~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Cho, Hyangsuk

Article
Impact of income inequality on carbon-intensive
extractivism

Cogent Economics & Finance

Provided in Cooperation with:
Taylor & Francis Group

Suggested Citation: Cho, Hyangsuk (2023) : Impact of income inequality on carbon-intensive
extractivism, Cogent Economics & Finance, ISSN 2332-2039, Taylor & Francis, Abingdon, Vol. 11, Iss.
2, pp. 1-20,

https://doi.org/10.1080/23322039.2023.2226482

This Version is available at:
https://hdl.handle.net/10419/304120

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

-. https://creativecommons.org/licenses/by/4.0/
Mitglied der
WWW.ECOMSTOR.EU K@M 3
. J . Leibniz-Gemeinschaft


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1080/23322039.2023.2226482%0A
https://hdl.handle.net/10419/304120
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

cxgent
economics

WELES  Cogent Economics & Finance

I55M 23311983

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/oaef20

©

Taylor & Francis

Taylor & Francis Group

Impact of income inequality on carbon-intensive
extractivism

Hyangsuk Cho

To cite this article: Hyangsuk Cho (2023) Impact of income inequality on carbon-
intensive extractivism, Cogent Economics & Finance, 11:2, 2226482, DOI:
10.1080/23322039.2023.2226482

To link to this article: https://doi.org/10.1080/23322039.2023.2226482

8 © 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

% Published online: 03 Jul 2023.

N
[:J/ Submit your article to this journal &

||I| Article views: 505

A
& View related articles &'

@ View Crossmark data (&

Eal Citing articles: 1 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallnformation?journalCode=oaef20


https://www.tandfonline.com/journals/oaef20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/23322039.2023.2226482
https://doi.org/10.1080/23322039.2023.2226482
https://www.tandfonline.com/action/authorSubmission?journalCode=oaef20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=oaef20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/23322039.2023.2226482?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/23322039.2023.2226482?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/23322039.2023.2226482&domain=pdf&date_stamp=03%20Jul%202023
http://crossmark.crossref.org/dialog/?doi=10.1080/23322039.2023.2226482&domain=pdf&date_stamp=03%20Jul%202023
https://www.tandfonline.com/doi/citedby/10.1080/23322039.2023.2226482?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/23322039.2023.2226482?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=oaef20

Cho, Cogent Economics & Finance (2023), 11: 2226482
https://doi.org/10.1080/23322039.2023.2226482

CrossMark

Received: 19 January 2023
Accepted: 14 June 2023

*Corresponding author: Hyangsuk
Cho, BK21 FOUR R&E Center for
Economics, Department of
Economics, Korea University, 145
Anam-ro, Seongbuk-gu, Seoul 02841
E-mail: hscho83@korea.ac.kr

Reviewing editor:

Caroline Elliott, Economics,
University of Warwick Faculty of
Social Sciences, UK

Additional information is available at
the end of the article

cogent--0a

<k* cogent

economics
& finance

GENERAL & APPLIED ECONOMICS | RESEARCH ARTICLE

Impact of income inequality on carbon-intensive

extractivism
Hyangsuk Cho®*

Abstract: In recent decades, lower emissions have been driven by structural
changes such as the shift from manufacturing to the service sector and investment
in energy efficiency. However, many developing countries extract fossil fuels from
the Earth’s surface, to export raw materials such as coal, oil, and natural gas in the
global market. “Extractivism” is a mode of economic growth currently practiced by
many developing countries. This way of economic growth can influence the income
distribution and composition of activities that contribute to environmental degra-
dation. Therefore, rent-seeking on fossil fuel export can lead to income inequality
and a carbon-intensive economy. The relationship between carbon intensity and
fossil fuel rent, which is the main concern of this paper, was first studied by
Friedrichs and Inderwildi (2013) using the concept of the carbon curse. This paper
follows similar model to carbon curse theory; however, it presents a new approach
by examining the augmented the carbon curse theory through the lens of income
inequality. Accordingly, this paper examines how extractivism affects the relation-
ship between income distribution and carbon intensity for 137 countries from 1990
to 2014. Our findings show that countries that are highly dependent on oil rents
have a higher degree of unequal income distribution and carbon-intensive devel-
opmental pathways. Additionally, there exists a unidirectional causality relationship
among oil rents, income inequality, and carbon intensity. Finally, the short-run
effect of oil fuel rents on income inequality typically continues in the long run but
the effects changes for carbon intensity.

Subjects: Sustainable Development; Environment & the Developing World; Development
Economics; Environmental Economics

Keywords: Carbon intensity; oil rents; income inequality; carbon-intensive way; carbon
curse

1. Introduction

Countries heavily dependent on natural resources often face challenges such as low economic
growth and higher income inequality. Income inequality can inefficient resource allocation due to
unproductive rent-seeking activities. In underdeveloped countries with abundant natural
resources, rent-seeking is often pursued by a small group of influential individuals who exploit
the resources at low prices and sell them at high prices. Numerous studies have highlighted the
link between natural resource abundance, rent-seeking, and income inequality, demonstrating
that resource-rich countries tend to experience greater income inequality (Bergner, 2016; Fum &
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Hodler, 2010; Goderis & Malone, 2011; Gylfason & Zoega, 2003; Leamer et al., 1999; Parcero &
Papyrakis, 2016; Ross, 2007).

According to the World Bank (2017a), Middle Eastern and North African (MENA) countries exhibit
high income inequality, with Gini indices above 30 and coefficients surpassing 40 in Djibouti and
Qatar. Additionally, MENA countries such as Saudi Arabia, Iran, and Iraq not only produced the
highest average amount of oil in 2017 (Dudley, 2018), but also received over 30% of the average
share of oil rents (% of GDP) from 1980 to 2014 (World Bank, 2018). As a result, natural resource-
dependent countries, particularly those extracting fossil fuel rents, can generate higher CO,
emissions (Gavenas et al., 2015; Griffiths, 2017; Johnsson et al., 2019; Kwakwa et al., 2019; Zhu
et al, 2014). This phenomenon, known as “extractivism,” refers to the extraction of natural
resources for raw material exportation in the global market. Many developing countries, including
MENA countries, practice extractivism to facilitate economic growth. For example, Kuwait’s
National Communications reports (UNFCCC, 2012) published by the United Nations Framework
Convention on Climate Change (UNFCCC) highlight how oil and gas activities dominate energy
transformation in Kuwait, leading to significant fugitive emissions.? Greenhouse gas (GHG) emis-
sions from oil and gas extraction in Kuwait accounted for nearly 16% of total emissions in 1994,
with fugitive emissions contributing around 6% of all GHG emissions. Similarly, Saudi Arabia’s
report (UNFCCC, 2016) states that the oil industry has promoted economic development through
activities involving extraction, manufacturing, transportation, and distribution. Iran’s agricultural
sector has been found to have a GHG emission intensity (per Rial production) of 0.134 million tons,
higher than the emission intensity of the rest of the economy, which amounts to 0.089 million tons
of CO, per thousand billion Rials of production.

In this context, several studies have investigated the relationship between natural resource rent
and carbon emissions. Gavenas et al. (2015) examined the CO, emissions per unit of energy
consumption from oil and gas extraction, as well as oil and gas reserves in Norway. Their findings
revealed two key insights. Firstly, as oil and gas extraction decreases, the emission intensity per
unit of extraction increases. Secondly, oil extraction exhibits higher emission intensity compared to
gas extraction. Griffiths (2017) emphasized that resource-rich countries in the Middle East and
North Africa (MENA), particularly those reliant on oil and gas, have experienced a significant
increase in carbon intensity due to their high-income levels and dependence on energy-intensive
industries for economic growth. Similarly, according to Johnsson et al. (2019), countries with
substantial domestic fossil fuel reserves have witnessed a notable surge in primary energy derived
from fossil fuels, with no corresponding increase in renewable energy sources. Kwakwa et al.
(2019) conducted an analysis of the long-term environmental effects of natural resource extrac-
tion in Ghana. Their results indicated that income, urbanization, and natural resource extraction
contribute to the rise in carbon emissions and energy consumption. Examining the effects of
natural resource rent on carbon emissions while considering the environmental Kuznets curve
(EKC) hypothesis, Wang, Zhang, et al. (2023) found that natural resource rents lead to increased
carbon emissions across 208 countries.

Friedrichs and Inderwildi (2013) highlighted that oil extraction is associated with higher CO,
emissions, particularly in countries abundant in fossil fuels. They introduced the concept of the
“carbon curse theory,” which posits that fossil fuel-rich countries tend to follow more carbon-
intensive developmental paths compared to those with limited fossil fuel resources. While the
resource curse theory focuses on the negative consequences of resource abundance, the carbon
curse theory extends this concept to address the environmental implications of economic growth.
It argues that fossil fuel-rich countries exhibit higher carbon intensity. However, it is important to
note that the carbon curse theory does not universally apply to all countries abundant in fossil
fuels.

According to a report on CO, emissions from fuel combustion published by the International
Energy Agency (IEA, 2017), the fugitive sector accounted for a significant proportion of emissions
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Figure 1. Flaring intensity in top
30 flaring countries from 2013
to 2017 (Global Gas Flaring
Reduction Partnership). The
values were ranked by 2017
flaring volume. The unit is cubic
meters gas flared per barrel of
oil produced. Global average
intensity was 4.8 m3/bbl in
2017.

in fossil fuel-abundant countries. In 2014, the fugitive sector contributed to 69.3% of emissions in
the Russian Federation, 34.7% in the United States, 27.6% in Irag, and 24.6% in Iran. These
countries possess a substantial share of the world’s fugitive emissions. However, countries like
Canada and Norway, despite their abundance of fossil fuels, do not generate significant CO,
emissions through extractivism. This is because their economic structures are not heavily reliant
on revenue from fossil fuel extraction. Recent research shows that income inequality plays a major
role in this phenomenon, and its impact differs by income group (Li et al., 2021). Wang, Yang, et al.
(2023) demonstrate that income inequality is a key factor in changing the relationship between
economic growth and carbon emissions from an inverted U-shaped curve to an N-shaped curve.
This means that as income inequality increases, the effect of economic growth on carbon emis-
sions shifts from inhibiting the reduction of carbon emissions to promoting their increase. This
phenomenon is particularly pronounced in high-income countries. In a similar vein, Wang, Wang,
et al. (2023) suggest that rich countries are more supportive of achieving carbon neutrality, while
poor countries do not experience the same benefits in terms of trade openness.

Although many previous studies have examined the determinants of carbon emissions and
economic growth in relation to environmental issues, there has been limited research conducted
on estimating the effect of natural resources on the relationship between income inequality and
the carbon intensity of GDP. Therefore, this paper aims to examine this relationship by focusing on
the impact of fossil fuel abundance on the carbon-intensive developmental path.

The approach taken in this paper is similar to that of Friedrichs and Inderwildi (2013), but it
presents a novel perspective by combining the augmented carbon curse theory with income
inequality. Additionally, this paper empirically estimates the influence of the relationship between
oil rents and income inequality on the carbon emissions of the economic output, considering
different income levels. Therefore, CO, emissions can be linked to income inequality in oil-
producing countries, as various economic activities contribute to the emission of CO,.

2. Concept of extractivism

Under extractive political institutions, power is concentrated within a narrow group of elites who
exploit resources from the rest of society (Robinson & Acemoglu, 2012). As a result, countries
heavily reliant on fossil fuel production often experience poverty, corruption, and environmental
pollution (Ebegbulem et al., 2013; World Bank, 2011). Despite the wealth generated from the sale
of fossil fuels, these countries face significant income inequality and environmental degradation.
In particular, the extraction of fossil fuels leads to the release of harmful emissions, such as flaring
and gas emissions, contributing to air pollution. Figure 1 illustrates the flaring intensity for the top
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30 flaring countries between 2013 and 2017. Moreover, these countries exhibit higher Gini coeffi-
cients compared to others.?

Fossil fuels are non-renewable energy resources formed through the high heat and pressure
acting on the remains of animals or plants buried underground. The primary types of fossil fuels
include coal, oil, and natural gas. Accordingly, fossil fuel rent encompasses coal rents, oil rents, and
natural gas rents. Fossil fuel rents are defined as the difference between the global market value of
coal, oil, and natural gas and the total costs associated with their production (World Bank, 2011).
In the field of environmental and natural resource economics, rent refers to the marginal user
cost, representing the present value of foregone opportunities when resources are scarce
(Tietenberg & Lewis, 2018). Thus, fossil fuel rent can be viewed as a form of royalty, where the
marginal user cost of fossil fuel equals the price of the fossil fuel minus the marginal extraction
cost (Daly & Farley, 2011).

3. Theoretical model

The model proposes the validity for modified carbon curse theory which shows income inequality
contribute to drive the higher carbon intensity in countries with higher dependence on fuel rents.
To provide the analytical framework for the relationship fossil fuel resources, income inequality
and carbon intensity, the model modified Smulder’s environmental endogenous growth model
(1999).

Let R be an index of total natural resources as a proxy for environmental quality, and the model
assumes an accumulation process of natural resources two different flows. First, a stock of natural
resource regenerates itself by exponential growth at an intrinsic rate §, where § > 0 is the growth
rate of the renewable resources. Second, the stock of natural resource is depleted gradually by the
aggregate extraction rate e which involves any economic activity that destroyed resources (i.e.

fossil fuel resources) from nature. The extraction rate can be get e(t) = Z,Nzl ei(t) = Ne;(t).
Combining the two flows, we obtain the law of motion for total natural resources R(t), as

R(t) = 6R(t) — e(t)Kg(t) (1)

where is the e(t)Kg(t) represent the extraction of natural resources which destroyed environment’s
absorption capacity, thus, this term means non-renewable natural resources.

Consider the following Cobb-Douglas production function describing a closed and competitive
economy with two state variables. Each firm produces output Y; = K;‘,,.(e,-KR,-)l"’RVQ and aggregating
over firms to take the form as follows

Y(t) = Ky(t) (e(t)Kr(t)' “R(t)Q,0 < & < 1 (2)

where K, and K are the stock of physical capital and utilized (destroyed or harvested) natural
resource, respectively. Aggregate stock of natural resources R follows decreasing returns to scale
when the physical and natural capital accumulation increases in production process, and y
determinants the weight of positive external effect. R is equal Kz because this economy assume
that aggregate output is produced from non-renewable natural resources such that R” = K. This
reflects a positive externality from extracted and used in non-renewable resources. Q represents
productive externalities by individual firms which is defined average level of the physical capital
stock Ky:

Q _ AK—ylfa (3)
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In the symmetric equilibrium, K, = K, so that all firm’s actions are the same. Therefore, we
rewrite the production function are given by Y = AK,e!~*K} *"and we obtain, r = aAel 2Ky “'
and p = (1 — a)Ae' Ky “V7K,.

The economy is populated by many identical and infinitely-lived households and population is
denoted by N. The utility function for representative household’s consumption C is

o 1-0
uc(t)) = (J) C(tiia_le’”tdt (4)

where ¢ is the elasticity of substitution in consumption, for ¢ > 0 and ¢ # 1, and p is the subjective
discount rate, p € (0,1).The stock of physical capital constraint faced by the representative house-
hold is Ky = AKyelf"K;‘“” — C. For the simplicity in calculation, the physical capital accumulation
is assumed to be no depreciation in the model.

The utility function of households i that depends on individual consumption and the budget
constraint on the physical capital accumulation are

Gty -1

——etdt (5)

Uit = |

[(y,' = I’kyi -+ ka,' —Cj (6)

In this economy, individual households faced control over her consumption and capital alloca-
tion. The current value Hamiltonian for optimization problem is

clo-1
Ifg + ’1ky [rky,- + ka,' — C,'] + AR [(3R — ekR,‘} (7)

H=—

At the steady state level, the growth rate grows along a balanced growth path at the same
rate, which leads to ¢;/¢; = kyi/k,; and Zky/ﬂky = —(;/c;. The growth rate 5 is r — p. Then, we can

note that p=wkK,, setting =Ael Ky *" and ¢ = [(PJFCU%kRi)]kyi where denote by

3 :Ty/kyi, the ratio of average capital to the capital owned by individual household i or the
relative physical capital in generating the aggregate physical capital of the economy.
Therefore, ¥; determine the income inequality path of this economy.

Ci = pkyi + oKy kpi = (p + wBikgi)Kyi (8)

Under the symmetric equilibrium condition R” = Kz and K, =K, that can be change to the
aggregate level, and we can drive that there exists a relationship between the income inequality
and natural resources dependence on extraction rate extraction rate e

Ak l/a 1 K 1/(1
e= <—y> (A(1 — a)K"™) o (a—Rkyi +(1- a)Eikyi) 9)
Ak Kri
The extraction rate depends on the ratio 3; and the utilized natural resources. The ratio %; can
be seen as the extraction rate relevant income inequality in this economy. In fact, the higher
income inequality, and the biggest dependence on destroyed natural capital, the higher extraction
rate.
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To derive a balanced growth path, the variable Q transformed consumption per unit of physical
capital, Q=C/Ky, and re-express aggregate equilibrium conditions as the following the optimal
growth path of the economy using three differential equations:

Q _ aAel"’K,l{“H -

had 1-apl-aty

R — Ae' KT+ Q (10)
Ke 1 1-apl-aty

Ko = o (AL - @e' K Q+0 (11)
R =5R — eKg (12)

Assume that the economy is in a steady state balanced growth equilibrium (Q*, K}, R*) that

satisfy the condition Q = K:RR = 0. It is possible to derive the steady states level for resource
utilization, K; along a unique balance growth path. This in turn leads to the steady of Q*, to be
determined, as both are function of Kj.

5 1/1 a+y

* 00 — p -

Ko = LerH(a — 1)} (13)
Q =Al-a)el (K T 45 (14)
R = G%:’R (15)

If the economy is on a balanced growth path, we have to impose
60— 14 1—a (px\1-atr
9=-—3 = ahe' " (K}) -5 (16)

eKg represents the scale effect of production on utilized natural resources, thus, the growth rate
of a balanced growth path is positively related to the steady-state level of utilized natural
resources. That is, higher destroyed natural resources will raise with a higher extraction rate,
economic growth through physical capital accelerates.

4. Data

The study utilized a panel data set consisting of 137 countries, which were divided into three
income groups®: 44 high-income countries, 41 middle-income countries, and 52 low-income
countries. The data covered the period from 1980 to 2014. Table 1 provides descriptions of the
variables used in the study and presents summary statistics.”

The dependent variable in the analysis is CO, emissions per GDP, which measures carbon intensity.
Carbon intensity represents the rate of CO, emissions in relation to the intensity of economic activity. It
captures variations in fuel consumption patterns across different industrial sectors. It is important to
control for economic levels because carbon emissions are closely linked to the scale of economic
activity. Therefore, CO, emissions per GDP indicates the economic production value associated with
each country’s CO, emissions. A lower carbon intensity value signifies lower CO, emissions relative to
the size of the economy, indicating greater energy efficiency. In general, high-income countries tend
to exhibit improved energy productivity, resulting in lower carbon intensity in their GDP (Fankhauser &
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Table 1. Data description and summary statistics

Variables Explanation Obs. Mean Std. Dev. Min Max

CI Carbon 4,542 0.560 0.542 0.008 4.639
intensity

(Unit: kg per
2010 USS of
GDP)

GINI Index of 3,644 38.426 8.977 18.300 61.541
income
inequality

(Range from
0 to 100)

RENT Oil rents 4,617 3.853 9.416 0.000 64.173

(Unit: % of
GDP)

Jotzo, 2018). On the other hand, low-income countries often have lower carbon intensity due to their
lower level of economic activity compared to other income groups. This is because many individuals in
low-income countries lack access to electricity or fossil fuels (Pachauri et al, 2013). Additionally,
middle-income countries with abundant fossil fuel resources and high economic growth rates typically
display higher carbon intensity compared to other income groups (Manley et al., 2017).

5. Empirical strategies

In this paper, we augment the carbon curse theory by exploring the causal relationships among
variables related to income groups. Our goal is to understand the role that an economy dependent
on fossil fuel rents may play in shaping income inequality and carbon intensity levels across
countries.

5.1. Panel Granger causality

The panel Granger causality investigates the causal relationship between the variables in a time
series. Granger causality was developed by Granger (1969) to analyze the causal relationship
between time series data. To determine the panel Granger causality, we consider a panel VAR
model. This empirical study explores the relationships among carbon intensity, income inequality,
and oil-dependency of countries. We consider a panel VAR with ordered panel-specific fixed
effects, represented by the following linear equation:

Yie = A1Yie_1 +A2Yiea + - + As_1Yie—s1 + AsYie_s + BXit + Ui + €t (7)

where i =1,...N denotes the country, t = 1,..., T denotes the time period; Y;; is a (k x 1) vector of
endogenous variables; X is a (I x 1) vector of exogenous variables; u; and e;; are (k x 1) vectors of
country-specific fixed effect and error terms, which are uncorrelated with the explanatory vari-
ables of all past. A; has the (k x k) matrices and the parameter B is to be estimated using the
(k x ) matrix. The model assumes that E[e;] = 0, E[e},ez] = = and E[e}ej,]| = O for all t>p.

The model under consideration can be expression as a lagged order panel VAR model:

p q
Yie = ai + X AsYir_s + X BsXit_s + €t (18)
0

s=1 s'=|

where ¢; is a (k x 1) vector of intercepts. It is important that the panel VAR model draws mean-
ingful information contained within the estimate, instead of an interest in the coefficient estimate
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itself. Therefore, Granger causality test helps us to judge the causal relationship between endo-
genous variables.

The data stability of each variable is first checked using the panel unit root test. Further, we
consider the Granger causality among oil rents, income inequality, and carbon intensity, by income
group. If necessary, we conduct a panel cointegration test to confirm the long-term stable
relationship between the three variables. If the data are stationary, the test is performed using
the level values of variables. However, if the variables are non-stationary, the test is performed
using first differences. The panel Granger causality is shown in the following model:

AlnCl it P
AINGINI; | = { b,
AINRENT; 3

1
, ]ECT,-” +
3

p |Pus Pras Pus || AlnClis T Usit
+ X | Paas Pas Pazs | | AINGINI;_s | + | £ Usit (19)
s=1| B31s Paas Pazs ] [ AINRENT T Usit

This can be used to test whether the independent variables affect the dependent ones. The null
hypothesis is given as follows:

Ho (P = 0 (20)
Ho:p13=0 (21)
Ho:p1, =0,p13=0 (22)

If Ho is rejected, it can be concluded that causality between GINI; to CI; exists in
Equation 24. Furthermore, if Hy is rejected, causality between RENT; to CI; exists in
Equation 24. The null hypothesis in Equation 24 shows whether GINI; and RENT; are causally
correlated to CI;. The variables are interchanged to test for causality in the other direction.
Therefore, the basic idea of Granger causality is that a Granger variable X causes Y, if past
values of X can explain Y.

5.2. Panel error correction model

If the data have a unit root, the time series are non-stationary. Thus, we estimate the model using
the panel error correction model (PECM). The unit root test of panel data for N countries and T
periods can be represented as follows:

AY,'t:(l,‘+(/);—1)Y,‘t,1+€,‘t.i:1,27...7N, t:172,4..,T (23)

where Y denotes carbon intensity or other explanatory variables and e;; is the error term. The null
hypothesis states that, if Hp : (p; — 1) = 7; = 0, then the null hypothesis is rejected, and the series is
considered stationary.

If the null hypothesis of the unit root is not rejected, the variables are non-stationary. Thus, we
test the cointegration relationship, which indicates that two or more dependent variables are
related in the long run. The equation can be expressed as follows:

p p
ACTy = pi + ai(Clie—1 — piXie1) + X aACLij + X 7Aiej + et (24)
=1 =1

where g; is the cointegration vector and «; determines the speed at which the system readjusts its
equilibrium relationship with the error correction term (CI;; 1 — ;Xit_1) after experiencing a sudden
shock. If g; is less than 0, the cointegration relationship exists, whereas the relationship does not
establish when q; is equal to 0 (Persyn & Westerlund, 2008). Additionally, a long-run relationship
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exists when the error term is stationary, although the dependent and independent variables are
non-stationary. Z}’Zl 7jAXir_j indicates the short-term effect of independent variables on carbon
intensity.

6. Results

6.1. Carbon intensity trajectory

Figure 2 visually presents the carbon intensity trajectory for each income group. The y-axis
represents the annual growth rate of carbon intensity from 1996 to 2014,> while the x-axis
represents the log of the average Gini coefficient during the same period. In each figure, the
colored circles indicate a higher share of oil rents as a percentage of GDP, with larger circles
indicating greater dependence on oil rents. Following the categorization by Friedrichs and
Inderwildi (2013), the countries in Figure 2 are divided into three categories: emissions intensifica-
tion (red), emissions increase (yellow), and emissions reduction (green). However, this study
redefines the graph by examining the change in carbon intensity caused by income inequality.

The red-shaded areas represent countries that have experienced the intensification of carbon
intensity under high levels of income inequality, which can be associated with a greater share of oil
rents in the economy. This pattern is particularly noticeable among high-income countries with
a high dependency on oil rents. Countries with lower levels of oil rents are located in the lower left
area of the graph, while countries highly dependent on oil rents, such as Oman, Saudi Arabia, and
the UAE, have higher levels of income inequality and follow more carbon-intensive pathways due
to the concentration of wealth in the hands of a few.

The yellow-shaded areas depict countries that have managed to reduce their carbon intensity,
but their absolute carbon emissions are still increasing under high income inequality. These
countries include China, Qatar, Russia, the US, and other oil-rich nations.

The green-shaded areas represent countries that have achieved high decarbonization alongside
low levels of income inequality. This phenomenon can be attributed to two factors. First, these
countries have made significant improvements in energy efficiency, leading to cleaner production
processes. Additionally, they already had well-developed economies, which allowed them to raise
living standards through economic growth and reduce income inequality. When wealth distribution
becomes more equitable, it becomes easier to invest in carbon emission reduction. This trend is
particularly prominent in European countries with strong environmental regulations. Second,
countries undergoing economic reform, such as the EIT countries,® exhibit a hockey-stick curve
trend (Huang et al,, 2008). Initially, they experience a rapid increase in emissions due to oil
consumption for economic development. However, they are now making efforts to reduce their
emissions by increasing the production and consumption of renewable energy.” These countries
have experienced fluctuations in emissions, with a quick fall followed by a rebound, which has led
to economic instability. Additionally, the increase in emissions has dampened energy supply and
availability, resulting in low levels of economic growth. Furthermore, these countries tend to have
lower income inequality because they have not completely abandoned their socialist regimes.

In Figure 2(a), which focuses on high-income countries, it is evident that most of them have
managed to decarbonize under lower levels of income inequality. These countries, with the
exception of Norway, are not heavily dependent on oil rents. Norway, being a developed economy
with access to advanced technology, shows a positive annual growth rate for carbon intensity
amounting to 0.022%, despite its low Gini coefficient. The countries rich in oil and high in oil rents
are located in the lower left area of the graph, indicating a higher level of emissions resulting from
oil extraction. Certain high-income countries such as the UAE, Oman, and Saudi Arabia follow
a different pathway, experiencing a quicker increase in carbon intensity under higher levels of
income inequality and high oil rents.
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Figure 2(b) presents the data for middle-income countries. Countries with higher income
inequality also exhibit a high annual growth rate of carbon intensity. At this income level, most
countries are rich in oil rents and fall into the yellow-shaded areas, indicating that their absolute
CO2 emissions are increasing as they prioritize economic growth for national development. The
economic structures of countries such as Iran, Irag, and Turkmenistan heavily rely on the oil
production and extraction industry, which leads to high emissions and higher income inequality.

Figure 2(c) shows the results for low-income countries. In these countries, the annual growth
rate of carbon intensity has been increasing, and the Gini coefficient is concentrated in the range
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of 3.6-3.8. Low-income countries with a high dependence on oil rents are mostly concentrated in
the red- and yellow-shaded areas, indicating that oil availability and extraction for economic
development have not translated into energy efficiency in these economies.

Appendix Figure 411 provides the combined graph for all income groups. The graphs suggest the
dependence of oil rents may contribute to the high levels of carbon intensity in countries facing
unequal income distribution.

6.2. Panel unit root test and panel cointegration test

Before estimating the PECM, we conducted panel unit root tests to examine the time series
properties of the variables. We employed three types of panel unit root tests: IPS, Fisher ADF,
and Fisher PP tests (Im et al., 2003; Maddala & Wu, 1999). These tests are crucial as non-stationary
variables (those possessing a unit root) can lead to spurious regression results when analyzing
fixed effects among countries (Dickey et al., 1986; Newbold & Granger, 1974). To address this issue,
we further examined the existence of a cointegration relationship between carbon intensity and
the dependent variables. If the variables were found to be cointegrated, we proceeded with the
estimation of the error correction model.

Table 2 displays the results of the panel unit root tests for each income group. In the high-
income group, the series of logarithmic CI (carbon intensity) appeared to have a unit root, but all
series became stationary when differenced once. For the upper middle-income group, both loga-
rithmic CI and GINI showed evidence of a unit root, but became stationary when differenced once.
The GINI coefficient was non-stationary at all levels, but stationary at the first difference for the
upper middle- and low-income groups.

The panel vector error correction model (VECM) is utilized to analyze the long-run relationships
between the variables, while the panel vector autoregression (VAR) is employed when cointegra-
tion is absent. To determine the presence of cointegration, we conducted unit root tests on the
variables, which confirmed that all income groups exhibited stationarity in I(1).

We further examined the panel cointegration relationship between carbon intensity, income
inequality, and oil rents using the Pedroni tests.® Table 3 presents the results of these tests. Under
the null hypothesis of no cointegration in non-stationary heterogeneous panels Hy =y; = 1, the
test statistics are distributed (0, 1) and tend to diverge into negative infinity panels (Neal, 2014). In
this study, we employed the Panel ADF and PP cointegration tests. The results of the Pedroni test
indicate the presence of panel cointegration at a significance level of 1% for all income groups.

6.3. Panel Granger causality

The panel Granger causality test was conducted to determine the direction of the causal relation-
ship between carbon intensity and its determinants. Before conducting the test, the stability
condition was assessed by calculating the absolute values of each eigenvalue of the estimated
model. The lag length selection criteria used was Schwarz’s information criterion (SIC), with
a maximum lag of 1 considered for all estimated models. The stability condition is satisfied
when all absolute values in the companion matrix are strictly less than 1 (Hamilton, 2020;
Litkepohl, 2005).

The results of the Granger causality test are presented in Table 4, and Figure 3 provides
a summary of the Granger causality relationships. For high-income countries, panel causal rela-
tionships were found between income inequality, carbon intensity, and oil rents. These relation-
ships were bilateral, indicating a Granger causality relationship [oil rents » income inequality -
carbon intensity]. Similarly, for middle-income countries, a bidirectional causal relationship was
observed between oil rents and income inequality, leading to a Granger causality relationship [oil
rents » income inequality -» carbon intensity]l. In the case of low-income countries, a bilateral
causal relationship existed between income inequality and carbon intensity, and a one-way
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Table 2. Results of panel unit root test

High Middle Low

Level First Diff. Level First Diff. Level First Diff.
a) IPS test
InCI 3.92 —25.25%** 0.70 —24.71%** —-3.88*** -28.96***
GINI -1.81** —7.93%* 1.83 —3.447 0.86 —4.46%
RENT —11.75%** —21.83*** —6.94** —24.51%** —4.91** —-20.29***
b) Fisher ADF test
InCI 55.20 596.58*** 69.36 582.20*** 131.74** 703.93***
GINI 82.45** 108.33*** 109.67*** 95.70*** 126.31%** 124.91*
RENT 287.03*** 532.23*** 150.32*** 575.95%* 156.29*** 455.14%**
¢) Fisher PP test
InCI 76.16 711.06*** 86.03** 717.15%* 146.77%* 801.31***
GINI 72.57 203.72*** 48.56 101.70*** 74.73 131.97***
RENT 331.00%** 959.36*** 175.62%** 766.05*** 181.21** 648.20%**
Notes: Optimal lag length selection based on SIC. *, **, *** indicate statistical significance at the 1%, 5%, 10% level,
respectively.

Table 3. Results of panel cointegration test

High Middle Low
Panel PP-statistic -0.389 -5.804*** —3.650***
Panel ADF-statistic -0.001 -5.090*** —-5.268***
Group PP-statistic —1.844%* -11.709*** —4,155%**
Group ADF-statistic -1.348* —6.738*** =5.779***

Notes: Null hypothesis is no cointegration.

causality was identified [oil rents -» income inequality - carbon intensity], with oil rents directly
affecting carbon intensity.

The results of the causal relationships support the hypotheses presented in this study and align
with the evidence of the carbon trajectory. Based on the Granger causality relationships, the
empirical findings suggest that variations in the share of oil rents in GDP influence the level of
income inequality, which, in turn, impacts the carbon intensity of GDP for all income groups.

6.4. Panel error correction model

Given the evidence of panel cointegration, the long-run relationships among carbon intensity,
income inequality, and fossil fuel rents can be further estimated by applying the Pedroni test.
Additionally, the Granger causality is useful in identifying the cause-effect relationship with con-
stant conjunctions. However, it is limited to the illustration of significant correlations between
variables. Therefore, we estimate the model using the PECM to provide the relationship among
carbon intensity, income inequality, and oil rents by estimating short- and long-run effects.

According to the empirical results, variables of lagged first-difference and lagged variables imply
short-term and a long-term effects on the dependent variable. The interpretation of the coeffi-
cients in the PECM is based on the sign of the Granger causality, which indicates the presence of
endogenous variables (Greene, 2003). The results are summarized in Tables 5-7. The PECM
estimation indicates the correlation between the three variables by estimated models.
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Table 4. Results of Granger causality test by income group

Dependent | Independent Granger
Group var. var. X2 P-value causality
HIC InCI GINI 4.909 0.027** Oil Rents
RENT 0347 0.556 v
Income
All 5.291 0.071* Inequality
GINI InCI 5.334 0.021** v
Carbon
OIL_RT 3.728 0.054* Intensity
All 6.322 0.042**
RENT InCI 0.739 0.390
GINI 3.927 0.048**
All 5.235 0.073*
MIC InCI GINI 14.152 0.000*** Oil Rents
RENT 1.256 0.262 v
Income
All 29.222 0.000*** Inequality
GINI InCI 0.701 0.403 v
Carbon
RENT 2.941 0.086* Intensity
All 3.439 0.179
RENT InCI 8.917 0.003***
GINI 11.033 0.001***
All 12.271 0.002***
LIC InCI GINI 4,110 0.043** Oil Rents
RENT 13.418 0.000* v
Income
All 13.919 0.001* Inequality
GINI CI 1.378 0.240* v
Carbon
RENT 21.855 0.000*** Intensity
All 22.701 0.000***
RENT InCI 1.405 0.236
GINI 1.589 0.207
All 1.782 0.410
Notes: * ™ ™ indicate statistical significance at the 1%, 5%, 10% level, respectively.

The results for high-income countries are presented in Table 5. The impact of income inequality
on carbon intensity is positive in the short run and changes to negative in the long run. The oil
rents are positively related to income inequality in the short run. The results also provide the error
correction terms, which are significantly negative across all models. The variable of the error
correction term determines the speed at which a dependent variable returns to equilibrium after
the independent variables’ changes. If the coefficient of error correction term is significantly
negative, we expect the dependent variable to respond significantly to the negative deviation
from the long-run relationship.

The results for the middle-income countries are presented in Table 6. The results show that the
impact of income inequality on carbon intensity is negative in the short run and changes to
positive in the long run; however, it is insignificant. The oil rents are positively related to income
inequality in the short run, whereas the carbon intensity has a negative impact on income inequal-
ity. The error correction terms have a significantly negative effect in each model.

Table 7 displays the results of the low-income countries. The income inequality is negatively
related to carbon intensity in the short run. The oil rents, as a share of GDP, have a positive effect in
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the long run. The income inequality and oil rents have a positive impact on each other in the long
run. The error correction terms are significantly negative across all models.

The estimation of the PECM yields several noteworthy results. Firstly, the findings indicate
a significantly positive relationship between income inequality and oil rent across all income
groups. Oil rents contribute to an increase in income inequality within a country. However, this
effect diminishes in the short run as the share of oil rents in GDP increases, particularly for high-
and middle-income countries. Conversely, in low-income countries, the short-run impact of oil
rents is negligible, but their effects become apparent over time. These findings suggest that
economies heavily reliant on oil rents can have a detrimental effect on income distribution,
especially when the share of oil rents in GDP rises. Low-income countries are particularly vulner-
able to this effect.

Secondly, the impact of income inequality on carbon intensity varies depending on the income
level. Initially, an increase in income inequality leads to higher carbon intensity, indicating
a positive relationship. However, as economic growth is achieved, income inequality gradually
contributes to a reduction in carbon emission levels in high-income countries. In contrast, middle-
and low-income countries exhibit an inverse effect, suggesting that income inequality leads to
increased carbon emissions in these income groups.

7. Conclusion

This study aims to investigate the relationship between extractivism, income inequality, and
carbon intensity across 134 countries. The research model in this article is closely aligned with
the framework proposed by Friedrichs and Inderwildi (2013), but it introduces a novel aspect by
incorporating income inequality into the augmented carbon curse theory. The primary objective of
the study is to examine how the interplay between fossil fuel endowment and income inequality
affects carbon emissions in a country’s economic output, taking into account different income
levels. Given that CO, emissions are influenced by various factors related to economic activities,
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Table 5. Panel error correction model for high-income countries

(1) (2) (3)
VARIABLES AlnCI AGINI ARENT
Short run
AlnCI(-1) -0.059** -0.247 0311
(0.027) (0.843) (0.619)
AGINI(-1) 0.002** -0.150*** -0.028
(0.001) (0.025) (0.019)
ARENT(-1) 0.001 0.062* 0.098***
(0.001) (0.032) (0.023)
Long run
(nCI(-1) -0.064"" £ -0.481 0211
(0.009) (0.299) (0.220)
GINI(-1) -0.002*** -0.182"" 0.008
(0.0005) (0.032) (0.023)
RENT (-1) 0.002** -0.026 -0.4397 F
(0.001) (0.031) (0.023)
Constant -0.027** 4.652%** 1.708***
(0.013) (0.407) (0.299)
Observations 1,452 1,452 1,452
Number of countries 44 44 444

Notes: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. E refers to error correction term.

Table 6. Panel error correction model for middle-income countries

(1) (2) (3)
VARIABLES AlnCI AGINI ARENT
Short run
AlnCI(-1) —-0.255%** —4.802+** -0.260
(0.044) (0.989) (0.518)
AGINI(-1) —0.001*** -0.138*** -0.011
(0.0003) (0.033) (0.014)
ARENT(-1) -0.002 0.027** -0.015
(0.002) (0.013) (0.027)
Long run
(nCI(-1) -0.188"" £ -2.336% 0.727**
(0.066) (0.759) (0.346)
GINI(-1) 0.084 -0.168"" F 0.0158**
(0.004) (0.017) (0.007)
RENT (-1) -0.001 -0.004 -0.206"" ¢
(0.001) (0.039) (0.018)
Constant -0.082* 5.245%** 0.861***
(0.030) (0.640) (0.273)
Observations 1,353 1,353 1,353
Number of countries 41 41 41

Notes: Standard errors in parentheses.

*kk

p<0.01, ** p<0.05, * p<0.1. E refers to error correction term.
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Table 7. Panel error correction model for low-income countries

(1) (2) (3)
VARIABLES AlnCI AGINI ARENT
Short run
AlnCI(-1) 0.017 1.080* 0.095
' (0.029) (0.637) (0.255)

AGINI(-1) -0.001** -0.109*** 0.006

(0.0004) (0.010) (0.007)
ARENT(-1) ' -0.074 -0.032 0.048**

(0.0002) (0.053) (0.023)
Long run
InCI(-1) -0.270"" E -1.306* 0.026

(0.029) (0.695) (0.158)
GINI(-1) ' -0.0002 -0.136" 0.011**

(0.0003) (0.012) (0.003)
RENT (-1) 0.003*** 0.106** -0.2717F

' (0.0009) (0.043) (0.016)

Constant -0.268*** 3.119%** 0.367**

(0.028) (0.702) (0.175)
Observations . 1,740 1,740 1,740
Number of countries 58 58 58

Notes: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. E refers to error correction term.

the article specifically explores the connection between income inequality and CO, emissions in
countries that heavily rely on fossil fuel production.

The analysis of the carbon intensity trajectory for different income groups provides support for
the notion that countries heavily reliant on fossil fuel rents tend to exhibit higher levels of both
income inequality and carbon intensity. The empirical findings demonstrate that larger amounts of
fossil fuel rents have an impact on the relationship between income inequality and carbon
intensity within a country’s GDP. Economies that rely on fossil fuel rents often display a more
unequal distribution of income and follow a more carbon-intensive developmental path. The panel
causality test reveals the presence of unidirectional causal relationships among oil rents, income
inequality, and carbon intensity, specifically from oil rents to income inequality and then to carbon
intensity [oil rents » income inequality » carbon intensity].

In the short run, higher levels of fossil fuel rents contribute to an increase in income inequality,
and higher income inequality, in turn, leads to greater carbon intensity in high-income countries.
However, middle- and low-income countries experience a decrease in carbon intensity despite
higher income inequality. In the long run, the short-term effect of fossil fuel rents on income
inequality persists, but higher income inequality results in a reduction of carbon intensity in high-
income countries. The impact of income inequality on carbon intensity is not observed in middle-
and low-income countries. Overall, the evidence suggests that the abundance of oil resources
plays a role in determining the distribution of rents and contributes to income inequality.
Consequently, an economic structure heavily dependent on oil has implications for carbon inten-
sity. Therefore, when considering a country’s income distribution, it is crucial to take into account
carbon-intensive pathways as they are linked to the rents derived from natural resources.
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Indeed, the results suggest that addressing income distribution policies and adopting effective
natural resource management strategies are crucial components of a country’s carbon neutral
strategy. The findings indicate that countries with a high dependence on fossil fuel rents tend to
exhibit higher levels of income inequality and carbon intensity. This highlights the need for policies
that aim to promote a more equitable distribution of income and wealth, while also transitioning
towards cleaner and more sustainable energy sources.

By integrating income distribution policies into carbon neutral strategies, countries can work
towards reducing income inequality and ensuring that the benefits of sustainable development are
shared more equally among the population. This may involve implementing measures such as
progressive taxation, social welfare programs, and targeted investments in education and skill
development to create more opportunities for all segments of society.

Additionally, effective natural resource management is essential to mitigate the environmental
impact of carbon-intensive activities. Countries can pursue strategies that prioritize the sustainable
extraction and use of natural resources, including the implementation of regulations, incentives, and
technological advancements to promote cleaner production processes and energy efficiency. This can
contribute to a more balanced and environmentally sustainable economic development path.

By incorporating income distribution policies and sustainable natural resource management prac-
tices into their carbon neutral strategies, countries can work towards achieving both environmental
and social goals. This integrated approach can help create a more inclusive and resilient economy that

addresses income inequality while transitioning towards a low-carbon and sustainable future.
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Notes

1. Fugitive emission refers to pollutants released into the air
from industry operation. The major part of the fugitive
emissions is emitted as CO, mainly from flaring in
upstream oil and gas production. The sectors contributing
to fugitive emissions include extraction, handling, storage,
transmissions, and distribution of solids, liquids, and gas-
eous fuels, and from flaring and venting (Plejdrup et al.,
2015).

2. Global average Gini coefficient is 38.1, the average
of top 30 flaring countries is 40.4 (ICRG, 2017).

3. According to the World Bank’s national classification
by income level, high income countries are defined as
those with a GNI per capita of $12,235 or more; upper-
middle income countries have a GNI per capita

between $3,956 and $12,235; lower-middle income
countries have a GNI per capita between $1,006 and
$3,955; lower-middle income countries have a GNI per
capita of $ 1,005 or less (World bank, 2017b).

4. CO, emissions per GDP and oil rents data were obtain
from World Bank database. GINI data was obtained
from the Standardized World Income Inequality
Database (SWIID), and it specifies that for certain
countries categorized as middle- and low-income
countries, the available data only goes up until 2014.

5. In order to calculate the growth rate, it is necessary to
base the year for which all data for the country exist,
and in this case, it was calculated based on 1996.

6. EIT refers to countries with “economies in transition,”
that is, Belarus, Bulgaria, Croatia, Czech Republic,
Estonia, Hungary, Latvia, Lithuania, Poland, Romania,
Russia, Slovak Republic, Slovenia, and Ukraine, among
the Kyoto Protocol Annex I counties.

7. Bulgaria has already achieved the EU targets for pro-
duction and consumption of electricity from renewable
sources, set in the Europe 2020 strategy. In 2012,
Bulgaria’s share of renewables for final energy con-
sumption stood at 16.3%, against a target of 16%.
Estonia was the first Member State to reach its 2020
targets, which was 25% in 2011 (Eurostat, 2014).

8. In general, cross-sectional dependence between panel
groups can occur in panel analysis. Westerlund (2007)
present a panel cointegration test method that eliminates
cross-sectional interdependence using a panel model. As
a result of Pesaran’s CD test, there is evidence suggesting
the presence of cross-sectional dependence, therefore,
we use panel stationarity test: Fisher-ADF, Fisher-PP.
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Appendix

Table Al. Fossil fuel abundance and rents as a share of GDP in 2014

Natural capital per Natural

capita, Coal oil gas Fuel
Country fossil fuels Country rents | rents | rents rents

1 Qatar 659,327 Kuwait 0.00 53.38 0.76 54.14
2 Kuwait 588,862 Iraq 0.00 43.47 0.03 43.50
3 UAE 256,257 Saudi Arabia 0.00 38.98 1.10 40.07
4 Saudi Arabia 248,854 Oman 0.00 35.26 3.39 38.65
5 Oman 89,037 Congo 0.00 36.17 0.10 36.27
6 Norway 81,692 Qatar 0.00 22.62 6.96 29.58
7 Iraq 68,489 Turkmenistan 0.00 10.03 | 18.25 28.28
8 Gabon 51,374 Gabon 0.00 24.91 0.13 25.04
9 Kazakhstan 46,700 Iran 0.00 19.53 3.53 23.06
10 Turkmenistan 37,843 UAE 0.00 21.74 1.11 22.85
11 Azerbaijan 35,811 Azerbaijan 0.00 19.54 2.55 22.09
12 Russia 34,430 Algeria 0.00 15.72 3.34 19.06
13 Venezuela 30,795 Chad 0.00 16.89 0.01 16.90
14 Australia 25,475 Kazakhstan 0.45 13.46 1.00 14.90
15 Canada 22,421 Russia 0.18 8.84 3.23 12.26
16 Congo 17,539 Yemen 0.00 10.17 1.98 12.14
17 Ecuador 14,411 Ecuador 0.00 10.26 0.05 10.31
18 Bahrain 13,451 Venezuela 0.01 9.37 0.32 9.69
19 Mongolia 10,085 Nigeria 0.00 8.50 0.42 8.92
20 Nigeria 7,857 Norway 0.00 5.71 2.58 8.29

Note: Units of natural capital per capita are constant for 2014 USS. Unit of fossil fuel rents is % of GDP.
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