This means that the final model is the one with the
highest explanatory power. Second, it is important to note that the sign and the significance
of the coefficients related to economic growth and its interaction with the level of income
do not change throughout the models. This suggests that the effects of economic growth
are robust to the inclusion of control variables as well as to the interaction with the inequal-
ity variables. Similarly, the coefficients of income inequality are robust, with one exception
related to the level of inequality: this coefficient becomes statistically insignificant when
the initial level of non-poverty is added. This result is consistent with the finding presented
in Ravallion (2012). Finally, no important difference in the significance and size of the
coefficients between Models (IX) and (X) can be found. This indicates that the addition of
the control variables changes the point estimates only slightly.

6.2 Turning Points

Turning points identify the level after which the effect of a variable on the outcome of
interest switches from positive to negative or from negative to positive. For example, in
the case of the EKC, the turning point indicates the income level below which further eco-
nomic growth increases emissions.

The analysis presented here shows the existence of turning points in the relationship
between economic growth and the carbon intensity of poverty reduction. Table 6 presents
the estimated turning points for the different gradual models seen in Table 5, for all four
poverty lines. The results of the different models are similar and the turning points increase
at higher poverty lines. For example, from the last column of Table 6 that considers the
final Eq. (7)*? and the US$ 3.10 a day poverty line, it can be seen that the turning point is

32 Without the interaction between economic growth and the initial level of inequality for computational
reasons.
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Table 5 Regression results using the US$ 3.10 a day poverty line, all models. Source: Author’s elaboration
based on different data sources

Variables %) (VD (VID) (VIID) (IX) X)
CIPR CIPR CIPR CIPR CIPR CIPR
X —0.34#5%* —0.24#%* —0.26%** —0.27%%* —0.26%#* — .24k
0.07) (0.05) (0.05) (0.05) (0.04) (0.04)
Ry w2 0.68%##* 0.7 1% 0.73 %% 0.60%#* 0.59%##%*
(0.08) (0.07) (0.07) (0.06) (0.06)
Xioo1 —-0.01* —0.01%* —0.01%* —0.03%##* —0.03%%**
(0.00) (0.00) (0.00) (0.00) (0.01)
éju 0.28%#:#* 0.25%:#:* 0.24 sk 0.227%:*
(0.09) (0.09) (0.08) (0.09)
ﬁir w0, 2,02k 1.86%** 1.66%** 1.51%#%*
S 0.32) (0.35) (0.34) (0.34)
B 0.04#%* 0.03 %% 0.01 0.00
(0.01) (0.01) (0.01) (0.01)
R w0, 0.24 0.27 0.25
0.21) (0.19) (0.19)
ﬁm X, -0.07 -0.07 —0.11
(0.11) (0.09) (0.10)
El,_, —0.01 %% —0.01%#%*
(0.00) (0.00)
(1-P,_)) 0.05%#* 0.05%%%*
(0.01) (0.01)
Constant -0.07 -0.05 -0.04 -0.04 -0.02 -0.02
(0.05) (0.04) (0.04) (0.03) (0.02) (0.02)
Controls No No No No No Yes
Observations 609 609 609 609 609 609
Adj. R-squared 0.16 0.35 0.41 0.47 0.47 0.49
Year FE Yes Yes Yes Yes Yes Yes

Robust standard errors in parentheses
#xxp <0.01, **p<0.05, *p<0.1

approximately US$ 5000. This means that countries in which income per capita is below
US$ 5000 a year, economic growth would, on average, decrease the carbon intensity of
poverty reduction for this poverty line. The turning points for the other poverty lines above
US$ 3.10 a day are higher, reaching a value of around US$ 17,700 a year at the US$ 10
a day poverty line. At the other end, if we move to the international extreme poverty line
(US$ 1.90 a day), the turning point is lower, at a value of US$ 3542.

How do these results relate to the sample at hand with respect to the trade-off between
poverty and emissions? At a turning point of US$ 5000 a year, 66% of the countries in the
sample fall below the threshold. The mean income of the sample, in fact, is US$ 5700 a
year; while the median is US$ 3269.33 This indicates that, for the majority of countries,
economic growth reduces the carbon intensity of poverty reduction.

33 Using the latest observation for each country available in the dataset with spells used in the analysis.
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Table 6 Turning points, income per capita (US$ 2011 PPPs). Source: Author’s elaboration

Poverty line (€)] 2) 3) 4)
Covariates: Covariates: Covariates: Covariates:
Only income Add inequality variables  Add initial poverty and Add regres-
variables. (no interactions) emission intensity sion controls
US$ 1.90 3561.64 3784.85 3613.81 3541.56
US$ 3.10 4719.83 4816.71 5075.13 4974.17
US$ 5 6441.28 6207.98 7100.98 7091.10
US$ 10 16,097.78 12,447.09 17,851.84 17,725.80

Column (1) refers to the estimation of a regression similar to Model (VI) in Table 5, with the inclusion of
variables (growth, level and their interaction) related to mean income. Column (2) adds the inequality vari-
ables, similar to Model (VII) in Table 5. Columns (3) and (4) are related to regressions similar to Models
(IX) and (X) in Table 5, with the exclusion of the interaction between economic growth and the initial level
of inequality for computational reasons

These findings are consistent with those of related studies. Dietz et al. (2012), for
example, examine the trade-off between life expectancy as an indicator of well-being and
the ecological footprint as an indicator of environmental efficiency. They estimate a turning
point of around US$ 2500. While this specific estimate is not fully comparable to the turn-
ing points identified in this study due to methodological differences, their general results
lead to the same type of conclusion.>* They suggest, in fact, that the relationship between
environmental efficiency and economic growth, just like that between non-poverty and eco-
nomic growth, is non-linear in nature.

7 Conclusions and Policy Implications

This paper examines the trade-off between poverty reduction and environmental goals as
measured by changes in emission levels. It does so through the construction of a composite
indicator of the carbon intensity of poverty reduction (CIPR). The paper also explores the
potential drivers of this trade-off, namely economic growth and inequality. The findings
show that the degree of the trade-off between the two goals of poverty reduction and emis-
sion levels varies significantly across countries. The findings also show that the relation-
ship between economic growth and the CIPR is non-linear, presenting a U-shaped form.
These findings add a complementary perspective to studies on sustainable development.
While the EKC finds an inverted U-shaped relationship when using (local) environmen-
tal indicators alone (Stern 2017), this study finds the opposite effect when a composite
indicator of sustainable development is employed. This suggests that, differently from the
propositions put forward in the EKC, in the case of sustainable development, economic
growth has a positive affect up to a certain value. This confirms previous studies on the
environmental efficiency of well-being (Dietz et al. 2012). The second main finding is that
reductions in inequality consistently result in decreases in the carbon intensity of poverty

3% Contrary to the analysis in this article, they use GDP (and not mean incomes) and local currencies are
converted to US$ using exchange rates rather than PPPs.
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reduction. This suggests that addressing inequality may be an effective way to deal with the
trade-off between poverty reduction and emissions.

In terms of policy implications, the current study reveals the potential use of compos-
ite indicators to disentangle the trade-offs between different dimensions of sustainable
development (Campagnolo et al. 2018; Cracolici et al. 2009; Michalos 1997). The find-
ings presented in this study strongly support the arguments of the degrowth (Kallis et al.
2018) and agrowth (van den Bergh 2017) movements, especially for high- and upper mid-
dle-income countries. These movements and their related policies aim at shifting attention
away from economic growth towards a better redistribution of resources (Steinberger and
Roberts 2010). This viewpoint is reinforced by studies that show that high- and middle-
income countries potentially have the fiscal capacity necessary to implement appropriate
policies, such as the eradication of poverty through the use of financial resources obtained
from the removal of fossil fuel subsidies (Hoy and Sumner 2016). Greater focus on policies
aimed at redistribution and structural change is also supported by evidence that shows that
these countries are witnessing a low growth elasticity of poverty reduction due to increas-
ing inequality, an insufficient structural transformation of their economies and spatial pov-
erty traps (Sumner 2016). In the case of India, for example, Murthy et al. (1997) show
that eradicating poverty through redistributive programs is more efficient than addressing
poverty through growth. These issues may be further exacerbated if environmental issues
are considered.

The results presented here also support the possibility of green growth (defined in its
broader sense as relative decoupling between economic growth and environmental pres-
sures) for lower-middle and low-income countries. Green economic development may rep-
resent an opportunity for many poorer countries that are not locked into polluting indus-
tries. On the other hand, green growth may not be feasible in high-income countries. In
fact, given their emissions-intensive economic structures, over the past decades only few
richer countries have achieved decarbonisation rates that are close to the established global
targets (4.4% annual reductions in emissions; Hubacek et al. (2017)), while pursuing eco-
nomic growth. Nonetheless the green growth model in lower income countries may face
some critical issues. Most importantly, its ability to address the challenge of poverty reduc-
tion is still uncertain and will depend on how such green growth is achieved (Dercon 2014).

Given the challenges presented by such general policy approaches and the urgency to
eradicate poverty and address climate goals, this study suggests that, especially in the short
term, policy makers should focus on specific policies that directly address the trade-offs
between social and environmental goals. Understanding how and when climate change
mitigation and antipoverty policies are not mutually exclusive is critical as governments in
many LMICs prioritize social goals over climate goals. The literature has already identified
examples of policies that could achieve both goals, such as the recycling of revenues from
carbon taxes and the elimination of fossil fuel subsidies (which are regressive and have
negative health effects) to address the needs of the poor segments of the population (Ojha
2009), to build social infrastructure (such as modern energy in rural areas), and to imple-
ment progressive policies in relation to agriculture and transport (Jakob et al. 2014).

This study presents several limitations that also represent interesting avenues for future
research. First, more research is needed to understand the kinds of structural transformation
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and development paths needed to improve the trade-off between social and environ-
mental policies. This will require the further employment of interdisciplinary and holis-
tic approaches to these issues in order to bring together the three dimensions (economic,
social and environmental) of sustainable development. Second, this study highlights sev-
eral tensions between national level policies and global goals for sustainable development
that will need to be addressed in future research. The findings indicate that, for many low-
and middle-income countries, economic growth may lead to an improvement in the trade-
off between poverty and emissions and may reduce the national carbon intensity of poverty
reduction (as defined by CIPR). However, such growth may also have a significant impact
on global emissions in absolute terms if it occurs in some of the large economies in these
categories. China and India, for example, lie below the lowest turning point (US$ 3542)
in terms of mean income. Yet, because they are among the highest polluters in absolute
terms, their further economic growth will result in even higher levels of global emissions.
Thus tensions between the national carbon intensity of poverty reduction and the global
environmental boundaries exist. Future research is needed to understand if and how the
development paths followed by these countries might be designed to reduce this tension.

Of course it is crucial to underline that richer countries play a critical role in the ten-
sions concerning global emission levels. To remain within planetary boundaries, high-
income economies will need to decrease their emission levels drastically. This needs to be
argued on both on equity and sufficiency grounds (Peters et al. 2015; Raupach et al. 2014).
Still, it is also important for future research to examine potential growth paths for LMICs
that differ from the ones followed by advanced economies. If lower income countries fol-
low the same path of high-income ones, global emissions will continue to increase and will
pass dangerous thresholds (Steffen et al. 2015).

Acknowledgements Open Access funding provided by Projekt DEAL. I am very grateful to two anony-
mous referees for their comments. I also thank Armando Barrientos for his suggestions and comments; and
Kunal Sen, Andy Sumner, Tilman Altenburg, Franceso Burchi, Hannah Janetschek, Babette Never, Anna
Pegels for the useful feedback.

Funding This work was supported by the German Federal Ministry of Economic Cooperation and Develop-
ment (BMZ).

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Appendix

See Tables 7, 8, 9 and 10 and Figs. 1 and 2.
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Table 8 Regression results using

> Variables (1) 2 3) )
all poverty lines, final model:
fixed effects. Source: Author’s CIPR CIPR CIPR CIPR
elaboration based on different Poverty line US$3.10 US$1.90 US$5  US$ 10
data sources
%, —0.26%*%%  —0.05 —0.59%#% ] 37k
(0.05) (0.04) (0.07) (0.14)
Ry w2, 0.51%%*  0.39%**  (.67***  (.84%%*

(0.07) (0.06) (0.09) 0.14)

Xiig —0.15%%% Q. 12%*%  —(.]9%*F* (. 27%%*
(0.02) (0.02) (0.02) (0.05)

@Ll 0.18 0.18 0.03 —0.53%k*
(0.12) (0.11) (0.15) (0.18)

ﬁi’t 0, 1.06%** 0.89%#* 1.64%#% D 12%%*
(0.33) 0.31) (0.36) (0.55)

B0 0.01 0.01 -0.02 —0.13%%*
(0.04) (0.04) (0.04) (0.05)

X% 00 0.06 -0.04 0.22 1.07#*
(0.17) (0.16) (0.22) (0.46)

ﬁ” * X, —0.12 —0.34%#% (.27 0.97#:%:*
0.11) (0.08) (0.16) 0.21)

EL, —0.13%#F%  —(.13%**  —(.13%*%  —(.]14%%*
(0.01) (0.01) (0.02) (0.02)

(1-P;, ) 0.09%#* 0.08*#%  0.08%***  (.07%%*
(0.02) (0.02) (0.01) (0.02)

Constant -0.03 -0.02 -0.03 —0.08%%*
(0.02) (0.02) (0.03) (0.03)

Controls Yes Yes Yes Yes

Observations 609 609 609 609

Adj. R-squared 0.45 0.52 0.59 0.67

Number of countries 135 135 135 135

Year FE Yes Yes Yes Yes

Robust standard errors in parentheses
**¥p <0.01, **p<0.05, *p<0.1
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Table 9 Regression results using
all poverty lines, final model:
random effects. Source: Author’s
elaboration based on different
data sources

@ Springer

Variables 1) 2) 3) 4)
CIPR CIPR CIPR CIPR

Poverty line US$3.10 US$1.90 US$S5 US$ 10

X, —0.24%%%  —0.03 —0.56%#%  —] 5%k
(0.05) (0.04) (0.06) (0.10)

Ry w2, 0.58%##* 0.42%%% Q. 74%%% (] 7***
0.07) (0.06) (0.08) (0.13)

Xiig —0.03%#k  —(.02%*%  —(.05%**% —(0.06%**
(0.01) (0.01) (0.01) (0.02)

ﬁm 0.227%%* 0.227%:* 0.08 — 0.44 %%
(0.09) (0.09) (0.11) (0.14)

ﬁi’t * 0, 1.5] %% 1.34%%% 2.00%%%  2.90%*k*
(0.36) (0.35) (0.40) (0.62)

B0 0.00 0.01 —-0.01 —0.04*
(0.01) (0.01) (0.01) (0.02)

X% 00 0.25 0.08 0.47* 0.99%%*
0.21) (0.18) (0.24) 0.41)

ﬁi,l * X, —0.11 —0.32%#%  (.20% 1.09%**
0.11) (0.08) (0.15) (0.19)

EL, —0.01%%*  —0.01*** —0.01*** —0.01*
(0.00) (0.00) (0.00) (0.01)

(1-P;, ) 0.05%%#* 0.05%*%  0.04%**  (.03%*
(0.01) (0.01) (0.01) (0.01)

Constant —-0.02 —0.01 -0.02 0.00
(0.02) (0.01) (0.02) (0.02)

Controls Yes Yes Yes Yes

Observations 609 609 609 609

Between R-squared  0.49 0.41 0.59 0.63

Number of countries 135 135 135 135

Year FE Yes Yes Yes Yes

Robust standard errors in parentheses
**¥p <0.01, **p<0.05, *p<0.1
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Table 10 Full regression results using all poverty lines, final model. Source: Author’s elaboration based on
different data sources

Variables ) I (1Im) av)
CIPR CIPR CIPR CIPR
Poverty line US$ 3.10 US$ 1.90 US$ 5 USs 10
%, — .24k —0.03 —0.56%:* — .24k
(0.04) (0.04) (0.05) (0.09)
Rip ok X, 0.59%* 0.42%x% 0.745% 0775
(0.06) (0.06) (0.08) 0.12)
Xiiog — .03k — .02k — .05k —0.06%**
(0.01) (0.01) (0.01) (0.02)
ﬁi: 0.22%* 0.22%%* 0.08 — .44k
(0.09) (0.08) 0.11) 0.14)
ﬁn w0, 1.5] %% 1.33%%* 2.00%** 2.9k
S (0.34) 0.32) (0.38) 0.61)
B 0.00 0.01 —-0.01 -0.03
0.01) 0.01) 0.02) (0.02)
ki %0, 0.25 0.10 0.48%* 1.00%:*
(0.19) 0.17) (0.22) (0.34)
ﬁir * X, -0.11 — (.32 0.29%* 1.09%#*
o (0.10) (0.08) (0.14) (0.20)
ElL, —0.0] %k —0.01%* —0.01 % —0.01*
(0.00) (0.00) (0.00) (0.01)
(1=P,_)) 0.05%* 0.05%3* 0.04 % 0.03%*
(0.01) (0.01) (0.01) (0.01)
Avg. temperature —0.00 —0.00 —0.00 —0.00
(0.00) (0.00) (0.00) (0.00)
Legal origin 0.00 0.00 0.00 0.01
(0.01) (0.00) 0.01) 0.01)
Trade, log % GDP 0.00 0.00 0.00 —-0.01
(0.01) (0.01) (0.01) (0.01)
Forest, log % land 0.00 0.00 0.00 0.00
(0.00) (0.00) (0.00) (0.00)
Pop. density, log 0.00 0.00 0.00 —0.00
(0.00) (0.00) (0.00) (0.00)
Literacy, log 0.00 0.01 —0.01 —0.02
(0.01) (0.01) (0.01) (0.02)
Population, million 0.00 0.00 0.00 0.00
(0.00) (0.00) (0.00) (0.00)
Elect. prod. coal, log % 0.00* 0.00 0.00** 0.00*
(0.00) (0.00) (0.00) (0.00)
Elect. prod. hydro, log % 0.00 0.00 0.00 0.00
(0.00) (0.00) (0.00) (0.00)
Elect. prod. gas, log % 0.00 0.00 0.00 —0.00*
(0.00) (0.00) (0.00) (0.00)
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Table 10 (continued)
Variables (0] Q1) (1) Iv)
CIPR CIPR CIPR CIPR
Poverty line US$ 3.10 US$ 1.90 US$ 5 US$ 10
Elect. prod. nucl., log % —0.00 —0.00 —0.00 —0.00*
(0.00) (0.00) (0.00) (0.00)
Elect. prod. oil, log % 0.00%* 0.00%** 0.00 0.00
(0.00) (0.00) (0.00) (0.00)
Elect. prod. renew., log % —0.00%* —0.00%* —0.00 —0.00
(0.00) (0.00) (0.00) (0.00)
Employment in ind., log % —-0.01 -0.01 -0.02 0.00
(0.01) (0.01) (0.01) 0.02)
Employment in agric., log % 0.00 0.00 0.00 0.00
(0.00) (0.00) (0.00) (0.00)
Employment in serv., log % 0.03%#%* 0.02%* 0.04#%* 0.02
0.01) 0.01) 0.01) (0.02)
Constant —-0.02 —-0.00 —-0.02 0.01
0.02) 0.01) (0.02) (0.03)
Observations 609 609 609 609
Adj. R-squared 0.49 0.35 0.55 0.60
Year FE Yes Yes Yes Yes

Robust standard errors in parentheses
***p<0.01, ¥¥p<0.05, *p<0.1

Non-poverty and CO2 emissions per capita vs. Income per capita

60 80 w0

1- poverty headcount
o = 4

gl

Income per capita

2

2

Emissions per capita
o 8 a0 s

10000 15000
Income per capita

10000 15000 20000

20000

25000

Non-poverty and CO2 emissions per capita vs. Income per capita, logs

5
Log of income per capita

Fig. 1 Relationship between poverty, emissions and mean income (color figure online)
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Growth in non—poverty, Gnon-poverty ﬂk Mixed positive case:
CIPRi 1< 0

Bemissions > 0

8Bnon-poverty > 0

Best case
CIPRitt-1<0
Gemissions < 0

Bnon-poverty > 0

Bemissions < Znon-poverty
Mixed negative case:
CIPRi;:-1>0

Bemissions > 0

Enon-poverty > 0

Zemissions < Gnon-poverty

Bemissions > Znon-poverty

>

Mixed positive case: Growth in pc emissions, gemissions

CIPRi+:-1>0
Zemissions < 0
8non-poverty < 0

Bemissions < 8non-poverty

Worst case:

CIPRi-1>0
Mixed negative case: Gemissions > 0
CIPRit-1>0 Znon-poverty < 0
Zemissions < 0 Bemissions > Znon-poverty

Znon-poverty < 0

Bemissions > Znon-poverty

Fig.2 Different cases of the CIPR
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