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Abstract

The relationship between economic growth and environmental impact is a topic that
has largely been studied through the framework of the Environmental Kuznets Curve
(EKC), which posits an inverted U-shape relationship between the two. We examine this
link by analyzing GDP and CO2 emissions per capita from 1970 to 2020 using a panel
of 136 countries. We estimate both the short- and long-run income elasticities of CO2
emissions across various regions and for rolling time periods. The analysis focuses on
Latin America and the Caribbean, aggregating and disaggregating data by region and
introducing alternative measures of CO2 emissions. Though our findings confirm the
existence of the EKC at the global level, we do not find evidence of it for all regions.
A monotonic positive relationship between income and emissions is observed for Latin
America and the Caribbean. We also find that, in most cases, the income elasticity of
production-based emissions is lower than that of consumption-based emissions. This
distinction is particularly pronounced in the Latin American and Caribbean region, where
the income elasticity of consumption-based emissions is estimated at 0.95, as opposed
to 0.56 when using a production-based measure.
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1 Introduction

The relationship between economic growth and CO2 emissions has been a subject of

particular interest in the context of the fight against climate change. In this, decarbonization

has become a crucial issue, as countries strive to accomplish the 2030 Agenda for Sustainable

Development and comply with the Paris Agreement, which aims to limit global warming to

between 1.5°C and 2°C above pre-industrial levels, and requires reaching net zero CO2 by

around 2050. Yet attaining these goals poses particular challenges for developing countries,

including many in Latin America and the Caribbean, as they seek to achieve sustained growth

while also limiting emissions.

In order to build decarbonization strategies in Latin America and the Caribbean, a perspec-

tive that integrates both economic and social goals is key to ensuring that the process brings

economic and development opportunities for the region (IDB and DDPLAC, 2019). The

energy and transport sectors can play an important role in achieving this objective. However,

this transformation will require massive capital mobilization.1 This includes generation capac-

ity, grid expansion and storage, the electrification of both the transportation and residential

sectors, improvements in efficiency in end-use sectors, and policies to clean up the energy

matrices. Increasing the share of renewable energy is also essential for ensuring energy se-

curity, reliable and affordable energy, and sustainable economic growth amidst the challenges

posed by climate change.

In this paper, we examine the dynamics of CO2 emissions in relation to economic growth

through the lens of the Environmental Kuznets Curve (EKC).2 Understanding this relationship

is crucial for designing effective decarbonization strategies. We estimate the short- and long-

run income elasticities of per capita CO2 emissions employing a series of annual data from

1970 to 2020 from a broad sample of developed and developing economies, grouped by

region. Assessing an extensive time period is critical as the EKC describes a long-term
1To meet the infrastructure-related Sustainable Development Goals, the region will need to spend around

US$185 billion per year until 2030 on new infrastructure and on the maintenance and replacement of existing
facilities reaching the end of their useful life (Brichetti et al., 2021).

2The impact of economic growth on the environment, particularly as a source of CO2 emissions, has been
debated by academics and policy makers for decades. The Environmental Kuznets Curve (EKC) hypothesis,
postulated by Grossman and Krueger (1991), has provided a leading theoretical framework to analyze this
issue. The hypothesis postulates that the relationship between economic growth and environmental degradation
changes throughout a country’s development process. Under this view, the relationship is initially positive,
meaning that growth is associated with an increase in environmental degradation. The trend is then reversed
at a certain point on the development path, as countries become able to grow while increasing environmental
quality. Changes in an economy’s structure or technological development are implicit in the EKC since, in their
absence, economic growth always leads to proportional environmental degradation, a phenomenon that some
authors refer to as the scale effect (Stern, 2004).
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phenomenon. This approach also allows us to examine elasticity estimates in Latin America

and the Caribbean relative to the rest of the world. We use a primary measure of net

CO2 emissions that includes those from fossil fuels and industry measured on the production

side, but complement this analysis with two other measures: a consumption-based measure

that takes into account the emissions embedded in traded goods, and a production-based

measure that adds to our primary measure the emissions generated by land-use activities

(land-use change, deforestation, soils, or vegetation). In this way, we aim to achieve a

comprehensive view of the relationship between growth and emissions by considering trade-

embedded emissions and the emissions that come from both burning fossil fuels and land-use

activities.

The results from our baseline measure of CO2 emissions, production-based excluding land

use, appear to confirm the EKC at the global level, with the turning point shifting over time

to a lower level of GDP per capita. This means that the possibility of decoupling economic

growth from environmental degradation emerges at an earlier stage of development. However,

if a consumption-based measure of CO2 emissions is introduced instead, the magnitude of

the long-run elasticity (0.78) increases relative to the initial specification (0.64). Including

emissions from land use shifts the income elasticity of CO2 emissions with those from land

use included to 0.65. While the magnitude of the change is small, this figure shows greater

volatility over time. The situation of Latin America and the Caribbean in the global emissions

scenario varies according to the measure of emissions used. We reject the existence of the

EKC in the region and find a positive monotonic relationship between growth and emissions

in all cases. However, the magnitude of the positive income elasticity varies considerably: it is

0.56 in the case of production-based emissions but rises to 0.95 in the case of consumption-

based emissions. We do not find a significant relationship between economic growth and

production-based CO2 emissions in the region when land-use activities are included.

This study contributes to the literature by addressing some of the main methodological

and theoretical criticisms of the EKC. From a methodological perspective, our analysis uses

long time series as the EKC is by definition a long-run phenomenon, which using shorter time

series may obscure (Brown and McDonough, 2016). Furthermore, we control for common

factors to examine the possibility of cross-sections not being independent, a particularly rel-

evant consideration in regional analyses (Jardón et al., 2017). On the theoretical side, we

address the main criticisms of the EKC, which highlight the impact of globalization on the re-

lationship between growth and emissions. First, globalization opens up the possibility of some

countries relocating their more polluting industries or stages of production to other countries

(Dinda, 2004; Levinson and Taylor, 2008); secondly, the measurement of emissions may be
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complicated due to the structure of global trade itself (Leal and Marques, 2022). To consider

this dimension in the analysis, we employ a consumption-based measure of emissions. Our

work is, to the best of our knowledge, the first examining the EKC for the entire region of

Latin America and the Caribbean that incorporates a consumption-based measure into the

analysis.3

The remainder of the paper is structured as follows. Section 2 provides an overview

of global trends and regional variability in CO2 emissions and describes the position of Latin

America and the Caribbean in the global scenario. Section 3 introduces the dataset. Section 4

presents our methodology and Section 5 the results, including comparisons between different

measures of CO2 emissions. Conclusions and policy implications are discussed in Section 6.

2 Background

2.1 Global Trends and Regional Variability in CO2 Emissions

CO2 emissions are the main driver of climate change. Human activity, especially since the

Industrial Revolution, has dramatically increased the concentration of CO2 in the atmosphere.

Global surface temperatures between 2011 and 2020 were 1.1◦C higher than the 1900–1980

mean (IPCC, 2023). Figure 1 shows the evolution and regional composition of production-

based emissions. The long-term trend in global annual CO2 emissions shows a steady increase

from about 14 billion tons in 1970 to more than 35 billion tons in 2021, with a recent drop

in 2020 due to the COVID-19 pandemic.

The regional composition of emissions has also changed over the last half century. In

the 1970s, the main contributors to global CO2 emissions were the high-income countries in

Europe and Central Asia and North America. While these still account for a significant share

of total emissions, their contribution has decreased over time. In 1970, Europe and Central

Asia generated 44.7% of total emissions, while North America4 32.9% of the world’s total; by

2021 these shares decreased to 16.3% and 15.6%, respectively. Meanwhile, middle-income

regions have seen the greatest increase in their contribution to global emissions. East Asia

and the Pacific stands out as the main CO2 emitting region, with a share of 44.1% of total

emissions in 2021, while South Asia has seen its share of global emissions rise steadily, as

has the Middle East and North Africa. In contrast, Latin America and the Caribbean has
3Several studies have used consumption-based measures of CO2 emissions in single-country analyses. For

example Adebayo et al. (2021) focuses on the Chilean context, while Kirikkaleli and Oyebanji (2022) reviews
the case of Bolivia.

4North America includes Canada and the United States.
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maintained its share at around 5% over the same period.

Figure 1: Annual CO2 emissions by region

Source: Authors’ own elaboration based on Global Carbon Budget data.
Notes: Production-based CO2 emissions exclude land-use change and forestry and waste. Regions: East Asia and the Pacific
(EAP), Europe and Central Asia (ECA), Latin America and the Caribbean (LAC), the Middle East and North Africa (MENA),
North America (NAR), South Asia (SA), and Sub-Saharan Africa (SSA).

There are wide regional differences in how CO2 emissions per capita have changed over

time. Figure 2 shows both production- and consumption-based5 emissions per capita by re-

gion6. North America and Europe and Central Asia are the only regions that have successfully

reduced emissions over time. South Asia and East Asia and the Pacific have seen the largest

increases in CO2 emissions per capita, with an increase of 154% and 145%, respectively,

between 1990 and 2020. While the main dynamics at the regional level are consistent across

for both production-based and consumption-based emissions measures, there are some note-

worthy differences. In South Asia, East Asia and the Pacific, and the Middle East and North

Africa, production-based emissions have increased more than consumption-based emissions,
5Consumption-based emissions adjust production-based emissions to account for trade, meaning that emis-

sions associated with the production of exported goods are subtracted from total production-based emissions
and those associated with the production of goods imported into the country are added. Thus, a country or
region where consumption-based emissions are greater than production-based emissions would be a net importer
of CO2.

6In addition, Figure A1 in the Appendix displays CO2 emissions in tons per person by region.
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while the opposite has ocurred in the other regions. In the case of Latin America and the

Caribbean, emissions grew steadily until 2015 and have since declined, roughly in line with the

end of the commodity price boom phase. In addition, the dynamics of consumption-based

emissions have been more pronounced, with higher growth rates during the period of rising

emissions and deeper declines in recent years.

Figure 2: Evolution of per capita CO2 emissions by region

Source: Authors’ own elaboration based on Global Carbon Budget data.
Notes: Production-based CO2 emissions exclude land-use change and forestry and waste. Consumption-based emissions adjust
production-based emissions to account for trade, meaning that emissions associated with the production of exported goods are
subtracted and those associated with the production of goods imported into the country are added. Regions: East Asia and
the Pacific (EAP), Europe and Central Asia (ECA), Latin America and the Caribbean (LAC), the Middle East and North Africa
(MENA), North America (NAR), South Asia (SA), and Sub-Saharan Africa (SSA).

The relationship between economic growth and emissions has been studied since the

second half of the 20th century. One of the most influential papers is that of Meadows

et al. (1972), who used a computer simulation model to conclude that high growth rates

were incompatible within a global context of limited natural resources. According to this

theory, humanity would reach a point where the unsustainability of growth would lead to a

decline in industrial production and population. This result is based on an assumption of

limited technological growth. The EKC hypothesis, meanwhile, as proposed by Grossman

and Krueger (1991), marked a turning point in the analysis of the relationship, which came
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to be considered as being non-monotonic.

The Kuznets curve, initially proposed by Kuznets (1955) to study the relationship between

income per capita and inequality, posits an inverse U-shape to denote inequality rising with

income growth until reaching an inflection point at a certain level of per-capita income, after

which it decreases. Likewise, the EKC posits a relationship between growth and environmental

degradation that changes over the course of economic development. Under this view, the

relationship is positive in the early stages of development until the country reaches a certain

level of income per capita. From that point on, income is decoupled from emissions, and

countries manage to grow with a decreasing detrimental impact on the environment. The

underlying rationale is that the development process achieves certain changes in productive

structures, permits technological advances that enable cleaner production, and generates

greater environmental awareness in society (World Bank, 1992; Panayotou, 1993). These

technological advances and innovations include the ability to generate clean energy. Since

the 1990s, the EKC has become the main framework for analyzing the relationship between

economic growth and emissions, generating a substantial body of literature that has adopted

this setup when modeling emissions and has investigated its validity using both time series

and panel data (Cole et al., 1997; Dinda, 2004; Kijima et al., 2010; Stern, 2017; Leal and

Marques, 2022).

Although the EKC has become the main theoretical and methodological framework for

explaining the relationship between growth and environmental degradation, a body of litera-

ture has emerged that is critical of some aspects of this proposal. Most of these criticisms

revolve around the methodology or theoretical aspects of the hypothesis. The methodolog-

ical criticisms fall into a few main groups, which are worth discussing here. First, empirical

analyses of this phenomenon – by definition, a long-term one (Brown and McDonough, 2016)

– have tended to use relatively short time series. This may explain why some papers find

no evidence for the existence of the relationship. Second, many panel data studies do not

account for the possibility that their cross-sections may be interdependent. This is, however,

a particularly relevant issue in regional analyses, where such interdependence is likely to exist.

In the case of Latin America and the Caribbean, Jardón et al. (2017) show that the EKC

hypothesis, which is supported under an assumption of cross-sectional independence, is not

found when this issue is considered.

Other critiques focus on theoretical aspects of the EKC. First, in a scenario of globalized

open economies, the curve’s shape might be explained not only by countries’ own development

processes but also by the changing structure of trade. Specifically, there has been a tendency

to shift more polluting industries or stages of production to developing countries, while devel-
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oped countries focus more on less polluting sectors and cleaner technologies (Grossman and

Krueger, 1991). The so-called pollution haven hypothesis suggests that this phenomenon

is the result of differences in environmental regulations, which create incentives for firms to

relocate to countries or regions with more lax regulations (Dinda, 2004; Levinson and Taylor,

2008; Sarkodie and Strezov, 2019). Evidence in support of this theory is, however, mixed

(Bashir, 2022). Alternatively, the dynamics of the EKC may be explained by the structure of

global trade itself, with developing countries specializing more in labor-intensive industries or

stages of production while developed countries specialize in more technologically and capital-

intensive industries or stages of production, in line with their comparative advantages (Leal

and Marques, 2022). These considerations highlight the need to consider the trade dimension

in the analysis of the relationship between emissions and economic growth, and has recently

led to the inclusion of both production- and consumption-based measures of CO2 emissions

in the literature (Cohen et al., 2018; Hubacek et al., 2021; Hassan et al., 2022).

An additional critique is that the use of income as an explanatory variable represents a

reduced-form formulation: since income is a variable that encompasses so many aspects of

the economy, it makes it difficult for these analyses to generate policy proposals. The impact

of the economies of scale, the structure of production, changes in the input mix, and other

causes related to social and idiosyncratic characteristics of countries are thus obscured under

the umbrella of income (Stern, 2017).

2.2 Latin America and the Caribbean in the Global Scenario of CO2

Emissions

The "grow first, then clean up" paradigm of the EKC is difficult to justify in the current

context of climate change. In the energy sphere, there is an urgent need for developing

countries to leapfrog fossil fuels to renewable energy sources. Although there is evidence

that countries are making their energy transitions at increasingly lower levels of GDP per

capita (Marcotullio and Schulz, 2007), and development processes are therefore less polluting

today than they used to be, economic growth in today’s developing countries is no less

energy intensive than past growth in industrialized countries (Benthem, 2015).7 Despite

improvements in energy efficiency, reducing emissions while ensuring economic growth is still

a major challenge for developing countries. However, this can also be seen as an opportunity to
7Balza et al. (2024) explore the energy consumption-income growth relationship in Latin America and the

Caribbean. Their findings reveal a robust positive correlation, which is more pronounced than in other country
groups. This indicates that economic growth in the region remains significantly energy-intensive, challenging
the notion of a less polluting development process in contemporary developing countries.
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implement structural policies that ensure growth and achieve achieve climate goals, among

other development objectives (IDB and DDPLAC, 2019). Environmental regulations are

often lax in developing countries (Dasgupta et al., 2002) and production structures are more

concentrated toward traditionally more polluting sectors such as agriculture and industry.8

Therefore, there is ample scope for implementing policies and reforms that aim to attract

the investments needed to meet climate goals.

Figure 3: CO2 emissions and GDP in Latin America and the Caribbean

Source: Authors’ own elaboration based on Global Carbon Budget data.
Notes: Production-based CO2 emissions exclude land use change and forestry and waste. Consumption-based emissions adjust
production-based emissions to account for trade, meaning that emissions associated with the production of exported goods are
subtracted and those associated with the production of goods imported into the country are added. Latin America and the Caribbean
includes the following countries: Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador, El Salvador,
Guatemala, Honduras, Jamaica, Mexico, Nicaragua, Paraguay, Peru, Trinidad and Tobago, Uruguay, and Venezuela.

Latin American and Caribbean economies face a particularly complex situation in terms

of reducing emissions and complying with the Paris Agreement. One of the main difficulties

arises from the characteristics of the productive matrix of several countries in the region,

which are oriented towards the extraction of raw materials to meet global demand, a process

associated with high levels of CO2 emissions. As shown in Figure 3, aggregate per capita CO2

8According to data from Climate Watch and the World Resources Institute, 29% of global CO2 emissions
are generated by industrial activity and industrial energy use, while 18% are generated by agriculture, forestry,
and land use. Moreover, low-technology manufacturing, highly concentrated mostly in developing countries, is
associated with the highest emissions (Avenyo and Tregenna, 2022).
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emissions began to decouple from economic growth starting in the early 2000s. Since then,

GDP per capita grew faster than all three measures of emissions. However, while growth

has slowed over time in production-based CO2 emissions per capita including land use9, this

is not the case when measuring either production-based emissions excluding land use or

consumption-based emissions; reductions in the growth rate of these emissions measures

have only becoming apparent in recent years, particularly since 2014.

Figure 4: Production-based CO2 emissions in Latin America and the Caribbean by subregion

Source: Authors’ own elaboration based on Global Carbon Budget data.
Notes: Production-based CO2 emissions exclude land use change and forestry and waste. We follow the IDB regional country
composition for Latin America and the Caribbean: CAN (Bolivia, Colombia, Ecuador, Peru, and Venezuela), CCB (the Bahamas,
Barbados, Guyana, Jamaica, Suriname, and Trinidad and Tobago), CID (Belize, Costa Rica, Dominican Republic, El Salvador,
Guatemala, Haiti, Honduras, Mexico, Nicaragua, and Panama), and CSC (Argentina, Brazil, Chile, Paraguay, and Uruguay).

When looking at the trajectory of annual emissions levels, the picture is a somewhat more

positive. Figure 4 shows annual production-based CO2 emissions in million tons in Latin

American and the Caribbean10. Annual emissions have increased over time in the region,

reaching a maximum of 1.849 billion tons in 2014. They have followed a downward trend

since, with a significant drop in 2020 associated with the impact of the COVID-19 pandemic

and a subsequent recovery in 2021, though this increase still saw emissions return to a level
9The behavior of this measure of CO2 emissions in the region closely mirrors the pattern of deforestation in

the Brazilian Amazon, as can be seen in Appendix Figure A2.
10A complementary breakdown of energy-related CO2 is shown in Appendix Figure A3.
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lower than their pre-COVID figure. When disaggregated by subregion, the Southern Cone

is the region’s largest emitter, accounting for around 48% of total emissions in 2021. It is

followed by Central America with 31% of total emissions, of which 25% are from Mexico,

and by the Andean Group with 18% of total regional emissions. Emissions from the Southern

Cone countries have been increasing their share of total emissions since the mid-1980s, while

the shares of Central America and, to a lesser extent, the Andean Group have been decreasing

over time.

The relationship between economic growth and environmental impact, approximated by

various aggregates such as CO2 emissions, has been studied in the Latin American and

Caribbean context within the theoretical framework of the EKC. However, many of the crit-

icisms leveled at this hypothesis in discussions of other regions or global trends are equally

applicable to this area. There is no clear consensus on the matter among studies that use

long time series to explore the existence of the EKC in a Latin American panel of countries.

Some research finds evidence of a relationship between income per capita and CO2 emissions

consistent with the EKC hypothesis (Al-mulali et al., 2015; Sapkota and Bastola, 2017), in-

cluding some evidence for the region as a whole (Sánchez and Caballero, 2019), while other

studies conclude that the relationship between economic growth and CO2 emissions in the

region is linear and positive (Seri and de Juan Fernández, 2023). Yet other works observes

an N-shaped relationship (Poudel et al., 2009).

Scholars have also come to divergent conclusions on related issues. Pablo-Romero and

De Jesús (2016) do not find that the EKC applies to the relationship between economic

growth and energy consumption in the region, but Bhattarai and Hammig (2001) confirm the

EKC relationship between income and deforestation. Differences in the estimation method,

the period covered, the control variables, and the sample composition may lie behind these

differences. Moreover, since most of Latin America comprises middle-income countries, it may

be that these countries are close to the turning point of the relationship, possibly explaining

the divergent results.

In the case of Latin America and the Caribbean, the behavior of the export sector is

also particularly important for a complete overview of the relationship between income and

emissions. The region’s productive and export matrices, with a few exceptions, are dominated

by commodities, while imports are mostly manufactured products.11 Both industries are

associated with high levels of CO2 emissions. The extraction and processing of natural

resources is responsible for approximately half of global greenhouse gas emissions, of which
11According to World Bank data (World Integrated Trade Solution), in 2020, 30% of total exports in Latin

America and the Caribbean were raw materials and 70% of total imports were manufacturing products.
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CO2 is a major component. In the case of Latin America and the Caribbean, this figure rises

to 60% for some South American countries (UNEP, 2019). The manufacturing sector is also

a major source of CO2 emissions (Sohag et al., 2017). Consumption-based emissions, which

incorporate the structure of trade into the analysis, are therefore particularly relevant to the

region’s situation. In fact, as shown in Figure 5, there are significant differences in how the

region’s CO2 emissions change over time depending on whether production- or consumption-

based measurements are considered; these measurements also uncover differences within the

region.12 In general terms, the gap between production-based and consumption-based CO2

emissions can be explained by the composition and behavior of the trade balance.

Figure 5: Production- and consumption-based CO2 emissions in Latin America and the Caribbean
by subregion

Source: Authors’ own elaboration based on Global Carbon Budget data.
Notes: Production-based CO2 emissions exclude land use change and forestry and waste. Consumption-based emissions adjust
production-based emissions to account for trade, meaning that emissions associated with the production of exported goods are
subtracted and those associated with the production of goods imported into the country are added. We follow the IDB regional
country composition for Latin America and the Caribbean (LAC): CAN (Bolivia, Colombia, Ecuador, Peru, and Venezuela), CCB
(the Bahamas, Barbados, Guyana, Jamaica, Suriname, and Trinidad and Tobago), CID (Belize, Costa Rica, Dominican Republic,
El Salvador, Guatemala, Haiti, Honduras, Mexico, Nicaragua, and Panama), and CSC (Argentina, Brazil, Chile, Paraguay, and
Uruguay).

12In Appendix Figure A4, we also compare these two emissions measures at the country level across nations
for which data on both is available. In the case of Panama, although data are available for both measures, the
consumption-based CO2 emissions data series has missing values between 2002 and 2007 and 2010 and 2014;
published data from the country uses linear interpolations for these periods. For this reason, we decide not to
include Panama in this paper.
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Moreover, until very recently, the literature on CO2 emissions in the region has not con-

sidered these different methods of measuring emissions, and therefore a complete picture of

the relationship between income and emissions is not available. Recent work has examined

the phenomenon with consumption-based emissions measures for individual countries, such

as Adebayo et al. (2021) for Chile and Kirikkaleli and Oyebanji (2022) for Bolivia. However,

to the best of our knowledge, no regional study of the phenomenon has yet been conducted.

This paper contributes to the literature by examining the relationship between economic

growth and CO2 emissions, including those from domestic production as well as emissions

measures that incorporate the dynamics of the external sector.

3 Data

The dataset used in this paper consists of an unbalanced panel covering 136 countries,

including 21 countries from Latin America and the Caribbean, with annual data for the period

1970–2020.13 The dependent variable is a measure of annual production-based emissions

of carbon dioxide (CO2E) in tons per person.14 The measure does not include emissions

embedded in traded goods and those derived from land use change. We also complement

this measure of CO2 emissions with two alternative metrics. The first is a consumption-

based CO2 emissions measure (CCO2E), in tons per person, which is adjusted for trade

(i.e., production emissions within the country minus emissions embedded in exports, plus

emissions embedded in imports). The second is a production-based CO2 emissions measure

(LUCO2E), in tons per person, which includes land use change.15 All CO2 metrics are derived

from the Global Carbon Budget database.

The main explanatory variable is GDP per capita (GDP ), in constant 2015 US dollars,

from the World Bank World Development Indicators (WDI) database. Its relationship with

per capita CO2 emissions is modeled in this paper following the EKC hypothesis, i.e., as a

quadratic relationship. As Figure 6 shows, this form is supported by a first exploratory analysis
13Specifically, Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador, El Sal-

vador, Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico, Nicaragua, Paraguay, Peru, Suriname, Trinidad
and Tobago, and Uruguay.

14CO2 emissions include the oxidation of fossil fuels through both combustion and chemical oxidation ac-
tivities, and the decomposition of carbonates in industrial processes. They also include CO2 uptake from the
cement carbonation process as explained in Friedlingstein et al. (2022).

15This includes CO2 emissions from deforestation, afforestation, logging and forest degradation (including
harvest activity), shifting cultivation (cycles of cutting forests for agriculture followed by abandonment of the
fields), and regrowth of forests (following wood harvest or agriculture abandonment). It also incorporates
emissions from peat burning and drainage (Friedlingstein et al., 2022).
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of the data, at least at the global level.

We also include other regressors in the specifications to control for some relevant factors

identified in the literature. These include the value added of agriculture (AGRIC), manu-

facturing (MANUF ), and services (SERV ), respectively, expressed as a percentage of GDP

from the WDI database. Including these variables allows us to control for varying GDP

compositions across countries, which has been identified in the literature as a driver of CO2

emissions. For instance, the industrial sector— comprising manufacturing, mining, and en-

ergy production— has repeatedly been identified as a major contributor to CO2 emissions

(Sohag et al., 2017). Meanwhile, agriculture stands out as a particularly important driver of

emissions in Latin America and the Caribbean (Seri and de Juan Fernández, 2023). Processes

of structural transformation, which involve changes in the sectoral composition of GDP, have

likewise been found to have a positive impact on CO2 emissions (Mehmood Mirza et al.,

2022).

Figure 6: CO2 emissions per capita and GDP per capita by region

Source: Authors’ own elaboration based on Global Carbon Budget data.
Notes: Production-based CO2 emissions do not include land use change and forestry and waste. Regions: East Asia and the
Pacific (EAP), Europe and Central Asia (ECA), Latin America and the Caribbean (LAC), Middle East and North Africa (MENA),
North America (NAR), South Asia (SA), and Sub-Saharan Africa (SSA).

We furthermore consider the percentage of renewable sources in the energy matrix (RE)

from the International Energy Agency World Energy Balances 2022. The rationale for includ-
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ing this stems from an extensive literature showing that increasing the share of renewables in

the energy matrix has a significant impact on reducing CO2 emissions (Yuping et al., 2021;

Kirikkaleli et al., 2022). This impact is particularly large in the case of Latin America and

the Caribbean (Dong et al., 2018). Appendix Table 1A presents some descriptive statistics

for the data.

4 Empirical Strategy

The EKC describes a long-term phenomenon that relates the trajectory of environmental

degradation, in this case measured by CO2 emissions, to countries’ development processes,

usually captured by GDP per capita (Brown and McDonough, 2016). We accordingly estimate

it with a methodological framework that distinguishes between the short and long term. In

order to be consistent with the EKC, we model the relationship in a quadratic form, an

approach supported by the preliminary exploration of the data. The long-run income elasticity

of CO2 emissions can be represented by the following equation:

ln(CO2Eit) = β0 + β1ln(GDPit) + β2ln(GDPit)
2 + εit (1)

Equation (1) represents the long-run relationship between CO2 emissions and GDP per

capita. However, different short- and long-run coefficients can be modeled when adding the

first-order lag of the dependent variable to the specification as in Koyck (1954). Model (1)

then becomes:

ln(CO2Eit) = β0 + γln(CO2Ei ,t−1) + β1ln(GDPit) + β2ln(GDPit)
2 + εit (2)

The emergence of different short- and long-run coefficients comes from the adjustment

mechanism given by γ. By bringing the lag of the endogenous variable to the right side of

the equation, model (2) can be represented as:

(1− γL) ln(CO2Ei) = β0 + β1ln(GDPit) + β2ln(GDPit)2 + εit (3)

where (1 − γL) is the lag operator and the coefficients on the right side of the equation

represent the short-run dynamics. This means that the total income elasticity of CO2E in

the same period can be calculated as β1+2β2ln(GDP ). The long-run total income elasticity,

which indicates the cumulative effect of a sustained 1 percentage point increase in GDP , is
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given by the following expression:

δgdp =
β1 + 2β2ln(GDP )

1− γ (4)

In our analysis, we start from the framework established by the EKC but extend it by taking

into account suggestions from the literature related to the use of this analytical framework.

First, we address the possibility that the cross-sections are not independent by including a

common factor—the oil price—that would serve to approximate global economic conditions

(Mohaddes and Pesaran, 2017). This factor is particularly relevant at the regional level,

especially in Latin America, as shown by Jardón et al. (2017). Second, we control for relevant

factors in the regression. Specifically, we account for the productive structure by including

the value added of agriculture, manufacturing, and services, each calculated as a percentage

of GDP. We also include a proxy for the weight of clean energy in the energy matrix, i.e., the

percentage of renewables in the total energy mix.

Given the above information, the previous setup can be extended by including the relevant

control variables and fixed effects:

ln(CO2Eit) = β0+ γln(CO2Ei ,t−1)+β1ln(GDPit)+β2ln(GDPit)
2+Aθi +αi +αixOILPt + t + t

2+ εit (5)

where i and t refer to country and year dimensions, respectively. The long-run CO2 emissions

(CO2E) are a function of income per capita (GDP ) and its square. A is a matrix of relevant

controls, including the sectoral composition of GDP and the share of renewable sources in

the energy matrix. αi represents country fixed effects, and αixOILPt denotes an interaction

between country fixed effects and a common factor, namely the evolution of oil prices, allowing

us to account for the differential impact of oil prices at the country level. t+ t2 is a quadratic

time trend, and εit represents the error term.

We estimate equation (5) using a country fixed effects (FE) estimator with Driscoll-Kraay

standard errors that are robust to heteroskedasticity and general forms of serial correlation

and cross-sectional ("spatial") dependence. The country fixed effects allow us to capture

country-specific factors that may explain CO2 emissions, while the interaction of oil prices

with country dummies allows us to control for common global economic factors that may

affect each country differently. The time trend captures the dynamics of emissions, which are

expected to increase with marginal returns over time given the earth’s environmental limits.16

We complement the analysis with production-based CO2 emissions as the explanatory

variable, with consumption-based CO2 emissions (to account for the behavior of the external

16We also test the stability of the estimates when employing different types of fixed effects, see the results
in Appendix Figure A5.
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sector) and production-based CO2 emissions (including emissions generated by land use,

forestry, and waste, as dependent variables. Although the latter two measures would, in

principle, offer better approximations of the phenomenon, the data cover a smaller temporal

range and the literature on this approach is limited. This leads us to consider them as

alternative approaches to the use of production-based CO2 emissions as the main measure

of pollution in this paper.

5 Results

Table 2 presents the results of the estimation of equation (5). The first column reports

the estimates for a global sample that includes both developed and developing countries,

the second column refers to the estimates for the Latin America and the Caribbean region,

and the remaining columns those of other geographic regions with more than 10 countries.

The first part of each column shows the short-run estimates, with the last row containing

the lag of the dependent variable (the adjustment term). The second part of each column

presents the long-run coefficients. We introduce a quadratic relationship between GDP and

CO2 emissions, following the EKC hypothesis, only in those cases where it turns out to be

significant. When this is the case, we also include the turning point, which indicates the

level of GDP per capita, in constant 2015 US dollars, where the relationship between CO2

emissions per capita and GDP per capita changes its sign from positive to negative. This

is the specific value of GDP per capita at which the decoupling process between CO2 and

economic growth would occur.

While the controls have the expected signs, there are regional differences in terms of

significance. The share of manufacturing in GDP is positively associated with emissions at

the global level and for the Middle East and North Africa. The share of agriculture in GDP

is significant for Latin America and the Caribbean, where it has a negative sign. Tachega

et al. (2021) also capture this mitigating effect of the agricultural share in some regions,

although note that agriculture has a positive sign for Europe and Central Asia. The share

of renewables in the energy matrix is significant in all regions, suggesting that an increase

in the share of renewables is associated with lower emissions. The negative impact is also

particularly large in the case of Latin America and the Caribbean, where a 1% increase in

renewables is associated with a long-term impact of –0.36% in emissions. This is consistent

with previous findings (Dong et al., 2018) and is indicative of the potential for renewable

resources to reduce emissions in the region.
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Table 1: FE estimates of CO2 emissions by region

Dependent variable ln(CO2Eit)

World LAC No LAC EAP ECA MENA SSA

(1) (2) (3) (4) (5) (6) (7)

ln(GDPit) 0.748*** 0.181** 0.726*** 1.468*** 0.701*** 0.088* 1.247***

(0.084) (0.064) (0.119) (0.422) (0.208) (0.048) (0.246)

ln(GDPit)2 -0.036*** -0.034*** -0.073** -0.027** -0.073***

(0.005) (0.007) (0.025) (0.011) (0.017)

ln(MANUFit) 0.040*** 0.062 0.039*** -0.046 0.027 0.053** 0.032

(0.009) (0.042) (0.014) (0.075) (0.038) (0.025) (0.039)

ln(AGRICit) -0.015 -0.071* 0.001 -0.006 0.041* -0.010 -0.035

(0.019) (0.038) (0.016) (0.063) (0.022) (0.020) (0.047)

log(SERVit) -0.007 -0.029 -0.006 -0.065 0.037 -0.038 -0.101*

(0.018) (0.043) (0.023) (0.050) (0.081) (0.041) (0.056)

ln(REit) -0.043** -0.115*** -0.036*** -0.047*** -0.033** -0.024* -0.511***

(0.014) (0.030) (0.009) (0.015) (0.014) (0.014) (0.096)

ln(CO2Eit-1) 0.769*** 0.678*** 0.778*** 0.784*** 0.706*** 0.712*** 0.662***

(0.028) (0.072) (0.025) (0.045) (0.033) (0.044) (0.042)

Long-run coefficients

ln(GDPit) 3.232*** 0.563*** 3.267*** 6.798*** 2.385*** 0.307* 3.687***

(0.589) (0.167) (0.553) (2.179) (0.546) (0.168) (0.664)

ln(GDPit)2 -0.154*** -0.152*** -0.336** -0.090*** -0.215***

(0.032) (0.032) (0.131) (0.031) (0.050)

ln(MANUFit) 0.173*** 0.193 0.176*** -0.214 0.093 0.183** 0.093

(0.034) (0.123) (0.063) (0.373) (0.130) (0.087) (0.124)

ln(AGRICit) -0.064 -0.219** 0.004 -0.026 0.139* -0.031 -0.102

(0.079) (0.094) (0.073) (0.292) (0.076) (0.067) (0.140)

ln(SERVit) -0.028 -0.091 -0.027 -0.301 0.126 -0.130 -0.300**

(0.077) (0.138) (0.105) (0.204) (0.275) (0.147) (0.151)

ln(REit) -0.184*** -0.356*** -0.161*** -0.217** -0.113*** -0.082* -1.510***

(0.044) (0.080) (0.038) (0.089) (0.040) (0.047) (0.244)

Turning point $ 36,198 - $ 46,477 $ 24,737 $ 568,070 - $ 5,294

R-squared 0.900 0.868 0.907 0.931 0.874 0.895 0.877

Observations 4,486 902 3,584 501 1,259 663 832

Number of countries 136 21 115 17 43 23 24

Notes: All estimations include country fixed effects, an interaction term between country and oil prices, and a quadratic time trend.

Driscoll-Kraay standard errors in parentheses. A quadratic relationship between ln(GDP) and ln(CO2E) is considered when it is

significant. *** p<0.01, ** p<0.05, * p<0.1.

The relationship between growth and emissions takes different functional forms for dif-

ferent regions. We confirm the EKC hypothesis at the global level – with a turning point

around $36,198 per capita – as well as for East Asia and the Pacific, Europe and Central

Asia, and Sub-Saharan Africa. This means there is a certain development threshold above

which these countries can achieve growth while reducing emissions. However, the threshold

value in Europe and Central Asia ($568,070) is higher than the region’s maximum level of

GDP per capita ($112,418), meaning that this decoupling between emissions and economic
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growth has not been reached in any country in the region.

In contrast, we reject the EKC hypothesis in the case of Latin America and the Caribbean

and the Middle East and North Africa. In these two regions, we find a positive linear rela-

tionship between growth and emissions; our results suggest that it is not currently possible

to sustain growth – at any income level – without also increasing emissions. The long-run

income elasticities for these two regions are 0.57 and 0.31, respectively, meaning that a 1%

increase in per capita GDP is associated with a 0.57% increase in per capita CO2 emissions

in Latin America and the Caribbean and a 0.31% increase in emissions in the Middle East

and North Africa.

The overall magnitude of the elasticities is difficult to observe a priori when a quadratic

relationship is imposed, since their value changes at different levels of GDP per capita. There-

fore, Table 3 presents short- and long-run income elasticities calculated at each region’s me-

dian level of GDP per capita in the cases where we find a significant quadratic relationship

between income and emissions. To analyze the stability of the elasticities over time, we

calculate elasticities by region and by income group, as well as for overlapping time periods

with respect to the full sample, the full sample without Latin America and the Caribbean,

and Latin America and the Caribbean alone.

As the table shows, the estimated global long-run income elasticity is around 0.69, with

large differences across regions. The Middle East and North Africa has the lowest elasticity

(0.31), followed by Latin America and the Caribbean (0.57) and Europe and Central Asia

(0.61). East Asia and the Pacific has the highest elasticity, which, at 1.29, is also greater

than 1, meaning that the rate of GDP growth is associated with an even higher increase in

emissions (i.e., a 1% growth in GDP is associated with a 1.29% growth in emissions in the

long run).

Analyzing the elasticities by dividing the sample by countries’ GDP per capita is also partic-

ularly instructive, since the EKC can be seen as an expression of the process of development.

Indeed, the results of the long-run income elasticities indicate differences across income levels.

High and upper middle income countries account for the lowest income elasticities (0.62 and

0.60, respectively), while lower middle income countries have the highest income elasticity

(0.78). While the elasticities are positive at the median of all income groups, the results

also indicate that income elasticity increases up to a lower-middle-income level, decreasing

at higher levels of GDP per capita while remaining positive.
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Table 2: Long-run income elasticity of CO2 emissions

ln(CO2Eit)

SR LR

World† 0.159*** 0.686***

LAC 0.181** 0.563***

No LAC† 0.171*** 0.769***

EAP† 0.279*** 1.293***

ECA† 0.179*** 0.609***

MENA 0.088* 0.307*

SSA† 0.258*** 0.763***

Low income 0.187** 0.649***

Lower middle income† 0.214*** 0.777***

Upper middle income 0.144* 0.596***

High income† 0.149*** 0.619***

World

1970-1985 0.341* 0.712***

1980-1995 0.422** 0.745***

1990-2005† 0.277*** 0.561***

2000-2015† 0.238** 0.560**

2010-2021† 0.331*** 0.715***

LAC

1970-1985 0.588*** 0.943***

1980-1995 0.894 1.296**

1990-2005 0.469*** 0.765***

2000-2015 0.400*** 0.760***

2010-2021 0.383*** 0.605***

No LAC

1970-1985 0.280 0.584*

1980-1995 0.366* 0.677***

1990-2005† 0.265*** 0.567***

2000-2015† 0.235** 0.571**

2010-2021† 0.344*** 0.770***

Notes: A quadratic relationship between ln(GDP) and ln(CO2E) is considered when it is significant, and it is indicated with †.

In such cases, the predicted income elasticity is calculated at the median value of ln(GDP). All estimations include country fixed

effects, an interaction term between the country and oil prices, and a quadratic time trend. *** p<0.01, ** p<0.05, * p<0.1.

The bottom part of the table shows income elasticities for different rolling time periods,

calculated separately for the full sample, the full sample without Latin America and the

Caribbean, and Latin America and the Caribbean alone. At the global level, the long-run

income elasticity shows a U-shaped pattern, with a decrease until 2000–2015, when it stood

at 0.56, followed by an increase to its maximum value in the last decade (0.72). The

functional form of the relationship has also changed over time, as shown in Figure 7. We find

a positive linear relationship between growth and emissions in the first decades of the period

analyzed, which becomes quadratic around the 1990s, when the possibility of a decoupling of

emissions and growth emerges. Thus, income elasticity changes along the distribution of GDP

20



per capita, opening up the possibility of becoming negative, as the figure shows. Moreover,

the level of GDP per capita at which the relationship turns from positive to negative has

shifted to the left. That is, the point at which the sign is reversed has been moving earlier

in the development process over time, consistent with the results of other empirical research

(Dasgupta et al., 2002).

Figure 7: Long-run income elasticity for different rolling time periods

Notes: A quadratic relationship between ln(GDP) and ln(CO2E) is considered when it is significant. In cases where a quadratic
relationship was confirmed, the dot represent the income elasticity at the median, and the dispersion interval represents the income
elasticities at all points of the distribution of ln(GDP), with the income elasticity at the maximum and minimum of the distribution,
respectively, in the extremes of the interval.

The picture is somewhat different in the case of Latin America and the Caribbean, where

we find a linear relationship between growth and emissions. The long-run income elasticity,

although consistently positive, has decreased from its peak in 1980–1995 to its lowest value

of 0.61 in the last decade. However, this analysis should be treated with caution as changes

in the the sample’s composition over time due to data availability may have influenced the

measures of elasticity at various points in time, especially in terms of their magnitude, given

the small number of cross-sections.17

17This is certainly the reason why the elasticity for Latin America and the Caribbean is lower for the whole
period than for the different sub-periods.
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5.1 Comparison with other Measures of CO2 Emissions

So far, we have examined the relationship between GDP per capita and CO2 emissions

per capita, measured on the production side and excluding emissions from land use. How-

ever, considering other emissions measures can help to provide a more complete picture of

the relationship. In this section, we introduce two alternative measures into the analysis.

The first is a consumption-based CO2 emissions measure, which accounts for the behavior of

the external sector by accounting for emissions embedded in imports and subtracting those

generated domestically to produce exports. The second is a production-based CO2 emissions

measure that includes land use. Using a consumption-based measure is particularly relevant

for analyses at the regional level. Doing so enables the analysis to consider channels such as

the most polluting production being relocated to countries with less stringent environmen-

tal regulations (Dinda, 2004; Levinson and Taylor, 2008) and the impact of the emissions

from extractive industries (Zheng et al., 2023), which are mostly oriented to supply foreign

markets. Meanwhile, including emissions from land use change makes it possible to capture

the emissions generated by the deforestation processes and other activities related to land

exploitation.

Figure 8 shows the long-run elasticities for the full sample and disaggregated by re-

gion. Our main measure of emissions, production-based CO2 emissions, is shown in the

left panel. The middle panel shows the elasticities for consumption-based emissions and the

right panel lists the same figures using production-based emissions. To compare the magni-

tude of the elasticities across measures, we limit the period of analysis to 1990–2020 because

our consumption-based emissions data begins in 1990. At the aggregate level, the results

suggest that the long-run global income elasticity for emissions measured on the consumption

side is significantly higher (0.78) than for emissions measured on the production side (0.64),

our baseline measure. The income elasticity of production-based emissions including those

from land use change (0.65) is almost the same as our baseline emissions measure.

In the case of Latin America and the Caribbean, we find that income elasticity using

the consumption-based measure of emissions is significantly higher (0.95) than when it is

calculated using the production-based measure of emissions (0.56). Many regional factors

may explain this result, including the impact of changes in income distribution on imports

or external energy dependence. There is no statistically significant relationship when the

calculations are carried out using emissions including land use.
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Figure 8: Long-run income elasticity of different measures of CO2 emissions by region

Notes: A quadratic relationship between ln(GDP) and ln(CO2E) is considered when it is significant. This is the case for the World,
No LAC, EAP, and SSA for all measures of CO2 emissions, and is true for ECA for production-based CO2 emissions only. In these
cases, the predicted income elasticity is calculated at the median value of ln(GDP). Regions: Latin America and the Caribbean
(LAC), East Asia and the Pacific (EAP), Europe and Central Asia (ECA), Middle East and North Africa (MENA), and Sub-Saharan
Africa (SSA). Both 90% and 95% confident intervals are displayed.

The picture for the remaining regions is heterogeneous. In general, we find relatively small

differences between the elasticities of production- and consumption-based emissions measures

at the regional level. The latter are higher than the former in East Asia and the Pacific (1.07

and 1.01, respectively) and in Europe and Central Asia (0.86 and 0.55, respectively). In other

words, these regions have higher income elasticity when emissions are adjusted to account

for the dynamics of the external sector. However, the rise is minimal for East Asia and the

Pacific, suggesting that changes in the external sector have only a small impact as drivers

of emissions. Moreover, in this region we find elasticities greater than 1. This indicates

that economic development, manifested as an increase in GDP per capita, is associated with

a larger increase in emissions. In the case of the regions of Middle East and North Africa

and Sub-Saharan Africa, we find no significant relationship between GDP per capita and

consumption-based emissions.

Including land-use emissions in calculations of income elasticities under production-based

emissions measurements appears to reduce income elasticities in the cases of East Asia

and the Pacific (0.51 from 1.01) and the Middle East and North Africa (0.29 from 0.34).
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Conversely, Europe and Central Asia see a substantial increase in income elasticity—from

0.55 to 0.87—when including land use. Lastly, for sub-Saharan Africa, the income elasticity

of production-based emissions including land use is not significant.

Figure 9 shows the long-run income elasticity of emissions over time. The top pan-

els present data for the full sample, while the bottom panels focus on Latin America and

the Caribbean. The income elasticity of CO2 emissions varies depending on the emissions

measures used. Specifically, for the full sample, the U-shaped form observed with our main

emissions measure disappears when we include land-use emissions. In this case, the elas-

ticity does not show a clear trend; however, it is significantly lower in 2010–2020 (0.64)

than in 1970–1985 (0.83). There is an increasing trend in the elasticity of both production-

and consumption-based emissions since the 1990s, but this increase is much greater for

consumption-based emissions. In the most recent period, the elasticity was even higher than

1 at the global level (1.11).

Figure 9: Long-run income elasticity of different measures of CO2 emissions for different time
periods

Notes: A quadratic relationship between ln(GDP) and ln(CO2E) is considered when it is significant. This is the case for the global
production-based emissions for the period 1990-2020, the period 2010-2020 for global consumption-based emissions, and the period
2000-2015 for global production-based emissions including land use. In the case of LAC, a quadratic relationship is considered only
for the period 2000-2015 for consumption-based emissions. In all cases where a significant relationship exists, the predicted income
elasticity is calculated at the median value of ln(GDP). Both 90% and 95% confidence intervals are displayed.
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The declining pattern in income elasticity found in Latin America and the Caribbean when

using our standard production-based measure of emissions is not replicated when emissions

are measured from the consumption side, taking into account the dynamics of the external

sector. Rather, we find a sustained elasticity greater than 1 over time, but we do not find

a significant relationship between economic growth and CO2 emissions in the most recent

subperiod, between 2010 and 2020. For production-based emissions, which include emissions

from land use activities, we do not find a significant relationship between economic growth

and emissions.

6 Conclusions

In this paper, we explore the relationship between growth and CO2 emissions through the

lens of the EKC hypothesis. At the global level, our results confirm the EKC hypothesis,

revealing a leftward shift in the curve’s turning point, in line with existing research (Dasgupta

et al., 2002). This suggests that it is becoming possible to decouple emissions from economic

growth at earlier stages of development. However, when using a consumption-based measure,

the income elasticity of emissions varies significantly in both magnitude and shape. Specifi-

cally, the EKC holds true for the entire period but, when shorter time frames are considered,

only materializes since 2010. In addition, the magnitude of the income elasticity calculated

with consumption-based emissions is higher than when a production-based measure is used.

These differences highlight the need to broaden the EKC analysis, which often relies on

production-based emissions measures, to include metrics that take into account external sec-

tor dynamics. In particular, our results suggest that using a production-based measure tends

to downwardly bias income elasticity in most cases. This is the case for both measures of

production-based emissions, but the measure that includes land-use emissions shows elastici-

ties with greater variability over time. We also find significant differences at the regional level

when different alternative emissions measures are employed. East Asia and the Pacific stands

out as having the highest income elasticity of production-based emissions, but Latin America

and the Caribbean has the highest income elasticity of consumption-based CO2 emissions.

Meanwhile, the highest income elasticity when measured using production-based emissions

including those from land use economic activities is observed in Europe and Central Asia.

The role of Latin America and the Caribbean in global emissions varies widely when

different emissions measures are used. When using production-based emissions as a baseline

measure, the region has a lower income elasticity than the global average. However, when we

adjust these emissions to account for external sector dynamics, the region’s income elasticity
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appears to be higher. Furthermore, in both cases we reject the existence of an EKC for

the region; rather, economic growth dynamics is always associated with higher emissions

in the region, in line with the findings of Seri and de Juan Fernández (2023). While both

income elasticities of emissions have decreased over time, the region has not yet succeeded

in decoupling emissions from growth. Additionally, we find no significant relationship between

growth and emissions over the full period when emissions from land-use changes are included.

Our results show that it is possible to shift the threshold at which the relationship between

economic growth and emissions reverses. In this sense, there is a wide range of policies that

could help to transition to the decoupling phase to an earlier stage of development. On the

energy side, investment in renewable energy stands out as a clear option. Our results, which

show that increasing the share of renewables in the energy mix has a significant negative

impact on CO2 emissions in all regions – in some places with considerable magnitude, as is

the case in Latin America and the Caribbean – support the potential of renewables to fight

climate change, in line with other work (Yuping et al., 2021; Kirikkaleli et al., 2022; Dong

et al., 2018).

Decoupling growth from emissions is urgently needed to comply with climate agreements

and slow climate change. Economic growth is compatible with emissions reductions, as our

findings show. Some regions, such as East Asia and the Pacific, have shown that this is

possible, with some countries in the region managing to leapfrog towards less emissions-

intensive development. The regions that are not yet on this path should prioritize moving to

the sustainable corridor shown in Appendix Figure A6. In other words, their long-term green

growth strategies must aim to achieve growth without increasing emissions. In this sense,

Latin American and Caribbean countries need to step up their efforts to decouple emissions

from growth, on both the production and trade spheres. Though, securing adequate financing

to achieve the same level of emission reductions as high-income economies presents a major

challenge for developing countries, and without it, they may struggle to implement effective

climate change policies and transition to more sustainable practices.

26



References

Adebayo, T. S., E. N. Udemba, Z. Ahmed, and D. Kirikkaleli (2021). Determinants of
consumption-based carbon emissions in Chile: An application of non-linear ARDL. Envi-
ronmental Science and Pollution Research 28(32), 43908–43922.

Al-mulali, U., C. F. Tang, and I. Ozturk (2015). Estimating the environment kuznets curve
hypothesis: Evidence from Latin America and the Caribbean countries. Renewable and
Sustainable Energy Reviews 50, 918–924.

Avenyo, E. K. and F. Tregenna (2022). Greening manufacturing: Technology intensity and
carbon dioxide emissions in developing countries. Applied Energy 324, 119726.

Balza, L., S. Castro Vargas, N. Gómez-Parra, R. Jimenez Mori, O. Manzano, and T. Sere-
brisky (2024). Does income growth in Latin America and the Caribbean drive dispropor-
tionate energy consumption? Inter-American Development Bank .

Bashir, M. F. (2022). Discovering the evolution of pollution haven hypothesis: A literature
review and future research agenda. Environmental Science and Pollution Research 29(32),
48210–48232.

Benthem, A. A. v. (2015). Energy leapfrogging. Journal of the Association of Environmental
and Resource Economists 2(1), 93–132.

Bhattarai, M. and M. Hammig (2001). Institutions and the environmental kuznets curve
for deforestation: A crosscountry analysis for Latin America, Africa and Asia. World
Development 29(6), 995–1010.

Brichetti, J. P., L. Mastronardi, M. E. Rivas, T. Serebrisky, and B. Solís (2021). La brecha de
infraestructura en América Latina y el Caribe: Estimación de las necesidades de inversión
hasta 2030 para progresar hacia el cumplimiento de los Objetivos de Desarrollo Sostenible.
Inter-American Development Bank.

Brown, S. P. A. and I. K. McDonough (2016). Using the environmental kuznets curve to
evaluate energy policy: Some practical considerations. Energy Policy 98, 453–458.

Cohen, G., J. T. Jalles, P. Loungani, and R. Marto (2018). The long-run decoupling of
emissions and output: Evidence from the largest emitters. Energy Policy 118, 58–68.

Cole, M. A., A. J. Rayner, and J. M. Bates (1997). The environmental kuznets curve: an
empirical analysis. Environment and Development Economics 2(4), 401–416.

Dasgupta, S., B. Laplante, H. Wang, and D. Wheeler (2002). Confronting the environmental
kuznets curve. Journal of Economic Perspectives 16(1), 147–168.

Dinda, S. (2004). Environmental kuznets curve hypothesis: A survey. Ecological Eco-
nomics 49(4), 431–455.

27



Dong, K., G. Hochman, Y. Zhang, R. Sun, H. Li, and H. Liao (2018). CO2 emissions,
economic and population growth, and renewable energy: Empirical evidence across regions.
Energy Economics 75, 180–192.

Friedlingstein, P., M. O’Sullivan, M. W. Jones, R. M. Andrew, L. Gregor, J. Hauck,
C. Le Quéré, I. T. Luijkx, A. Olsen, G. P. Peters, W. Peters, J. Pongratz, C. Schwing-
shackl, S. Sitch, J. G. Canadell, P. Ciais, R. B. Jackson, S. R. Alin, R. Alkama, A. Arneth,
V. K. Arora, N. R. Bates, M. Becker, N. Bellouin, H. C. Bittig, L. Bopp, F. Chevallier,
L. P. Chini, M. Cronin, W. Evans, S. Falk, R. A. Feely, T. Gasser, M. Gehlen, T. Gkritza-
lis, L. Gloege, G. Grassi, N. Gruber, Gürses, I. Harris, M. Hefner, R. A. Houghton,
G. C. Hurtt, Y. Iida, T. Ilyina, A. K. Jain, A. Jersild, K. Kadono, E. Kato, D. Kennedy,
K. Klein Goldewijk, J. Knauer, J. I. Korsbakken, P. Landschützer, N. Lefèvre, K. Lindsay,
J. Liu, Z. Liu, G. Marland, N. Mayot, M. J. McGrath, N. Metzl, N. M. Monacci, D. R.
Munro, S.-I. Nakaoka, Y. Niwa, K. O’Brien, T. Ono, P. I. Palmer, N. Pan, D. Pierrot,
K. Pocock, B. Poulter, L. Resplandy, E. Robertson, C. Rödenbeck, C. Rodriguez, T. M.
Rosan, J. Schwinger, R. Séférian, J. D. Shutler, I. Skjelvan, T. Steinhoff, Q. Sun, A. J.
Sutton, C. Sweeney, S. Takao, T. Tanhua, P. P. Tans, X. Tian, H. Tian, B. Tilbrook,
H. Tsujino, F. Tubiello, G. R. van der Werf, A. P. Walker, R. Wanninkhof, C. Whitehead,
A. Willstrand Wranne, R. Wright, W. Yuan, C. Yue, X. Yue, S. Zaehle, J. Zeng, and
B. Zheng (2022). Global carbon budget 2022. 14(11), 4811–4900.

Grossman, G. M. and A. B. Krueger (1991). Environmental impacts of a North American
Free Trade Agreement.

Hassan, T., H. Song, and D. Kirikkaleli (2022). International trade and consumption-based
carbon emissions: Evaluating the role of composite risk for RCEP economies. Environ-
mental Science and Pollution Research International 29(3), 3417–3437.

Hubacek, K., X. Chen, K. Feng, T. Wiedmann, and Y. Shan (2021). Evidence of decoupling
consumption-based CO2 emissions from economic growth. Advances in Applied Energy 4,
100074.

IDB and DDPLAC (2019). Getting to net-zero emissions: Lessons from Latin America and
the Caribbean. Inter-American Development Bank.

IPCC (2023). AR6 synthesis report: Climate change 2023. Technical report, Intergovern-
mental Panel on Climate Change.

Jardón, A., O. Kuik, and R. Tol (2017). Economic growth and carbon dioxide emissions: An
analysis of Latin America and the Caribbean. Atmósfera 30, 87–100.

Kijima, M., K. Nishide, and A. Ohyama (2010). Economic models for the environmental
kuznets curve: A survey. Journal of Economic Dynamics and Control 34(7), 1187–1201.

Kirikkaleli, D., H. Güngör, and T. S. Adebayo (2022). Consumption-based carbon emissions,
renewable energy consumption, financial development and economic growth in Chile. Busi-
ness Strategy and the Environment 31(3), 1123–1137.

28



Kirikkaleli, D. and M. O. Oyebanji (2022). Consumption-based carbon emissions, trade,
and globalization: an empirical study of Bolivia. Environmental Science and Pollution
Research 29(20), 29927–29937.

Koyck, L. M. (1954). Distributed Lags and Investment Analysis. North-Holland Publishing
Company.

Kuznets, S. (1955). Economic growth and income inequality. The American Economic
Review 45(1), 1–28.

Leal, P. H. and A. C. Marques (2022). The evolution of the environmental kuznets curve hy-
pothesis assessment: A literature review under a critical analysis perspective. Heliyon 8(11),
e11521.

Levinson, A. and M. S. Taylor (2008). Unmasking the pollution haven effect. International
Economic Review 49(1), 223–254.

Marcotullio, P. J. and N. B. Schulz (2007). Comparison of energy transitions in the United
States and developing and industrializing economies. World Development 35(10), 1650–
1683.

Meadows, D. H., D. L. Meadows, J. Randers, and W. W. Behrens (1972). The Limits to
Growth. Universe Books.

Mehmood Mirza, F., A. Sinha, J. Rehman Khan, O. A. Kalugina, and M. Wasif Zafar (2022).
Impact of energy efficiency on CO2 emissions: Empirical evidence from developing coun-
tries. Gondwana Research 106, 64–77.

Mohaddes, K. and M. H. Pesaran (2017). Oil prices and the global economy: Is it different
this time around? Energy Economics 65, 315–325.

Pablo-Romero, M. d. P. and J. De Jesús (2016). Economic growth and energy consumption:
The energy-environmental kuznets curve for Latin America and the Caribbean. Renewable
and Sustainable Energy Reviews 60, 1343–1350.

Panayotou, T. (1993). Empirical tests and policy analysis of environmental degradation at
different stages of economic development. ILO Working Paper 238, International Labour
Organization.

Poudel, B. N., K. P. Paudel, and K. Bhattarai (2009). Searching for an environmental kuznets
curve in carbon dioxide pollutant in Latin American countries. Journal of Agricultural and
Applied Economics 41(1), 13–27.

Sapkota, P. and U. Bastola (2017). Foreign direct investment, income, and environmental pol-
lution in developing countries: Panel data analysis of Latin America. Energy Economics 64,
206–212.

29



Sarkodie, S. A. and V. Strezov (2019). Effect of foreign direct investments, economic
development and energy consumption on greenhouse gas emissions in developing countries.
Science of The Total Environment 646, 862–871.

Seri, C. and A. de Juan Fernández (2023). CO2 emissions and income growth in Latin
America: long-term patterns and determinants. Environment, Development and Sustain-
ability 25(5), 4491–4524.

Sohag, K., M. Al Mamun, G. S. Uddin, and A. M. Ahmed (2017). Sectoral output, energy
use, and CO2 emission in middle-income countries. Environmental Science and Pollution
Research 24(10), 9754–9764.

Stern, D. I. (2004). Environmental kuznets curve. Encyclopedia of Energy , 517–525.

Stern, D. I. (2017). The environmental kuznets curve after 25 years. Journal of Bioeco-
nomics 19(1), 7–28.

Sánchez, L. and K. Caballero (2019). La curva de kuznets ambiental y su relación con el
cambio climático en América Latina y el Caribe: Un análisis de cointegración con panel,
1980-2015. Revista de Economía del Rosario 22(1), 101–142.

Tachega, M. A., X. Yao, Y. Liu, D. Ahmed, W. Ackaah, M. Gabir, and J. Gyimah (2021).
Income heterogeneity and the environmental kuznets curve turning points: Evidence from
Africa. Sustainability 13(10), 5634.

UNEP (2019). Global resources outlook 2019: Natural resources for the future we want.

World Bank (1992). World Development Report 1992. World Development Report. Oxford
University Press.

Yuping, L., M. Ramzan, L. Xincheng, M. Murshed, A. A. Awosusi, S. I. Bah, and T. S.
Adebayo (2021). Determinants of carbon emissions in Argentina: The roles of renewable
energy consumption and globalization. Energy Reports 7, 4747–4760.

Zheng, X., Y. Lu, C. Ma, J. Yuan, N. C. Stenseth, D. O. Hessen, H. Tian, D. Chen, Y. Chen,
and S. Zhang (2023). Greenhouse gas emissions from extractive industries in a globalized
era. Journal of Environmental Management 343, 118172.

30



Appendix

Table A1: Descriptive statistics

Variable Obs Mean Std. Dev. Min Max

CO2E 6,912 5.81 8.74 0.00 367.93

CCO2E 3,378 6.72 7.18 0.00 56.14

LUCO2E 6,912 7.38 8.87 0.00 367.96

GDP 6,010 12566.5 17149.4 154.45 114047.9

AGRIC 5,330 13.33 12.23 0.01 73.66

MANUF 4,983 14.49 6.37 0.00 49.88

SERV 5,076 50.60 12.17 8.15 94.15

RE 6,265 30.46 30.98 0.00 99.54

Notes: This table presents the number of observations, mean, standard deviation, maximum, and minimum for all variables, including

annual production-based CO2 emissions (CO2E), trade-adjusted consumption-based CO2 emissions (CCO2E), production-based

CO2 emissions including land use (LUCO2E), GDP per capita (GDP ), agricultural value added (AGRIC), manufacturing value

added (MANUF ), services value added (SERV ), and the percentage of renewable energy sources in the energy matrix (RE).
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Figure A1: Annual CO2 emissions per capita by region

Source: Authors’ own elaboration based on Global Carbon Budget data.
Notes: Production-based CO2 emissions exclude land-use change and forestry and waste. Consumption-based emissions adjust
production-based emissions to account for trade, meaning that emissions associated with the production of exported goods are
subtracted and those associated with the production of goods imported into the country are added. Regions: East Asia and
the Pacific (EAP), Europe and Central Asia (ECA), Latin America and the Caribbean (LAC), the Middle East and North Africa
(MENA), North America (NAR), South Asia (SA), and Sub-Saharan Africa (SSA).
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Figure A2: Brazilian Amazon deforestation

Source: Authors’ own elaboration based on PRODES data.
Notes: Data extracted from PRODES (Program for the Calculation of Deforestation in the Amazon), an official source of
deforestation statistics recognized by the Brazilian government. Calculations are made through the use of satellite image analysis.
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Figure A3: Annual energy-related CO2 emissions in Latin America and the Caribbean

Source: Authors’ own elaboration based on Climate Watch data.
Notes: Energy production-based CO2 emissions exclude land-use change and forestry and waste, agriculture, bunker fuels, and
industrial processes.
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Figure A4: Production-based and consumption-based CO2 emissions in Latin America and the
Caribbean by country
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Source: authors’ own elaboration based on Global Carbon Budget data.

Notes: Only LAC countries with available data for both measures of emissions are shown. Countries are listed alphabetically.

Production-based CO2 emissions do not include land use change and forestry and waste. Consumption-based emissions adjust

production-based emissions to account for trade. This means emissions associated with the production of exported goods are

subtracted, and those associated with the production of goods imported into the country are added.
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Figure A5: Long-run income elasticity with different types of FE

Notes: A quadratic relationship between ln(GDP) and ln(CO2E) is considered where significant. In those cases, the predicted
income elasticity is computed in the median value of ln(GDP). 90% and 95% confident intervals are displayed.
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Figure A6: △ CO2 emissions and △ GDP per capita by region between 1990 and 2020

Source: Authors’ own elaboration based on Global Carbon Budget and World Development Indicators data.
Notes: Each data point represents the percentage difference between a country’s per capita emissions and per capita GDP between
1990 and 2020. CO2 emissions are production-based and exclude land use change and forestry and waste. The presented regions
are Latin America and the Caribbean (LAC), Europe and Central Asia (ECA), East Asia and the Pacific (EAP), Middle East and
North Africa (MENA), North America (NAR), South Asia (SA), and sub-Saharan Africa (SSA).
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