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The aim of this study is to analyze the literature of EKC for the selected studies for the period 2002 to 2020

for income-energy-emissions nexus and provide research directions for the current literature. The result of
this study shows that the general tendency in the literature is to examine the symmetric relationships
between income and emissions, and the analysis of non-linear relationship between income and emissions
should be increased. Although many variables are added to income-energy-emissions nexus to analyze the
EKC relationship, the effect of external debt on the EKC relationships is not analyzed in the literature in
detail. The effect of external debt on the EKC relationship should be analyzed for developed and developing
countries. The analysis should be carried out more for developing countries than developed countries since
developing countries may be financing their emission intense industries through external debt. For further
research directions, this study recommends coal consumption should be analyzed instead of carbon
emissions for the EKC relationship for developed and developing countries.
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INTRODUCTION

Climate change is a topic worldwide discussed by scientists, politicians and individuals. Carbon dioxide
is also discussed besides climate change since it is one of the major causes for climate change and one of
main greenhouse gas emissions which are carbon dioxide, methane, nitrous oxide, hydrofluorocarbons,
perfluorocarbons, and sulphur hexafluoride. To cope with climate change and reduce CO2, many initiatives
take place on individual country level and global level. For global initiatives the Paris Agreement and the
Kyoto protocol can be mentioned as two of them.
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The Kyoto Protocol, as being one of the global initiatives, an international agreement which was signed
and ratified with different parties on December 11, 1997, is one of the main efforts of humanity to cope
with climate change and reduce CO2 emissions. Developing and developed countries aim to reduce their
GH (Green House Gases) emissions by taking place in global initiatives. The protocol was prepared under
the guidance of United Nations Framework Convention on Climate Change (UNFCC). It was first started
with 37 industrialized countries and the European Union but today almost all countries involved in the
protocol. Not all countries ratified Kyoto Protocol such as the United States of America (USA). The Kyoto
Protocol went into practice by 2005 and by having a common objective for GH reduction, it also provides
each participant country with a different commitment for emissions.

The Kyoto Protocol’s first commitment period for ratified parties was between 2008 and 2012. First
commitment period required involved countries to reduce their GH emissions by 5 percent below 1990
levels. Updates to protocol was made in 2011 in Morocco and in 2012 in Qatar. After 2012 meeting in
Qatar, second commitment period was decided to be started between 2013 and end of 2020. New common
objective was to reduce GH 18 percent below 1990 levels. Many discussions take place in the media and
scientific community whether the Kyoto Protocol is successful and its contribution to the reduction level in
CO2 and GH worldwide.

The Kyoto Protocol was not created just being a binding agreement by participant countries and the
United Nations but it was also created to set up new initiatives to cope with GH emissions against climate
change. These initiatives are carbon trading, Clean Development Mechanism and Joint Implementation.
The main common point of these initiatives are the participant countries in the Kyoto Protocol can trade
their excess carbon allowance on the carbon market and gain income. Also, in clean development
mechanism, a participant country can make a green investment inside its borders to gain carbon credits in
order to count in further commitment periods toward its emissions allowances. In joint implementation, a
participant country can make a green investment in another country’s territory to gain carbon credits in
order to count in further commitment periods toward its emissions allowances.

The Kyoto Protocol is discussed besides the Environmental Kuznets Curve (EKC), which states income
increase with CO2 to a certain level and after that level is reached CO2 starts to decrease while income
increases, as well as climate change. The impact of the Kyoto Protocol on EKC is one of the determinants
for countries that are involved in the protocol to determine their policy implications towards their coping
strategy with climate change.

In this study, literature review for carbon Kuznets curve which involves EKC relationship, income-
emissions nexus, energy-emissions nexus, energy-income nexus, emissions-energy-income nexus with
addition of variables is examined by including neutrality hypothesis, conservation hypothesis, growth
hypothesis and feedback hypothesis. Each nexus is analyzed in detail and future research directions are
given in conclusion part. According to neutrality hypothesis, there is no causal relationship between income
and energy consumption. According to conservation hypothesis, causal relationship is directed from income
to energy consumption. According to growth hypothesis, causal relationship is directed from energy
consumption to income. According to feedback hypothesis, caulsa relationship is directed from income to
energy consumption. The aim of this study is to analyze the literature of EKC for the selected studies for
the period 2002 to 2020 and provide research directions for the current literature.
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FIGURE 1
EKC CURVE
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LITERATURE REVIEW ON EKC AND ENERGY-EMISSIONS-INCOME NEXUS

Environmental Kuznets Curve (EKC) origins started by Kuznets’ (1955) article with the title of
economic growth and income inequality published in the American Economic Review. Kuznets (1955)
aimed to answer his main questions in his article which were whether inequality in the distribution of
income decrease or increase in the course of country’s economic growth and which factors determine the
secular level and trends of income inequalities. He analyzed the data for United States, England and
Germany which were industrialized countries. He found an inverted U-shaped relationship between income
inequality and economic growth. Firstly, as economic growth increases, income inequality increases. After
a certain point, as economic growth increases, income inequality declines.

In 1990s, Environmental Kuznets Curve (EKC) was examined as inverted U-shaped relationship
between economic growth and environmental degradation which states at low-income levels, as income
increases environmental degradation increases but after a certain point, as income increases, environmental
degradation decreases. Grossman and Krueger (1991), Shafik and Bandyopadhyay (1992) and Panayotou
(1993) were among the first studies for EKC hypothesis for U-shaped relationship between economic
growth and environmental degradation.

Grossman and Krueger (1991) examined NAFTA’s impact of environment. One of their findings was
that they found that as GDP increased at the low-income level, then levels of sulfur dioxide and smoke,
which are two types of environmental degradation, increased as well. After a certain point, at high-income
levels, as GDP increased, levels of sulfur dioxide and smoke declined.

Shafik and Bandyopadhyay (1992) examined the relationship between economic growth and
environmental quality for countries at different income levels. They used environmental indicators such as
the lack of clean water, lack of urban sanitation, ambient levels of suspended particulate matter (SPM),
ambient sulfur oxides (SO2), change in forest area between 1961-1986, the annual rate of deforestation,
dissolved oxygen in rivers, fecal coliforms in rivers, municipal waste per capita, and carbon emissions per
capita to examine the relationship between economic growth and environmental quality. For most
environmental indicators not all of them, as income increased, environmental indicators worsened at low-
income levels but improved at high-income levels. Except fecal coliforms in rivers, none of the
environmental got worsened in high-income levels and fecal coliforms in rivers had N-shaped relationship
with income. Shafik and Bandyopadhyay (1992) concluded that there was EKC relationship between
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income and most of the environmental indicators in the study. Some exceptions to this relationship were
dissolved oxygen in rivers, municipal waste and carbon emissions.

Panayotou (1993) tested and verified EKC relationship between types of environmental degradation
which were deforestation and air pollution, and level of economic development for a sample of developing
and developed countries. He also provided policy implications for developing and developed countries for
the areas of employment, technology transfer and development assistance in his study.

Besides certain efforts to advance EKC studies as some of them stated above, explanatory variables are
also used to expand EKC literature. One of the explanatory variables used in literature is trade openness
variable. Trade openness variable is added to equation of CO2 and GDP in the literature to determine the
effect of international trade and trade level of a country on CO2 and on GDP. Two hypotheses, which are
pollution haven hypothesis and factor endowment hypothesis, are taken into consideration in the literature
to provide policy implications for countries and discuss the effects of international trade and trade level of
a country on emission levels and income levels.

Pollution haven hypothesis (PHH) states that pollution policy determines the international trade
between countries as trade openness increases. Pollution policies in developed countries like USA, Canada,
Holland vs. can force manufacturing companies of these countries to move their industries that do not
comply with certain environmental standards to developing countries like China, Vietnam, India, Mexico
vs. which has low-level pollution policies and standards (Temurshoev, 2006). Comparative advantage is
also determined by pollution policy. For example, under NAFTA agreement US companies can move their
pollution-intensive industries to Mexico because of pollution policies in certain US states. As companies
move their pollution-intensive industries to developing countries, developing countries gain comparative
advantage for certain goods. As developing countries gain comparative advantage, developed countries
move more pollution-intensive industries to developing countries. After a while, developing countries like
China, Vietnam etc. turn into havens for multinational companies. During the process of locating industries
to developing countries and after pollution-intensive industries moved to developing countries, developed
countries benefit from improved environmental conditions. On the other hand, developing countries’
environmental degradation worsen after pollution-intensive industries move to developing countries.

Factor endowment hypothesis (FEH) states that factor endowment, abundancy in resources and
comparative advantage determine the trade between countries as openness increases (Temurshoev, 2006).
According to factor endowment hypothesis, pollution policy does not determine whether the production
move to another country but comparative advantage, that is determined by factor endowment of a country,
does. A country which has a factor endowment to produce certain good, do not go to another country to
produce it for pollution policy and also do not produce something else that it does not have a direct
advantage for.

For emissions, income and energy variables, there are four research focuses in the literature which are
income-emissions nexus, income-energy nexus, emissions-energy nexus and emissions-energy-income
nexus.

Income — Environmental Degradation Relationship
Literature for relationship between income and environmental degradation relationship is examined
under two topics which are EKC relationship and income-emissions nexus. Under EKC relationship topic,
studies that indicated validity of EKC relationship are examined. Under income-emissions nexus, causality
relationships and long-term and short-term relationships between emissions and income are examined.
Environmental Kuznets Curve (EKC) general model is in literature as is below:

In (g)t = ap+a;ln (%)t + az1n (%)tz + asln (%)t3 + asx,+ Pt+ e, (1)

o, 0 a3 a4, P are estimated parameters. t is time index. e is error term that can be serially correlated. x
is explanatory variable which can be energy consumption, trade openness, population etc. E is
environmental degradation type. Y is economic activity type. P is population.
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Different level of relationships between environmental degradation and economic activity are as below

(SONG, Z

HENG, & TONG, 2008).

FIGURE 2
DIFFERENT LEVEL OF RELATIONSHIPS BETWEEN ENVIRONMENTAL
DEGRADATION AND ECONOMIC ACTIVITY
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a >0, a 2<0 and a 3>0 conclude in an N-shaped relationship between environmental
degradation type (E) and economic activity (Y)

a1<0, a >0 and a 3<0 conclude in an inverse N-shaped relationship between environmental
degradation type (E) and economic activity (Y)

a1<0, a>>0 and a 3=0 conclude in a U-shaped relationship between environmental degradation
type (E) and economic activity (Y)

a >0, a2<0 and a 3=0 conclude in EKC relationship between environmental degradation type
(E) and economic activity (Y).

a >0, a =0 and a 3=0 conclude in a positive linear relationship between environmental
degradation type (E) and economic activity (Y)

a <0, a =0 and a 3=0 conclude in a negative linear relationship between environmental
degradation type (E) and economic activity (Y)

o = a = a 3=0 conclude in no relationship between environmental degradation type (E) and
economic activity (Y)
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FIGURE 3
IMPACTS OF INCOME ON ENVIRONMENT
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Different types of impacts of income on environment are examined in literature. There are three types
of impacts of income on environment which are level effect, composition effect and abatement effect (Islam
etal., 1999).

In level effect, higher economic activity or income, relates to higher degree of environmental
degradation. There is a positive increasing linear relationship between income and environmental
degradation.

In composition effect, relationship between income level and structure of economy determines the level
of environmental degradation. As income level increases, it changes the structure of industry and make it
more environmental friendly, more efficient and changes its output structure. As income level increases,
first environmental degradation increases and after income level reaches a certain level, environmental
degradation decreases. Relationship between environmental degradation and income is inverted U-shaped
relationship.

In abatement effect, income level determines the demand and supply for environmental protection. As
income level increases, environmental degradation level decreases. Relationship between income and
environmental degradation is inverted J-shaped relationship.

The EKC Relationship

Environmental Kuznets Curve (EKC) relationship is examined in literature in many ways such as only
emissions-income relationship and adding other explanatory variables such as energy consumption as well.
EKC relationship is studied in literature with types of studies of panel studies, single-country and multi-
country studies. EKC studies in literature are examined under two topics as the EKC relationship verified
studies and the EKC relationship not verified studies.

The EKC Relationship Verified

The EKC relationship in literature is examined with CO2 and GDP variables. In some studies,
explanatory variables are added to test the EKC relationship with variables such as energy consumption
(ERG), renewable and non-renewable energy, primary consumption, oil consumption (OIC), economy
complexity index (EI), foreign direct investment (FIDN), industrial value added (IA), financial
development (FCT), trade openness (TDS), population (PLT), manufacturing export (MET), manufacturing
import (MIT), investment (ITT), oil price (OIC), urbanization (UBZ) and energy intensity (ETS). Studies
verified EKC relationship are outlined in Table 1, 2 and 3.

For multi-country studies, Pitatowska, Wtodarczyk and Zawada (2015) examined EKC relationship for
14 EU countries depending on level of knowledge. They tested EKC relationship and verified for all high-
level countries such as Denmark, Finland, Netherlands, Sweden, United Kingdom, and for some middle-
level knowledge countries such as Belgium and France. Acaravei and Ozturk (2010) examined the EKC
relationship for 19 european countries and verified the EKC relationship only for Denmark and Italy among
19 european countries. Alam, Murad, Noman and Ozturk (2016) examined EKC relationship Brazil, China,
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India and Indonesia. They verified the EKC relationship for Brazil and Indonesia in both long-run and
short-run and for China only in the long-run. They did not verify the EKC relationship for India. Shahbaz,
Mahalik, Shah and Sato (2016) examined next 11 countries, and verified EKC relationship for Pakistan and
Turkey.

For panel studies, Destek, Balli and Manga (2016) verified the EKC relationship for central and eastern
european countries. Musolesi, Mazzanti and Zoboli (2010) examined the EKC relationship for 109
countries which consist of G7, OECD, EU15, non-OECD and poorest countries. They verified the EKC
relationship for OECD, G7 and EU15 countries which is a quadratic relationship between CO2 and GDP.
A monotonic relationship was found between CO2 and GDP for less developed countries. Arouri, Ben
Youssef, M’henni and Rault (2012) verified the EKC relationship for 12 mena countries at the regional-
level but did not verify at the country-level. Linh and Lin (2015) examined 12 most populous Asian
countries and tested the EKC relationship for these countries overall and only for Japan to find out whether
Japan’s EKC is different from overall EKC. They verified the EKC relationship for 12 most populous Asian
countries and found out Japan’s EKC was not different from EKC of 12 most populous Asian countries.
Apergis and Ozturk (2015) verified EKC relationship for 14 asian countries.

Gao and Zhang (2014) verified the EKC relationship for 14 sub-Sahara African Countries. Kasman and
Duman (2015), Osabuohien, Efobi and Gitau (2014), Kim (2015), Pao and Tsai (2011), Anastacio (2017)
and Apergis and Payne (2009) verified EKC relationship for 15 countries which Bulgaria, Croatia, Czech
Republic, Estonia, Hungary, Iceland, Latvia, Lithuania, FYR of Macedonia, Malta, Poland, Romania,
Slovak Republic, Slovenia, and Turkey, 50 African Countries, Asian Newly Industrialized Countries,
Brazil, Russia, India and China, Canada, United States, Mexico and six central American countries
respectively.

TABLE 1
STUDIES VERIFY THE EKC RELATIONSHIP — MULTI COUNTRY

Author(s) Sample Period Methodology Variables Results
Threshold
Autoregressive
(TAR) Model & 1. The EKC
omentan TR
Wilodarczyk | 14 EU Countries | 1960 - : C02, GDP, ‘g
and Zawada Except Germany 2010 Autoregressive ERG some middle-level
(2015) (MTAR) Model knowledge advanced
& Non-Linear economies (Belgium
Threshold and France).
Cointegration
(NTAR)
Autoregressive
Distributed Lag
(ARDL) Bounds
Testin
Acaravci and Appii)tac;gl of 1. The EKC
19 European 1960 - . . CcoO2, GDP, Relationship is
Ozturk . Cointegration, .
Countries 2005 ERG verified for
(2010) Error-
. Denmark and Italy.
Correction
Based Granger
Causality Model
(ECGO)
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Autoregressive
Distributed Lag 1. EKC is verified
(ARDL) bounds for Brazil and
Alam, test, VECM Indonesia in both
Murad, | B zil, China, India | 1970 | (VectorError oy gpp, | long and short run.
Noman and and Indonesia 2012 Correction ERG. PLT 2. EKC is verified
Ozturk Model), ’ for China only in
(2016) Gregory— long-run.
Hansen 3. EKC is not
cointegration verified for India.
approach (GH)
Shahbaz, Time-varying 1. The EKC
Mabhalik, Next 11 Countries 1972 - Granger CO02, GDP, relationship is
Shah and 2013 Causality (GC) ERG verified for Pakistan
Sato (2016) and Turkey.
TABLE 2
STUDIES VERIFY THE EKC RELATIONSHIP — PANEL STUDIES
Author(s) Sample Period | Methodology Variables Results
FMOLS
(Fully
Modified
Ordinary
Least
Squares), 1. The environmental Kuznets
pestek, | Centraland DOLS CO2,GDP, | curve (EKC) hypothesis holds for
alli and Eastern 1991 - . .
(Dynamic ERG, UBZ, | these countries. The EKC
Manga European 2011 . . .. .
. Ordinary TDS Relationship is verified.
(2016) Countries L
east
Squares),
Panel VECM
Granger
Causality
Method
1. Supports the EKC hypothesis
for OECD, G7 and EU1S groups
but does not support the EKC
hypothesis for less-developed
countries.
2. The EU shows a clear EKC
Musolesi, Hierarchical shape.
Mazzanti 109 1959 - Baves CO2. GDP 3. Provides Evidence of an EKC
and Zoboli Countries 2001 Es tin)lla tor ’ relationship between CO2 and
(2010) GDP, is limited to the OECD, G7
and EU1S groups.
4. A monotonic relationship
between income and emissions for
less-developed countries.
Industrialized countries verify
EKC in quadratic specifications.

82  Journal of Strategic Innovation and Sustainability Vol. 16(1) 2021




Arouri, Panel
Ben cointegration . -
Youssef, | I2ZMENA | 1981- | testand | CO2,GDP, |l Lhe BKC Relationshipis
M’henni countries 2005 Panel error ERG verlﬁe(! at the regional-level but
. not verified at the country-level.
and Rault correction
(2012) model (ECM)
Johansen
Cointegration
Test (JCT),
12 most GI;::eler 1. Supports the Environmental
Linh and populous 1980 — Causagli ty CO2, GDP, | Kuznets Curve (EKC). Japan's
Lin (2015) Asian 2010 Test. VECM ERG, FIDN | EKC is not different from 12 most
countries ’ ’ populous Asian countries
OLS
(Ordinary
Least
Squares)
CO02, GDP,
Panel Co- PLT, IA, ISQ
integration (Political
Apergis . Tests, Panel Stability, ' o
and Ozturk 14 Asian 1990 — GMM Government | 1. The EKC Relatlonshlp is
2015) Countries 2011 (Generalized | Effectiveness, | verified for panel countries.
Method of Quality of
Moments) regulation,
Methodology Control of
corruption)

Mallick and Tandi (2015) tested the EKC relationship for Selected SAARC countries Bangaldesh,
India, Nepal, Pakistan, and Sri Lanka. The EKC relationship was not verified for panel countries in the long
run, but EKC relationship was verified for Bangladesh and Sri Lanka in individual analysis.

TABLE 2 CONTINUED

Author(s) Sample Period Methodology Variables Results
Pedroni Panel
Cointegration
and Panel
vector error 1. The inverted U-
Gao and 14 sub-.Sahara 1980 — correct‘ion €02, GDP, shaped E(ljlvironmenéal
Zhang (2014) Afrlca'n 2009 modelling ERG Kuznets Curve (FjK )
Countries methods, hypothesis exists in the
FMOLS & SSA countries’ case.
DOLS, Panel
Engel-Granger
Causality Test
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15 countries

(Bulgaria,
Croatia, Czech
Republic, 1. The EKC
Estonia, Relationship is
Hungary, verified
Kasman and Iceland,g La};via, 1992 — Panel Data €02, GDP, - an inverted U-
Duman R . . ERG, TDS, . .
(2014) Lithuania, FYR 2010 Analysis UBZ shaped relatfonshlp
of Macedonia, between environment
Malta, Poland, and income for the
Romania, Slovak sampled countries
Republic,
Slovenia, and
Turkey)
Panel C02, GDP,
. . GDP2, ISQ
Cointegration (Rule of Law
Osabuohien, . Approach, > | 1. The EKC
. 50 African 1995 - Regulatory . -
Efobi and Countries 2010 Vector Quality Relationship is
Gitau (2014) Autoregressive G i ¢ verified in Africa.
Technique & overnmen
PDOLS Effectiveness),
TDS
Asian Newly VECM & Panel 1. The EKC
Kim (2015) Industrialized 129311 1_ Granger ](E:l(l)é’ (17}3)[1)\’1 Relationship is
Countries Causality Test ’ verified.
1. The EKC
Relationship is
1980 - Panel verified. Supportive of
Pao and Tsai | Brazil, Russia, (li?l(s):ia FC:’;I‘:::&;‘;‘IZ";L CO2, GDP, 3‘;5:‘5;;{0 *:l‘;th"s's’
(2011) India and China | _ 1992 - | Panel Causality ERG, FIDN increasing with
2007) Test real output,
stabilizing, and then
declining.
Panel Pedroni 1. The EKC
Cointegration Relationship is
Anastacio Canada, United 1980 — Te(e}s::llljgzl;el CO02, GDP, Xel::geigaf(c):;lll\i::'::s
(2017) States, Mexico 2008 Causality FIDN (Canada, United
Analysis, States and Mexico).
VECM Model
1. The EKC
Relationship is not
verified for Selected
Selected SAARC Panel SAARC countries in
countries Cointegration the long-run
Mallick and (Bangaldesh, 1972 - Test & Full CO02, GDP, 2. In indivi d;lal
Tandi (2015) India, Nepal, 2010 Modified L yt ERG, TDS ) Ivsis. the EKC
Pakistan, and Sri ocitied Leas anatysis, the -
Lanka Square Relationship is

verified for
Bangladesh and Sri
Lanka.
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Panel
. cointegration
Apergis and S:ince:’?ct;f 1971 - test, Panel CO0O2, GDP, 1. EKC is verified
Payne (2009) C . 2004 error ERG ) )
ountries .
correction
model, FMOLS
TABLE 3
STUDIES VERIFY THE EKC RELATIONSHIP — SINGLE-COUNTRY STUDIES
Author(s) Sample Period Methodology Variables Results
1. The EKC
Relationship is verified
. . 1980 — ARDL with Break €02, GDP, ERG but estimated GDP
Amri (2017) Algeria . (Non-renewable . c .
2011 Point Model turning point is not
& Renewable) P .
within examined
period.
. 1. The EKC
Latifa, Yang . 1965 - ARDL & Granger Relationship is verified
and Xu Algeria 2009 Causality Test & CO0O2, GDP both in short-term and
(2014) VECM
long-term.
Toda and Yamamoto | CO2, GDP, ERG
Tangaand | . .| 1980 | (festingmethod, (Primary | 4 ‘rpe EKC
ambodia Granger non- Consumption, . C. .
Tan (2016) 2010 . . Relationship is verified.
causality test and Oil
ARDL Consumption)
1. EKC is verified.
Jalil and Quadratic relationship
Mahmud China 129{']75 5_ ARDL %ﬁé’ (”}F]]))I; between income and
(2009) ’ CO2 emission for the
sample period.
1. The EKC
Relationship is verified
Cointegration Test in France both in short-
of Maki, DOLS, run and long-run.
Can & ECM (Error CO02, GDP, (There is an inverted U
Gozgor France 1964 — | Correction Model), ERG, Economy | relationship between
(2016) 2011 Granger Causality Complexity income and CO2
Test & Block Index (ET) emissions in France.)
Exogeneity Wald 3. A higher economic
Test complexity suppresses
CO2 emissions in the
long run. (relationship)
Bﬁ::f(:r‘;‘l‘(‘iis ran | 1975— | ARDL & Granger | CO2, GDP, UBZ, | 1. The EKC
(2016) 2011 Causality Analyses ETS Relationship is verified.
Saboori, ARDL methodology, 1. Tests and confirms
Sulaiman . 1980 — Granger Causality the EKC hypothesis
and Mohd Malaysia 2009 test based €02, GpP both in long-run and
(2012a) on VECM short-run in Malaysia.
Saboori,
Sulaiman . 1980 — C02, GDP, 1. The EKC
and Mohd | Malaysia | “550g | ARDL Methodology | pp'vng UBZ | Relationship is verified
(2016) in the long-run.

Journal of Strategic Innovation and Sustainability Vol. 16(1) 2021

85




For single-country studies, Amri (2017) and Latifa, Yang and Xu (2014) examined the EKC
relationship in Algeria. Amri (2017) verified the EKC relationship in Algeria but GDP turning point was
not within sample’s period. Latifa, Yang and Xu (2014) verified the EKC relationship both in the long-run
and short-run.

TABLE 3 CONTINUED
Author(s) Sample Period | Methodology Variables Results
Johansen
method of
cointegration 1. Tests and confirms the EKC
gl;lzr;‘zgoall:; Mongolia 129(;;10 0- and granger %(132(;,(”;[]]))1;’ hypothesis in Mongolia in both
causality test short-run and long-run.
VECM
framework
1. Do not support EKC in a short-
run, whereas the long-run
CO2. GDP inverted '
Ahmed and . 1971 - ) > | U shaped hypothesis was
Long (2013) Pakistan 2008 ARDL ER%}DS’ confirmed between carbon
emission and growth, energy
consumption, trade openness and
population density.
Munir and Johansen CE?{Z(’;GIB‘P’
‘E‘l'lg::“ Pakistan | 1980 | Cointegration | oo | 1. The EKC Relationship is
(2014) 2010 App\l}';);gll\l/[and PLT,’MET,, verified.
MIT, ITT
ARDL,
Gregory—
Shahbaz, Hansen
Lean and Pakistan 1971 - | Cointegration C0O2, GDP, 1. The EKC Relationship is
Shabbir 2009 Test and ERG, TDS verified.
(2012) Granger
Causality
Approach
Shahbaz,
Jam, Bibi 1971 | ARDL& CO2, GDP, 1 The EKC hypothesis tested and
and Portugal 2008 Granger ERG, TDS, firmed in both short- d
. confirmed in both short-run an
Loganathan Causality Test UBZ long-run
(2016) )
Johansen
Cointegration
test, The
Granger .
Baibey | g4 | 1974~ | Causality Test | COZ GDP, i;):t'.l‘:n]f:;cm';y{?z:t?y‘ifyes“d and
(2015) 2011 | & VAR (Vector FIDN . . .
Autoregressive) quadratic specifications.
Model & OLS
Regression
Model
Katircioglu 1960 - DOLS, CO2, GDP, | 1. Does not Confirm the oil-
2017) Turkey 2010 Granger ERG, Oil induced EKC hypothesis in the
Causality Test, | Price (OCP) | case of Turkey. Supports the EKC
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Maki hypothesis for Turkey.
cointegration
test, ECM
Cointegration
Oirkand |y | 174- | AT con o || The RC Kot
Oz (2016) Yol 2011 C ange ERG, FIDN | Y¢'e ¢ long-te
ausality short-term.
Analysis

Tang and Tan (2016) and Yazdi and Mastorakis (2016) verified the EKC relationship in Cambodia and
Iran respectively. Jalil and Mahmud (2009) and Saboori, Sulaiman and Mohd (2016) verified the EKC
relationship in China and Malaysia respectively.

Can and Gozgor (2016), Saboori, Sulaiman and Mohd (2012), Ahmed and Qazi (2014) and Shahbaz,
Dube, Ozturk and Jalil (2015) verified the EKC relationship both in the long-run and short-run in France,
Malaysia, Mongolia and Portugal respectively.

Ahmed and Long (2013), Munir and Khan (2014) and Shahbaz, Lean and Shabbir (2012) examined the
EKC relationship in Pakistan. While Munir and Khan (2014) and Shahbaz, Lean and Shabbir (2012)
verified the EKC relationship in Pakistan, Ahmed and Long (2013) did not verify the EKC relationship in
the short-run. Ahmed and Long (2013) verified the EKC relationship in the long-run between CO2 and
GDP, energy consumption, trade openness and population density.

Balibey (2015), Katircioglu (2017) and Oztirk and Oz (2016) examined the EKC relationship in
Turkey. Balibey (2015) verified quadratic relationship between CO2 and GDP. Katircioglu (2017) did not
verify oil-induced EKC relationship in Turkey but emission-income EKC relationship in Turkey. Oztiirk
and Oz (2016) verified the EKC relationship in Turkey both in the long-run and short-run.

The EKC Relationship Not Verified

For multi-country study, Iwata, Okada and Samreth (2012) indicated that their study does not support
the EKC relationship for 11 OECD countries which are Belgium, Canada, Finland, Germany, Japan,
Republic of Korea, Spain, Sweden, Switzerland, UK and USA.

For panel studies, Ozcan (2013) concluded that there was no evidence for the EKC relationship for 12
middle east countries. Martinez-Zarzoso and Bengochea-Morancho (2003) examined 19 Latin-American
and Caribbean countries and found that EKC was not confirmed for panel countries. They also found
heterogeneity for the EKC relationship among 19 countries and only few countries showed the EKC
relationship. Among 19 countries, 9 countries showed N-shaped curve, 2 countries showed a curve with
decreasing trend, 2 countries showed U-shaped curve and 6 countries showed upward sloping curve.

Zoundi (2017), Wang (2012) and Saleh, Abedi, and Abedi (2014) tested and found no evidence for the
EKC relationship for 25 countries, 98 countries and Iran respectively.

TABLE 4
STUDIES DO NOT VERIFY THE EKC RELATIONSHIP - MULTI-COUNTRY STUDIES

Author(s) Sample Period Methodology Variables Results
Iwata, C0O2, GDP, ERG,
Okada TDS, ES 1. Does not support the EKC

11 OECD | Country

and Countries Based ARDL (Elect.rlcny hypoth'esm for 11 OECD
Samreth Production from | countries.
(2012) Nuclear Source)
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TABLE 5
STUDIES DO NOT VERIFY THE EKC RELATIONSHIP- PANEL STUDIES

Author(s) Sample Period | Methodology Variables Results
Westerlund
panel
cointegration
Ozean | 12Middle | gq, | test Panel CO2,GDP, | 1. The EKC Relationship is
2013) East 2008 | FMOLS, ERG not verified
Countries Panel-Based )
Error
Correction
Model
1. EKC not confirmed for
panel countries.
2. The 19 countries do not
exhibit a single behaviour for
the relationship between
CO2 and GDP. Great
heterogeneity is observed.
Martinez- 19 Latin- 3. For the EKC relationship,
Zarzoso and | American 1975 — Johansen many individual countries do
Bengochea- and 1 9§8 cointegration CO0O2, GDP not verify CO2-GDP
Morancho Caribbean test, ARDL relationship.
(2003) countries 9 countries present a N-
shaped curve,
2 countries present a curve
with decreasing trend,
2 countries present a U-
shaped curve,
6 countries present upward
slopping curve.
C02, GDP,
Panel ER(EI(II;:;;MY 1. The EKC Relationship is
Zoundi 25 1980 — fomtegratlon Consumtpion & not verified. Tests .and does
. pproach and not confirm the existence of
(2017) countries 2012 R Renewable .
obustness an environmental Kuznets
tests Energy curve.
Consumption),
PLT
1. The EKC Relationship not
verified.
2. In the low economic
growth regime, GDP
08 1971 — Dynamic Panel negatively affects CO2 .
Wang (2012) countries 2007 Threshold CO02, GDP 3. In the medium economic
Model (DPTM) growth regime, GDP
positively impacts CO2.
4. In the high economic
growth regime, the impact of
GDP is insignificant on CO2.
Liu, Yan . 1997 — . Panel . €02, GDP, 1. Aq inverted N-shaped
and Zhou China 2010 cointegration UBZ (Built-up relationship between CO2
(2016) test, Panel emissions and economic
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causality Area, Urban growth in China, not
analysis, Population) supporting the
Granger environmental Kuznets curve
causality test (EKC) hypothesis. The EKC
based on Relationship is not verified.
(VECM),
FMOLS,
DOLS
Pedroni Panel
S. S. Wang, C(;m:e%ratulm 1. The EKC Relationship is
Zhou, Zhou China 1995 — eGsr’a ng'e‘: CO2, GDP, | not verified. Does not
and Wang 2007 Causality Test ERG support the EKC
(2011) & Panel Relationship.
VECM
The Lagrange
multiplier CO2. GDP 1. The EKC hypothesis is not
bootstrap GDP2. ERC. | verified as the sign of
Dogan, panel TDS T, ou ris1;1 coefficients on GDP and
Seker and OECD 1995 - cointegration, ’(TT) GDP2 is negative and
Bulbul Countries 2010 DOLS, positive, respectively.
(2015) Dumitrescu—
Hurlin Panel
Granger
Causality Test
Saleh, \]’;701*1:] 1990 Vﬁl}l Model
. an — | with the micro
AAI)'ZZ‘:'(’Z"O‘;?') Member | 2004 panel CO2,GDP 4 The EKC hypothesis tested
Countries application and not confirmed for Iran.

Liu, Yan and Zhou (2016) and S. S. Wang, Zhou, Zhou and Wang (2011) tested the EKC relationship
in China. While S. S. Wang, Zhou, Zhou and Wang (2011) found no evidence for the EKC relationship,
Liu, Yan and Zhou (2016) found an inverted N-shaped relationship between CO2 and GDP.

For single-country studies, Ghosh, Alam and Osmani (2014) and Amin, Ferdaus and Porna (2012)
tested the EKC relationship and found no evidence for the EKC relationship in Bangladesh.

Friedl and Getzner (2002) tested the EKC relationship in Austria and found no evidence for it. Saboori
and Soleymani (2011), Boopen and Vinesh (2011) and Alkhathlan, Alam and Javid (2012) tested the EKC
relationship and found no evidence for it in Iran, Mauritus and Saudi Arabia respectively.

Saboori, Sulaiman and Mohd (2012a) tested the EKC relationship in Indonesia. They found no evidence
for the EKC relationship and GDP impacted CO2 negatively in the short-run and positively in the long-run.

Alege and Ogundipe (2013) examined the EKC relationship in Nigeria and found a positive linear
relationship between CO2 and GDP.

Hussain, Javaid and Drake (2012) examined the EKC relationship in Pakistan. Hussain, Javaid and
Drake (2012) found linear relationship between CO2 and GDP.

Yavuz (2014) and Dogan and Turkekul (2016) examined the EKC relationship and found no evidence
for it in Turkey and USA respectively.

Farhani and Ozturk (2015), Fodha and Zaghdoud (2010) and Mrabet, Achairi and Ellouze (2014)
examined the EKC relationship in Tunisia. While Farhani and Ozturk (2015) and Mrabet, Achairi and
Ellouze (2014) found positive monotonic relationship between CO2 and GDP, Fodha and Zaghdoud (2010)
positive monotonic relationship between CO2 and GDP and an inverted U relationship between SO2
emissions and GDP.
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TABLE 6
STUDIES DO NOT VERIFY THE EKC RELATIONSHIP - SINGLE-COUNTRY STUDIES

Author(s) Sample Period | Methodology Variables Results
Johansen and
Aﬁllll(l)sahlid 1972 - Cognl;seegl;::ion 1. The EKC Relationship is not
Osmani Bangladesh | 2011 TesEﬁ(XAR €02, GDP, ERG verified.
(2014) Correction
Model
Friedl and ) 1960 — Cointegration | GDP, CO2, .TDS, 1. Test and rejects the EKC
Getzner Austria 1999 Test, OLS SC (Service hvpothesis for Austria
(2002) method Sector) yp i
Johansen
cointegration
Amin method,
Fer da1;s 1976 — Granger 1. Test and Does not Confirm
and Porna Bangladesh 2007 Caus.allt)j & | CO2, GDP, ERG | the .ex1stence of an
2012) Multivariate environmental Kuznets curve
Vector Error for Bangladesh.
Correction
Model
RegArl:ets(s)ive 1. Test EKC and do not support
Distributed (confirm) the EKC hypothesis,
Lag (ARDL) which assumes an inverted U-
Saboori, methodolog shaped relationship between
Sulaiman Indonesia 1971 - for y C02, GDP, income and environmental
and Mohd 2007 . . ERG, TDS degradation. The EKC
(2012a) comtelgr:!tlon Relationship is not verified.
E énMa {];;sljor 2. GD.P impacts CO2 emissions
Correction neg.aflvely.m the short-run and
Model) positively in the long-run.
Sa;’}:):;" 1971 — 1. Does not support the EKC
Soleymani Iran 2007 ARDL CO2, GDP, ERG | hypothesis for Iran.
(2011)
CO2, GDP, ITT,
TDS, EL
Johansen (Education
Boopen and 1975 - Cointegration | Level), EML 1. EKC not confirmed for
Vinesh Mauritus 2009 test & VAR | (Employment Mauritus.
(2011) Model & Level), PLT,
OLS VEH (Number of
vehicles on the
road)
Fractional 1. The EKC hypothesis tested
Alege and Integration & and not confirmed for Nigeria.
Ogundipe Nigeria 1970 - Co- CO2, GDP, ISQ, | No evidence of EKC in Nigeria.
(2013) 2011 Integration TDS, PLT 2. Positive linear relationship
Analysis bet.we.en GDP and CO2
emissions.
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Johansen Co-

1. The EKC Relationship is not

J?vl;s:ia:; 1 1971 | integration, | CO2, GDP, ERG | verified. Tests and rejects the
Pakistan to VECM and | (Commercial EKC relationship for Pakistan.
Drake . . .
2012) 2006 Gra.nger Energy Use) Linear relationship is observed
causality tests between GDP and CO2.
Johansen
Hussian, Cointegration CO2. GDP 1. A monotonically increasing
Attari and Pakistan 1971 - Test, ERG’(coml;lercial curve between GDP and CO2
Drake 2006 Granger energy use) emission. The EKC Relationship
(2011) Causality is not verified.
Test, VECM
ARDL,
Alkhathlan, VECM, ECM 1. The EKC hypothesis does not
Alam and Saudi 1980 - based CO2, GDP, hold in the case of Saudi Arabia.
Javid Arabia 2008 Granger ERG, EML
(2012) Causality
test,
ARDL, ECM
(Error 1. The EKC relationship is not
Farhani 1971 - Correction C0O2, GDP, verified. A positive monotonic
and Ozturk Tunisia 2012 Method), ERG, FCT, TDS, | relationship between real GDP
(2015) Granger UBZ and CO2 emissions.
Causality
Method
Johansen
Cointegration
Analysis,
VAR Model,
ECM (Error 1. An inverted U relationship
Fodha and Correction between SO2 el.nissions and
Zaghdoud Tunisia 129061 - Model), €02, SO2, GDP GDP repf'esentmg the EKC
(2010) 04 Short-run hypothesis. . ) )
Granger 2. A monotonically increasing
causality, relationship between GDP and
Long-run CO2.
weak
exogeneity
test
Mrabet, 1. The EKC Relationship is not
Achairi and .. 1980 - verified because monotonically
Ellouze Tunisia 2009 VAR Model | CO2, GDP positive relationship between
(2014) GDP and CO2.
Johansen
cointegration
Yavuz 1960 - | 'St the 1. The EKC hypothesis tested
(2014) Turkey 2007 Gregoryand | CO2, GDP, ERG and not confirmed for Turkey.
Hansen
cointegration
test
ARDL,
Dogan and 1960 - VECM CO02, GDP, 1. Does not support the
Turkekul USA 2010 Granger ERG, GDP2, validity of the EKC hypothesis
(2016) Causality TDS, UBZ, FCT | for the USA.
Test

Journal of Strategic Innovation and Sustainability Vol. 16(1) 2021

91




Income-Emissions Nexus

CO2-GDP Nexus. Causality relationships and long-term and short-term relationships between CO2
and GDP are widely discussed in literature with panel and single-country studies.

For panel studies, Musolesi, Mazzanti and Zoboli (2010) tested EKC for a panel of 109 countries for
the period between 1959 and 2001 with hierarchical bayes estimator methodology. They verified EKC for
OECD, G7 and EU15 countries and concluded that there was a monotonic relationship between CO2 and
GDP. Mitic’, Ivanovic” and Zdravkovic (2017) examined relationship between CO2 and GDP for 17
transitional economies for the period between 1997 and 2014 with Panel Cointegration Test, DOLS and
FMOLS methodologies. They found cointegrating relationship between CO2 and GDP and increase in GDP
lead to an increase in CO2 in the long-run. Martinez-Zarzoso and Bengochea-Morancho (2003) tested the
EKC relationship for a panel of 19 Latin-American and Caribbean countries for the period between 1975
and 1978 with Johansen cointegration test and ARDL methodologies. They discovered that there was a
great heterogeneity for the relationship between CO2 and GDP for 19 Latin-American and Caribbean
countries.

TABLE 7
CO2 - GDP NEXUS - PANEL STUDIES

Author(s) Sample Period Methodology | Variables Results
1. Supports the EKC
hypothesis for OECD, G7 and
EUI1S groups but does not
support EKC hypothesis for
less-developed countries.
2. The EU shows a clear EKC
shape.
Musolesi, Hierarchical 3. Provides Evidence of an
Mazzanti 109 Countries 1959 - Bayes CO2, EKC relationship between
and Zoboli 2001 Estimator GDP CO2 and GDP, is limited to
(2010) the OECD, G7 and EU15
groups.
4. A monotonic relationship
between income and emissions
for the less-developed
countries. Industrialized
countries verify EKC in
quadratic specifications.
1. The existence of a
statistically significant long-
Panel run cointegrating relationship
17 transitional 1997 - | Cointegration CO2, between CO2 emissions and
economies 2014 Test, DOLS GDP real GDP.
and FMOLS 2. Increase in GDP leads to
increase in CO2 in the long-
run.

Mitic’,
Ivanovic”
and
Zdravkovic
(2017)
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Martinez-
Zarzoso and
Bengochea-

Morancho

(2003)

19 Latin-
American and
Caribbean
countries

1975 -
1998

Johansen
cointegration
test, ARDL

CO2,
GDP

1. EKC not confirmed for
panel countries.

2. The 19 countries do not
exhibit a single behaviour for
the relationship between CO2
and GDP. Great heterogeneity
is observed.

3. For the EKC relationship,
many individual countries do
not verify CO2-GDP
relationship.

9 countries present a N-
shaped curve,

2 countries present a curve
with decreasing trend,

2 countries present a U-
shaped curve,

6 countries present an almost
lineal up-ward slopping curve.

Dinda and
Coondoo
(2006)

88 Countries

1960 -
1990

Engle—
Granger
Methodology
of Panel
Cointegration
Test, ECM

CO2,
GDP

1. GDP < CO2 for the
country-group of Africa.

2. GDP — CO2 for the
country group of Central
America.

3. CO2 — GDP for the
country-groups of Europe
4. No presence of
cointegrating relationship
between the variables for the
country-groups of North
America, South America,
Asia, Asia excluding Japan
and Oceania.

Wang (2012)

98 countries

1971 -
2007

DPTM

CO2,
GDP

1. The EKC Relationship not
verified.

2. In the low economic growth
regime, GDP negatively
affects CO2.

3. In the medium economic
growth regime, GDP
positively impacts CO2.

4. In the high economic
growth regime, the impact of
GDP is insignificant on CO2.

Ucgak et al
(2015)

High-income
OECD
Countries

1961 -
2004

Panel
Cointegration
Test, FMOLS,
DOLS, Panel

Granger
Causality Test

CO2,
GDP

1. A long-run equilibrium
relationship between GDP and
CO2.

2. In the long-run and short-
run;

GDP — CO2 for panel study.
3. For individual study;

GDP — CO2 except for
Norway.
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1. The EKC hypothesis tested
and not confirmed for Iran.

2. For Iran;

GDP — CO2

2. For subgroups of countries
with HGR (High Average
VAR Model Economic Growth Rate) and
1990 - | with the micro CO2, ROW (The Rest of the World
2004 panel GDP Countries);

application GDP — CO2 (a heterogeneous
one-way causality relationship
from GDP to CO2)

3. HGR and ROW group of
countries should cooperate to
meet international goals for
CO2 emissions.

Saleh, Abedi, World Bank
and Abedi Member
(2014) Countries

*Notes: The direction of arrow shows the way of causality

Dinda and Coondoo (2006) examined the causality relationship between CO2 and GDP for a panel of
88 countries for the period between 1960 and 1990 with Engle—Granger Methodology of Panel
Cointegration Test, Error Correction Model (ECM) methodologies. They found no cointegration
relationship between CO2 and GDP. They found bidirectional causality relationship between GDP and CO2
for the country-group of Africa, unidirectional causality running from GDP to CO2 for the country-group
of Central America and unidirectional causality running from CO2 to GDP for the country-group of Europe.

Wang (2012) examined the relationship between CO2 and GDP for a panel of 98 countries for the
period between 1971 and 2007 with Dynamic Panel Threshold Model (DPTM) methodology. Wang (2012)
found that GDP negatively impacts CO2 in the low economic growth regime and GDP positively impacts
CO2 in the medium economic growth regime.

Ugak, Aslan, Yucel and Turgut (2015) studied the relationship between CO2 and GDP for a panel of
high-income OECD countries for the period between 1961 and 2004 with panel cointegration test, FMOLS,
DOLS, panel granger causality test methodologies. They found that there was a long-run equilibrium
relationship between CO2 and GDP, unidirectional causality running from GDP to CO2 for panel countries
in the long-run and short-run, and unidirectional causality running from GDP to CO2 for individual
countries except Norway.

Saleh, Abedi, and Abedi (2014) examined bidirectional causality relationship between CO2 and GDP
for a panel of world bank member countries for the period between 1990 and 2004 with VAR Model with
the micro panel application methodology.

Latifa, Yang and Xu (2014) studied income-environment nexus in Algeria for the period between 1965
and 2009 with ARDL, granger causality test and VECM methodologies. They found co-integrating
relationship between CO2 and GDP, and unidirectional causality relationship from GDP to CO2 in the
short-term and long-term.

Saboori, Sulaiman and Mohd (2012b) investigated causal relationship between CO2 and GDP in
Malaysia for the period between 1980 and 2009 with ARDL and granger causality test based on VECM
methodologies. They found a long-run relationship between CO2 and GDP, no causal relationship between
CO2 and GDP in the short-run and unidirectional causality relationship running from GDP to CO2.

Mrabet, Achairi and Ellouze (2014) examined the two-way relationship between CO2 and GDP for the
period between 1980 and 2009 with VAR model methodology. They found positive bidirectional causality
between CO2 and GDP.
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TABLE 8
CO2 — GDP NEXUS - SINGLE-COUNTRY STUDIES

Author(s) Sample Period Methodology Variables Results
1. Long-term co-integrating
relationship
Latifa, 1965 - ‘él:;)nL: co2 between CO2 and GDP.
Yang and Algeria 2009 Causali tg Test GDP’ 2. The EKC Relationship is verified
Xu (2014) & VE%M both in short-term and long-term.
3. In the long-term and short-term;
GDP — CO2.
1. Tests and confirms the EKC
ARDL, Granger hypothesis both in long-run and
Saboori, Causality test ;hort-run mn Mala)ism. .
Sulaiman | 1980- based CO2, | gtongrun relationship befween
and Mohd Malaysia 2009 on Vector Error GDP GDP and CO2 emissions.
. 3. In the short-run;
(2012b) Correction CO2 % GDP
Model(VECM) 4. In the long-run;
GDP — CO2
1. The EKC Relationship is not
Ai\l/f;?rl;e;;l d 1980 - co2 verified because monotonically
Ellouze Tunisia 2009 VAR Model GDI; positive relationship between GDP
(2014) and CO2.
2. GDP < CO2 (Positive)

CO2-GDP Nexus With Explanatory Variables

Causality relationships and long-term and short-term relationships between CO2 and GDP are
discussed with addition of explanatory variables such as PLT, 1A, ISQ, TDS, UBZ, HCD, value added in
service sector (VASC), ETS, ITT, EL, EML, VEH, FCT and FIDN in the literature with panel and single-
country studies. Different countries and time periods are taken into consideration in the literature review
for CO2-GDO nexus with explanatory variables.

For panel studies, Apergis and Ozturk (2015) tested the EKC hypothesis for a panel of 14 asian
countries between CO2, GDP, PLT, 1A and ISQ variables for the period between 1990 and 2011 with panel
co-integration tests and panel GMM methodologies. Osabuohien, Efobi and Gitau (2014) tested the EKC
hypothesis for a panel of 50 african countries between CO2, GDP, GDP22, ISQ and TDS variables for the
period between 1995 and 2010 with panel cointegration approach, vector autoregressive technique and
PDOLS methodologies. They found a long-run relationship between CO2, GDP, GDP2, ISQ and TDS.

Liu, Yan and Zhou (2016) examined relationships between CO2, GDP and UBZ (built-up and urban
population) for a panel data of 31 provinces in China at the national and regional level for the period
between 1997 and 2010 with panel cointegration test, panel causality analysis, granger causality test based
on VECM, FMOLS and DOLS methodologies. They found that in the long-run in China there were
bidirectional relationships between UBZ (built-up) and CO2 and GDP, in the long-run in Eastern and
Central China there was unidirectional causality running from UBZ (built-up) and GDP to CO2, and there
was a long-term relationship between urbanization (built-up), GDP and CO2 in China.
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TABLE 9

CO2 — GDP NEXUS WITH EXPLANATORY VARIABLES- PANEL STUDIES

Author(s) Sample Period Methodology Variables Results
CO02, GDP,
PLT, IA, ISQ
Panel Co- (POh.tl.c al
Apergis integration Stability,
14 Asian 1990 - Government 1. The EKC Relationship is
and Ozturk . Tests, Panel . . .
Countries 2011 Effectiveness, | verified for panel countries.
(2015) GMM Quality of
Methodology ty
regulation,
Control of
corruption)
€02, GDP, 1. "ljhe EKC Belatlonshlp is
Panel verified. Validates the EKC
. . GDP2, ISQ . .

. Cointegration hypothesis in Africa.
Osabuohien Approach (Rule of Law, 2. A long-run relationshi
,Efobiand | 50 African | 1995- pproach, Regulatory s A ong P

. . Vector . exists between CO2
Gitau Countries 2010 . Quality, .. .
Autoregressive emissions and particulate
(2014) - Government ..
Technique & Effectiveness) matter emissions and GDP,
PDOLS > | square of GDP, institutional
TDS .
quality and trade.
1. An inverted N-shaped
relationship between CO2
emissions and economic
growth in China, not
supporting the EKC
hypothesis. The EKC
Panel Relationship is not verified.
cointegration 2. In the long-run in China;
test, Panel UBZ (Built-Up) < GDP
. causall'ty CO2, GDP, UBZ (Built-Up) «— CO2
Liu, Yan analysis, . GDP « CO2
. 1997 - UBZ (Built-up .
and Zhou China 2010 Granger Area. Urban 3. In the long-run in
(2016) causality test Po l;la tion) Eastern and Central China;
based on vector P UBZ (Built-Up) < GDP
correction 4. In the short-run in
model (VECM), Eastern and Central China;
FMOLS, DOLS UBZ (Built-Up) — CO2
GDP — CO2
5. Long-term equilibrium
relationship between
urbanization (built-up),
economic growth, and CO2
emissions in China.
Fisher-type 1. A long-run equilibrium
Johansen ICT relationship exists among
cointegration . these variables (ICT, CO2
X (Information
Lee and Nine 1991 - test, Fully Communication and GDP).
Brahmasre | Members of 2009 Modified OLS, Technology) 2. ICT development shows a
ne (2014) ASEAN Canonical &) | highly significant positive
. . CO02, GDP, .
Cointegrating HCD effect on economic growth
Regression & and CO2 emissions
Dynamic OLS 3. Significant to highly
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significant inverse
bidirectional relationships
between economic growth
and CO2 emissions. As
GDP increases CO2
decreases. As CO2 increases
GDP decreases.

4. ICT leads to an increase
in CO2 emissions.

TABLE 10
CO2 - GDP NEXUS WITH EXPLANATORY VARIABLES- SINGLE-COUNTRY STUDIES

Author(s) Sample Period Methodology Variables Results
1. Test and rejects the EKC
hypothesis for Austria.
Friedl and Cointegration 2. Structural changes like
Getzner Austria 11996909' Test, OLS G;)g’éCS(éZ, increasing value added in the
(2002) method ’ service sector or higher imports
ratio are weakly influential on
CO2.
Tests for Unit
Root, Co-
. Ed
inte(g}ration, and "1[DCSO—2> GIﬁ’DP
Pandey India 1961 - Caus‘:;i':g";'es « | €O2,GDP, | SC— GDP
(2016) 2010 Baved gn a TDS, SC | 2. In the short-run;
Error- TDS « CO2
Correction GDP — SC
Model
1. The EKC Relationship is
Yazdi and ARDL & verified.
Mastorakis Iran 1975 - Grangfer CO2, GDP, | 2.
(2014) 2011 Causality UBZ,ETS | ETS — CO2
Analyses UBZ — CO2
GDP - CO2
Johansen 1. EKC not confirmed for
Boopen and 1975 - Cointegration (I:{“)"lz“’ %I));’ > | Mauritus.
Vinesh Mauritus 2009 test & VAR EL ’EML’ 1. CO2 —~ GDP
(2011) Model & OLS PLi‘ VEIi 2. Level of secondary education —
method ’ CO2 (Negatively)
1. The EKC hypothesis tested and
not confirmed for Nigeria. No
evidence of EKC in Nigeria.
Fractional 2. Positive linear relationship
Alege and 1970 - Integration & CO2, GDP, | between GDP and CO2 emissions.
Ogundipe Nigeria 2011 Co-Intesration ISQ, TDS, | 3. No long-run relationship
(2013) £ PLT between variables.

Analysis

4. Positive relationship between
FIDN, TDS and CO2 emissions.
5.1SQ and PLT decreases CO2
emissions.
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Lee and Brahmasrene (2014) investigated relationships between ICT, GDP and CO2 for a panel of Nine
Members of ASEAN for the period between 1991 and 2009 with fisher-type johansen cointegration test,
fully modified OLS, canonical cointegrating regression and dynamic OLS methodologies. They found a
long-run relationship between ICT, GDP and CO2, inverse bidirectional causality between GDP and CO2,
and ICT leads to an increase in CO2.

For single-country studies, Friedl and Getzner (2002) tested the EKC relationship and examined
relationship between CO2 and GDP in Austria for the period between 1960 and 1999 with Cointegration
Test and OLS methodologies. They found VASC and TDS had weak impact on CO2.

Pandey (2016) studied short-run and long-run causality relationships between CO2, GDP, SC and TDS
for the period between 1961 and 2000 in India with tests for unit root, co-integration, and granger-causality
tests based on error-correction model methodologies. Pandey (2016) found unidirectional causality running
from CO2, TDS and SC to GDP, and in the short-run bidirectional causality between TDS and CO2 and
unidirectional causality running from GDP to SC.

Yazdi and Mastorakis (2016) studied CO2, GDP, UBZ and ETS in order to investigate the determinants
of CO2 in Iran for the period between 1975 and 2011 with ARDL approach and granger causality analyses
methodologies. They found unidirectional causality running from ETS, UBZ and GDP to CO2.

Boopen and Vinesh (2011) examined determinants of CO2 by analyzing GDP, ITT, TDS, EL, EML,
PLT and VEH in Mauritus for the period between 1975 and 2009 with johansen cointegration test, VAR
model and OLS methodologies. They found bidirectional causality between CO2 and GDP and negative
unidirectional causality running from level of secondary education to CO2.

Alege and Ogundipe (2013) studied the relationship between CO2 and GDP in Nigeria between CO2,
GDP, ISQ, TDS and PLT for the period between 1970 and 2011 with fractional integration and co-
integration analysis methodologies. They found no long-run relationship between variables, positive linear
relationship between CO2 and GDP, and institutional quality and population density impacted CO2
negatively.

Shahbaz, Jam, Bibi and Loganathan (2016) investigated relationships between CO2, GDP, ETS and
FCT in Portugal for the period between 1971 and 2011 with ARDL bounds testing approach, VECM
granger causality approach and innovative accounting approach (IAA) methodologies. Shahbaz, Jam, Bibi
and Loganathan (Shahbaz, Jam, et al., 2016) found unidirectional causality running from GDP and FCT to
CO2 and bidirectional causality between ETS and CO2. While GDP and ETS increased CO?2 in the long-
run, FCT reduced CO2 in the long-run. Shahbaz, Jam, Bibi and Loganathan (Shahbaz, Jam, et al., 2016)
suggested that authorities should invest in renewable energy and energy efficiency technologies.

TABLE 10 CONTINUED

Author(s) Sample Period Methodology Variables Results
1. Variables are cointegrated for
long run relationship.
2. Economic growth and energy
intensity increase CO2 emissions.
ARDL, VECM 3. In the long-run;
Granger ETS < CO2
Causality GDP — ETS
Shahbaz Portugal 1971 - Approach & CO2, GDP, | GDP — CO2 (Authorities should
(2016a) 2011 Innovative ETS, FCT | explore environment friendly
Accounting sources of energy for example
Approach wind, solar and other renewable
(IAA) energy sources as well as
implementation of energy efficient
technology)
FCT — ETS
FCT — CO2 (Financial
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development condenses CO2
emissions)

4. In the short-run;

GDP < ETS

ETS < CO2

GDP « CO2

FCT # ETS

FCT # CO2

FCT £ GDP

1. A long-run cointegrating
relationship between CO2, SO2

C()Ji?lltl;l Ilrss:"tlilon and GDP.
g 2. An inverted U relationship
Analysis, VAR ..
between SO2 emissions and GDP
Fodha and Model, ECM, . .
. 1961 - CO2,S02, | representing EKC hypothesis.
Zaghdoud Tunisia Short-run . . .
2004 GDP 3. A monotonically increasing
(2010) Granger . .
. relationship between GDP and
causality, Long- CcO2
ex;u:ngialzes ¢ 4. In the long-run and short-run;
genetty GDP — SO2
GDP — CO2
1. The EKC hypothesis tested and
confirmed for Turkey by
quadratic specifications. The EKC
Relationship is confirmed.
2. A long-term relationship exists
Johansen among economic growth (GDP),
Cointegration carbon dioxide emission (CO2)
test, The and FIDN.
Granger 3. In the long-run;
]z;‘:)':’s")y Turkey | S0t" | Causality Test | €92 PP | FIDN o cO2
& VAR Model GDP — CO2
& OLS GDP — FIDN
Regression 4. GDP and CO2 have a positive
Model significant effect in FIDN on the

long-run.

5. GDP have a negative minor
effect on CO2 in the long-run.

6. FIDN has a a significant positive
impact on CO2 in the long-run.

Notes: # means there is no causal relationship between the variables.

Fodha and Zaghdoud (2010) examined relationships between CO2, SO2 and GDP in Tunisia for the
period between 1961 and 2004 with johansen cointegration analysis, VAR Model, ECM, short-run granger
causality and long-run weak exogeneity test methodologies. They found unidirectional causality running
from GDP to SO2 and CO2. They discovered EKC relationship between SO2 and GDP.

Balibey (2015) tested EKC hypothesis and investigated causal relationships between CO2, GDP and
FIDN in Turkey for the period between 1974 and 2011 with johansen Cointegration test, the granger
causality test, VAR model and OLS regression methodologies. Balibey (2015) found unidirectional
causality running from GDP to FIDN and CO2, and bidirectional causality between FIDN and CO?2 in the

long-run.
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Energy-Emissions Nexus

Energy consumption and carbon dioxide emissions nexus is widely investigated in the literature. In this
part of the literature review, panel studies and single-country studies are examined for energy consumption
and carbon dioxide emissions nexus to examine the outcomes of the studies for causality relationships and
long-term and short-term relationships between energy consumption and carbon dioxide emissions with
additional explanatory variables.

S. Wang, Fang, Guan, Pang and Ma (2014) investigated relationships between CO2, ERG and UBZ for
a panel of 30 Chinese provinces for the period between 1995 and 2011 with panel data model, panel pedroni
co-integration test, DOLS model and panel granger causality test based on VECM methodologies. They
found positive bidirectional causality between CO2 and ERG in the long-run and in the short-run for panel
provinces.

Gurig (2016) studied the relationship between CO2 and end-use sector energy consumption, which are
transportation, industrial, commercial and residential sectors, for the period between 1990 and 2011 with
threshold VECM methodology. Giiris (2016) found that relationship between CO2 and ERG was different
for each sector and according to that Giiris (2016) suggested that authorities should take into consideration
sectoral differences for policy implications to reduce CO2 emissions.

TABLE 11
ERG - CO2 NEXUS - PANEL STUDIES

Author(s) Sample Period | Methodology Variables Results
Panel Data
Model, Panel 1. In the long-run;
S. Wang Pedroni Co- UBZ < ERG (Positive)
.Fang ? China (30 integration UBZ < CO2 (Positive)
Guan P;mg Chinese 1995 - Test, DOLS CO2, ERG, | ERG <« CO2 (Positive)
’ . 2011 Model, Panel UBZ 2. In the short-term;
and Ma Provinces) Granger CO2 o UBZ
(2014) causality test ERG « CO2
based on UBZ — ERG
VECM
TABLE 12
ERG — CO2 NEXUS - SINGLE-COUNTRY STUDIES
Author(s) Sample Period Methodology Variables Results
CO2, ERG
(Transport | 1. Relationships between CO2
1990:01 to ation, and end-use sector energy
Giiris United 201°1. 01 Threshold Industrial, | consumption are different for
(2016) States (Mon t-hly) VECM Commercia | each sector. Policy makers should
I and take into consideration sectoral
Residential | differences in order to reduce
Sectors) CO2.

Energy-Income Nexus

Chontanawat, Hunt and Pierse (2008) investigated causal relationship between energy consumption
and CO2 in 100 countries for OECD countries between 1960 and 2000, and non-OECD countries between
1971 and 2000 with johansen co-integration test, granger causality test coupled with FPE methodologies.
They found unidirectional causality running from EC to GDP in 21 OECD countries and 36 non-OECD
countries.
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TABLE 13
ERG - GDP NEXUS - MULTI-COUNTRY STUDIES

Author(s) Sample Period Methodology | Variables Results
Cmil[:?ries 19(6(;)]£C2]0)00 Johansen Co-
. Integration 1. ERG — GDP for 21
Chontanawat, (30 OE@ Countries) Test, Granger GDP, OECD countries
Hunt and Countries | & 1971 - Causality ERG | 2. ERG — GDP for 36 non-
Pierse (2008) and 70 Non- | 2000 (Non- Test coupled OECD countries
OECD OECD with FPE
Countries) Countries)

Emissions-Income-Energy Nexus
CO2-GDP-ERG Nexus

One of the research focuses in the literature for emissions, income and energy variables is emissions-
income-energy nexus. Four hypotheses, which are neutrality hypothesis, conservation hypothesis, growth
hypothesis and feedback hypothesis are tested for GDP-ERG relationship. The EKC relationship is also
tested under this research focus. CO2-GDP-ERG nexus also takes into consideration additional explanatory
variables to investigate the relationships between CO2, GDP and ERG. Relationships between CO2, GDP
and ERG are investigated by panel studies, multi-country studies and single-country studies in the literature.

For multi-country studies, Esso and Keho (2016) found unidirectional causality running from GDP to
CO2 for Benin, Democratic Republic of Congo, Ghana, Nigeria and Senegal, unidirectional causality
running from CO2 to GDP for Gabon, Nigeria and Togo, and bidirectional causality between GDP and
CO2 for Nigeria in the short-run. They also found bidirectional causality between GDP and CO2 for Congo
and Gabon, unidirectional causality running from ERG to CO2 for Benin, Congo, C"ote d’Ivoire, Gabon,
Ghana, Nigeria, Senegal, South Africa and Togo, and unidirectional causality running from GDP to CO2
for Benin, Congo, C*ote d’Ivoire, Gabon, Ghana, Nigeria, Senegal, South Africa and Togo in the long-run.

Acaravci and Ozturk (2010) found unidirectional causality running from GDP and GDP2 to CO2 were
found for Denmark, Italy and Greece in the short-run. In the short-run, bidirectional causality between GDP
and ERG, and GDP2 and ERG were found for Switzerland. In the long-run, unidirectional causality running
from ERG, GDP and GDP2 to CO2 were found for Denmark, Germany, Greece, Iceland, Italy, Portugal
and Switzerland.

TABLE 14
MULTI-COUNTRY STUDIES
Author(s) Sample Period Methodology Variables Results
1. The EKC hypothesis tested
TAR Model & and not confirmed for all high-
Momentum level and some middle-level
Pilatowska, 14 EU Threshold knowledge advanced
. . CO2, .
Wilodarczyk Countries 1960 — Autoregressive GDP economies.
and Zawada Except 2010 (MTAR) Model ERG, 2. The EKC hypothesis is valid
(2015) Germany & Non-Linear for all high-level and some
Threshold middle-level knowledge
Cointegration advanced economies (Belgium
and France).
12 selected Gra.nger 1. In the l(.mg-run, energy
Causality Test, CO2, consumption and economic
Esso and Sub-Sahara 1971 - . . . .
. Cointegration GDP, growth are associated with
Keho (2016) African 2010 . - . .
. Bounds Testing ERG increase in atmospheric
Countries C . .
Approach pollution in most countries.

Journal of Strategic Innovation and Sustainability Vol. 16(1) 2021 101



(Relationship-have positive
effect on CO2 emissions)

2. Cointegrating relationships
between the three variables for
all the countries.

3. In the short-run;

GDP — CO2 (Benin,
Democratic Republic of Congo,
Ghana, Nigeria and Senegal)
CO2 — GDP (Gabon, Nigeria
and Togo)

GDP « CO2 (Nigeria)

4. In the long-run;

GDP < CO2 (Congo and
Gabon)

ERG — CO2 (Benin, Congo,
C”ote d’Ivoire, Gabon, Ghana,
Nigeria, Senegal, South Africa
and Togo)

GDP — CO2 (Benin, Congo,
C*ote d’Ivoire, Gabon, Ghana,
Nigeria, Senegal, South Africa
and Togo)

Acaravci
and Ozturk
(2010)

19 European
Countries

1960 -
2005

ARDL, Error-
Correction
Based Granger
Causality Model

Cco2,
GDP,
ERG

1. The EKC Relationship is
verified for Denmark and Italy.
2. In the long-run for
Denmark, Germany, Greece,
Iceland, Italy, Portugal and
Switzerland;

ERG — CO2

GDP — CO2

GDP2 — CO2

3. In the short-run for
Denmark and Italy;

GDP — CO2

GDP2 — CO2

4. In the short-run for Greece
and Italy;

GDP — ERG

GDP2 — ERG

5. In the short-run for
Switzerland;

GDP «~ ERG

GDP2 < ERG

6. A long-run relationship
between variables for the
countries of Denmark,
Germany, Greece, Iceland,
Italy, Portugal and
Switzerland.

Magazzino
(2016)

Armenia,
Azerbaijan,
Georgia and

Turkey

1992 -
2013

ARD, Gregory
and Hansen
cointegration
test with breaks,
Toda and
Yamamoto test,

Cc02,
GDP,
ERG

1. For Armenia, Conservation
hypothesis holds.

GDP — ERG

GDP — CO2

2. For Azerbaijan and Georgia,
both “feedback hypothesis”
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the standard and “growth hypothesis” holds.
Granger test GDP — ERG (Feedback
Hypothesis)
ERG — GDP (Growth
Hypothesis)
3. No causality link is found for
Turkey, “neutrality
hypothesis” holds. Energy use
does not affect economic
growth, or vice versa.

1. The EKC relationship is
verified for Pakistan and
Turkey.
2. In Bangladesh;
GDP — ERG
3. In Egypt;
C02 — GDP
4. In Indonesia;

Shahbaz, Tme-varvin Cco2 GDP — CO2

Mabhalik, Next 11 1972 - Granng g GDP’ 5. In the Philippines;

Shah and Countries 2013 Causality ERG’ ERG — GDP
Sato (2016) 6. In Pakistan;
C02 —- GDP
7. In Turkey,
GDP — ERG
GDP — CO2
8. In South Korea,
ERG < GDP
9. In Vietnam,
GDP — ERG

1. The existence of a clear long-
run relationship between
variables only for Oman.
2. Growth Hypothesis holds
for three countries (Kuwait,
Oman, and Qatar).
ERG — GDP
3. Conservation Hypothesis
holds for Bahrain.
GDP — ERG
4. Feedback Hypothesis holds
for Saudi Arabia.
GDP < ERG
5. Neutrality Hypothesis holds
for United Arab Emirates.
GDP # ERG

Johansen
Cointegration
Procedure,
Six Gulf Gregory and
Magazzino Cooperat.ion 1960 - .Hansen. CO2,
(2016b) Council 2013 Cointegration GDP,
(GCCO) Test, Toda and ERG

countries Yamamoto
Causality Test,
Granger Non-

Causality Test

Magazzino (2016) examined relationships between CO2, GDP and ERG in Armenia, Azerbaijan,
Georgia and Turkey for the period between 1992 and 2013 with ARDL bounds test, Gregory and Hansen
cointegration test with breaks, Toda and Yamamoto test, the standard granger test methodologies.
Magazzino (2016) verified conservation hypothesis for Armenia, and also verified feedback hypothesis and
growth hypothesis for Azerbaijan and Georgia, and neutrality hypothesis for Turkey.

Shahbaz, Mahalik, Shah and Sato (2016) investigated the direction of causality between CO2, GDP
and ERG in Next 11 countries for the period between 1972 and 2013 with time-varying granger causality
methodology. Shahbaz, Mahalik, Shah and Sato (2016) found unidirectional causality running from GDP
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to ERG for Bangladesh and Vietnam, unidirectional causality running from CO2 to GDP for Egypt and
Pakistan, unidirectional causality running from ERG to GDP for South Korea and Philippines,
unidirectional causality running from GDP to CO2 in Indonesia and unidirectional causality running from
GDP to ERG and CO2 in Turkey.

Magazzino (2016b) examined relationships between CO2, GDP and ERG in six gulf cooperation
council (GCC) countries for the period between 1960 and 2013 with johansen cointegration procedure,
gregory and hansen cointegration test, Toda and Yamamoto causality test and granger non-causality test
methodologies. Magazzino (2016b) confirmed the long-run relationship between the variables only for
Oman and growth hypothesis only for Kuwait, Oman and Qatar. Magazzino (2016b) verified conservation
hypothesis for Bahrain, feedback hypothesis for Saudi Arabia and neutrality hypothesis for United Arab
Emirates.

For panel studies, Gmidene, Zaidi and Ghorbel (2016) examined the causal relationships between
renewable energy, nuclear energy consumption, economic growth, and CO2 emission with panel
cointegration techniques & granger causality test methodologies. They concluded that authorities should
invest in renewable energy to reduce CO2 emissions and decrease nuclear energy to reduce CO2 emissions.
Arouri, Youssef, M henni and Rault (2012) studied the relationships between GDP, CO2 and ERG in 12
MENA countries for the period between 1981 and 2005 with panel cointegration test and panel error
correction model (ECM) methodologies. They found unidirectional causality running from ERG to CO2 in
the short-run. Anastacio (2017) tested the EKC hypothesis between CO2, GDP and ERG for North
American countries which were Canada, United States, Mexico, for the period between 1980 and 2008 with
panel pedroni cointegration tests, panel granger causality analysis and VECM model methodologies.
Anastacio (2017) unidirectional causality running from ERG and GDP to CO2 in the long-run. Mercan and
Karakaya (2014) studied the causal relationships between CO2, GDP and ERG for a panel of Eleven OECD
countries and Brazil for the period between 1970 and 2011 with panel cointegration test with multiple
structural breaks methodology. They found that variables were cointegrated, ERG affected CO2 positively
and GDP affected CO2 negatively.

Panel studies are analyzed according to neutrality hypothesis, conservation hypothesis, growth
hypothesis and feedback hypothesis in the literature. Farhani and Rejeb (2012) and Asongu, Montasser and
Toumi (2015) verified neutrality hypothesis for 15 Mena countries and 24 African countries respectively
in the short-run. Magazzino (2016) verified neutrality hypothesis for South Caucasus area and Turkey.

Ozcan (2013), Gao and Zhang (2014), Chen et al. (2016) and Kais and Mbarek (2017) verified
conservation hypothesis in the short-run for 12 middle east countries, 14 sub-sahara African countries,
developed countries out of 188 countries and three North Africa countries respectively in their studies.
Farhani and Rejeb (2012), Asongu, Montasser and Toumi (2015) and Wang et al. (2011) verified
conservation hypothesis in the long-run for 15 Mena countries, 24 African countries and China respectively.

Alom (2014) confirmed growth hypothesis for Bangladesh, India, Pakistan, Sri Lanka and Nepal in the
short-run. Magazzino (2014) tested growth hypothesis for six Asean countries and verified.

Chen et al. (2016), Wang et al. (2011), Dritsaki and Dritsaki (2014) and Apergis and Payne (2009)
verified feedback hypothesis for developing countries out of 188 countries, China, and Greece, Spain and
Portugal, and six Central American countries respectively in the short-run. In China, Wang et al. (2016a)
and Wang et al. (2016b) confirmed feedback hypothesis. Gao and Zhang (2014), Dritsaki and Dritsaki
(2014) and Kais and Mbarek (2017) verified feedback hypothesis for 14 sub-sahara African countries,
Greece, Spain and Portugal, and three North African countries respectively in the long-run.
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TABLE 15

PANEL STUDIES
Author(s) Sample Period Methodology Variables Results
1. All variables are found to
be cointgrated.
2. In the short-run;
C02 < GDP
CO2 — Renewable Energy
Consumption
Renewable Energy
Consumption — GDP
CO02, GDP, Nuclear Energy
Panel ERG Consumption — GDP
Gmidéne, . . (Renewable 3. In the long-run;
- OECD cointegration
Zaidi and Selected 1980 - techniques & Energy CO2 - GDP
Ghorbel . 2013 q Consumption, | CO2 < Nuclear Energy
Countries Granger .
(2016) Causality Test Nuclear Consumption
y Energy CO2 < Renewable Energy
Consumption) | Consumption
GDP — Renewable Energy
Consumption
4. Authorities should invest
in renewable energy to
reduce CO2 and authorities
also should decrease nuclear
energy consumption to
reduce CO2 as well.
1. The EKC Relationship is
Panel . .
cointesration fest verified at the regional-level
Arouri et 12 MENA | 1981 - and Pganel error CO02, GDP, but not verified at the
al. (2012) countries 2005 . ERG country-level.
correction model
(ECM) 2. In the short-run;
ERG — CO2
Westerlund 1. The EKC Relationship is
panel .
cointegration not verified.
Ozcan 12 g;l ;dtdle 1990 - test, Panel C02, GDP, é;ri’m:l;lﬁ)ét-run;
(2013) . 2008 FMOLS, Panel- ERG
Countries Based Error 3. In the long-run;
Correction ERG — CO2
Model GDP — CO2
1. The inverted U-shaped the
Pedroni Panel EKC hypot!les’ls exists in the
Cointegration SSA countries’ case. The
EKC Relationship is
and Panel vector verified
Gao and 14 sub- error correction 2 In th(; short-run:
7h Sahara 1980 - modelling C02, GDP, y >
ang African | 2009 methods ERG GDP — CO2
bl
(2014) GDP — ERG
(SSA) FMOLS &
CO2 # ERG
DOLS, Panel .
Engel-Granger 3. In the long-run;
Causality Test ERG ~ GDP
y ERG < CO2
GDP « CO2
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4. In the long-run, ERG has
a statistically significant
positive impact on CO2.
1. In the short-run;
ERG # GDP
Panel Unit Root ERG # CO2
Tests, Panel 2. In the long-run;
Cointegration GDP — ERG
Farhani Methods & CO2 — ERG
and Rejeb 15 MENA 1973 - | Pedroni, Kao and C0O2, GDP, 3. A panel long- run
2012) Countries 2008 Johansen Panel ERG equilibrium relationship
Causality Tests, between these three
FMOLS & variables, meaning that
DOLS energy consumption, real
approaches income (GDP), and the CO2
emissions move together in
the long run.
1. Long-run relationships
between GDP, ERG and
CO2 for all countries.
2. In the short-run for
developed countries;
GDP — ERG
ERG does not cause GDP
3. For developing countries;
ECM Panel ggg I ERG
cointegration and as negative effec.t on
Vector error- GDP and GDP has positive
Chen et al. 188 1993 - correction model CO2, GDP, effect on ERg
(2016) Countries 2010 D . i ERG 3. In the long-run
ynamic Panel relationship;
Granger > .
Causality ERG affects GDP negatively
in the whole world and
developing countries.
4. In the short-run for
developing and develoed
countries;
ERG — CO2
GDP — CO2
CO2 has negative effects on
GDP
1. Long run relationship
between energy
consumption, CO2 emissions
Pedroni's Panel and GDP.
Asongu, Cointegration 2. In the long-run;
Montasser | 24 African | 1982 - Test, Panel coz,gpp, | PP —ERG
. . ARDL CO02 — ERG
and Toumi | Countries 2011 ERG .
2015) Approach, 3. In the short-run; .
Granger GDP # CO2 Neutrality
Causality Test Hypothesis holds No
causality between energy
consumption and economic
growth.
Alom Banglades 1972 - Panel unit root CO2, GDP, 1. Stable long-term
(2014) h, India, 2010 tests, Panel ERG relationship between all
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Pakistan, cointegration these variables.
Sri Lanka methods and 2. In the short-run;
and Nepal Panel causality ERG — GDP
test ERG — CO2
Panel Pedroni 1. 'ljhe EKC Relationship is
Cointegration verlfie(‘l for North Ame.rlca
Canada, Tests. Panel countries (Canada, United
Anastacio United 1980 - Gra’n or C0O2, GDP, States and Mexico).
(2017) States, 2008 Causagli ty ERG 2. In the long-run; for North
Mexico Analysis, VECM American Countries
Mo,del ERG — CO2
GDP — C02
1. The EKC Relationship is
not verified. Does not
support EKC Relationship.
Pedroni Panel 2. The long-run cointegrated
cointegration relationships between the
test, Panel three vari-
Granger ables.
Wa;;glelt) al. China 12909057_ Causality Test & CO]%:’R((;}DP’ 3. In the short-run;
panel vector CO2 < ERG
error correction GDP « ERG
modeling 4. In the long-run;
techniques ERG— CO2
GDP — CO2
CO2 — ERG
GDP — ERG
VECM &
Granger
Causality Test & 1. Long-run relationship
Tmpulse between the variables
Wang et al. . 1990 - Response C0O2, GDP, :
(2016a) China 1 5012 Analysis & ERG 2. GDP — ERG
Johansen's 3. ERG - CO2
L 4. GDP # CO2
multivariate
cointegration
tests
Panel Pedroni 1. A long-run positive
Cointegration relationship between
Wang et al. China 1995 - Test, Panel CO2, GDP, variables.
(2016Db) 2012 Granger ERG 2. GDP < ERG (Positive)
Causality Test 3. CO2 < ERG (Positive)
based on VECM 4. ERG — CO2 (Positive)
1. Cointegration relationship
Mercan Eleven Panel l():%vzveen GDP, ERG and
and OECD 1970 - | cointegration test CO02, GDP, .
Karakaya | countries | 2011 | with multiple ERG zmlfsl:gn“sf;"gftsg;
(2014) & Brazil structural breaks 3. GDP affects CO2
emissions negatively.
Panel 1. In the short-run;
Dritsaki Greece Cointegration CO2 - GDP
and Spain al’l d 1960 - Methods, Panel C0O2, GDP, C0O2 < ERG
Dritsaki Por tl,l al 2009 Causality Test, ERG GDP « ERG
(2014) g FMOLS, DOLS, 2. In the long-run;
Panel Engle- CO2 — ERG
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Granger C0O2 — GDP
Causality Test, ERG < GDP
ECM 3. A long-run relationship
between ERG, GDP and
CO2 emissions. They are
moving together in the long
run.
Six
ASEAN Panel VAR
Countries technique, IRF
(Brunei, (Impulse
Magazzino | Indonesia, | 1971 - Response CO2, GDP, 1. "Growth Hypothesis”
(2014) Malaysia, 2007 Function) & VD ERG holds. ERG — GDP
Singapore, (Variance
Thailand, Decomposititon)
Philippines Analysis
)
1. EKC is verified.
. Panel 2. In the long-run;
Apergis Six cointegration ERG « CO2
and Payne Central 1971 - test. Panel error C0O2, GDP, 3. In the short-run;
American 2004 " ERG ERG — CO2
(2009) C . correction model,
ountries FMOLS GDP — CO2
ERG < CO2
ERG < GDP
South Panel-Data
Magazzino | Caucasus 1992 - . C0O2, GDP,
(2016¢) areaand | 2013 A““’(l:,ef%ss“’“ ERG 1. GDP # ERG
Turkey Methodology
1. In the long-run;
ifl’:‘engerla?izn ERG < GDP
Kais and Three Analysis ERG — CO2
North 1980 - C0O2, GDP, 2. In the short-run;
Mbarek . (FMOLS and .
African 2012 ERG GDP — ERG. Conservation
(2017) . DOLS), Granger .
countries . hypothesis holds.
Causality &
Panel VECM GDP — CO2
ERG — CO2

For single-country studies, Ghosh, Alam and Osmani (2014) studied the relationships between CO2,
GDP and ERG in Bangladesh for the period between 1972 and 2011 with johansen and juselius
cointegration test and VAR error correction model methodologies. They found that ERG had a significant
positive impact on GDP and CO2 had an insignificant negative impact on GDP in the long-run. Amri (2017)
examined the relationships between CO2, GDP and ERG (renewable and non-renewable energy) in Algeria
for the period between 1980 and 2011 with ARDL with break point model methodology. Amri (2017) found
that renewable energy consumption had an insignificant impact and non-renewable energy had significant
impact on CO2 emissions. Saboori and Soleymani (2011) investigated the long-run relationship between
CO2, GDP and ERG based on EKC hypothesis in Iran for the period of 1971 and 2007 with ARDL bounds
test for cointegration methodology. They concluded that ERG had a significant positive impact on CO2
emissions in the long-run. Magazzino (2016d) examined the relationships between CO2, GDP and ERG in
Italy for the period between 1970 and 2006 with vector autoregressive framework, Toda and Yamamoto
granger non-causality test, johansen and juselius cointegration test and standard granger causality analysis
methodologies. Magazzino (2016d) concluded that CO2, ERG and GDP were not cointegrated and there
were unidirectional causality running from CO2 to ERG and GDP.
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Bozkurt and Akan (2014) studied the relationships between CO2, GDP and ERG in Turkey for the
period between 1960 and 2010 with johansen-juselius cointegration test, VEC (Vector Error Correction)
model and impulse-response analysis methodologies. Bozkurt and Akan (2014) found that variables were
cointegrated, CO2 had a negative impact on GDP and ERG had a positive impact on GDP. Yavuz (2014)
investigated the long-run relationship between CO2, GDP and ERG in Turkey for the period between 1960
and 2007 with Johansen cointegration test, the Gregory and Hansen cointegration test methodologies.
Yavuz (2014) found that CO2, ERG and GDP were cointegrated.

Single-country studies are analyzed according to neutrality hypothesis, conservation hypothesis,
growth hypothesis and feedback hypothesis in the literature. Tiwari (2011) confirmed neutrality hypothesis
in India in the long-run and short-run, and Albiman, Albiman, Suleiman and Baka (2015) confirmed
neutrality hypothesis in Tazmania. Chebbi and Boujelbene (2008) confirmed conservation hypothesis in
Tunisia in the short-run. Mbarek, Ali and Feki (2014) verified conservation hypothesis in Tunisia. Hussain,
Javaid and Drake (2012) confirmed conservation hypothesis in Pakistan, and Amin, Ferdaus and Porna
(2012) and Magazzino (2015) confirmed conservation hypothesis in Bangladesh and Israel respectively.
Ang (2007) and Lotfalipour, Falahi and Ashena (2010) verified conservation hypothesis in France and Iran
respectively in the long-run. Tanga and Tan (2016) verified conservation hypothesis in Cambodia by
concluding that there were unidirectional causality running from GDP to oil energy consumption and
primary energy consumption.

Ang (2007) and Nain, Ahmad and Kamaiah (2017) confirmed growth hypothesis in the short-run in
France and for aggregated level sector, industrial sector, domestic sector and commercial sector in India.
Nain, Ahmad and Kamaiah (2017) confirmed growth hypothesis in India in the long-run.

Kuo, Kanyasathaporn and Lai (2014) verified feedback hypothesis in Hong Kong.

TABLE 16
SINGLE-COUNTRY STUDIES
Author(s) Sample Period Methodology Variables Results
1. The EKC Relationship is
not verified.
Johansen and 2. ERG has a positive and
Juselius significant impact on
Ell:gs(h)’sil?;? 1972 - Cointegration CcoO2, GDP, economic growth for long-
(2014) Bangladesh | 2011 Test & VAR ERG term relationship.
Error Correction 3. Carbon emission has a
Model negative and insignificant
effect on economic growth
for long-term relationship.
1. The EKC Relationship is
verified but estimated GDP
turning point is not within
ARDL with C0O2, GDP, exan.nnfed perlf)d.
. . 1980 - . ERG (Non- 2. Significant impact of
Amri (2017) Algeria Break Point
2011 Model renewable & | non-renewable energy
Renewable) consumption on CO2 and
non-significant impact of
renewable energy
consumption on CO2.
Johansen 1. GDP # CO2
Amin cointegration 2. GDP— ERG
’ 1976 - | method, Granger C0O2, GDP, 3. ERG —-CO2
Ferdaus and | Bangladesh . . .
2007 Causality & ERG 4. Long run cointegration
Porna (2012) A .
Multivariate among the variables.
Vector Error 5. Policy Implication -
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Correction

Economic growth in

Model Bangladesh can be achieved
without degrading the
quality of the environment
6. Tests and Does Not
Confirm the existence of an
environmental Kuznets
curve for Bangladesh.

1. The EKC Relationship is
verified.
2. GDP — Primary Energy
Consumption
3. GDP — Oil Energy
Consumption
Toda and €02, GDP, 3. Long-run relationship
Yamamoto . between GDP, energy
. ERG (Primary .
Tanga and Cambodia 1980 - | testing method, Consumption consumption and CO2.
Tan (2016) 2010 Granger non- Oi > | 4. GDP < CO2
. il . .
causality test and Consumption) 5. Oil and primary energy

ARDL consumptions increase

CO2.
6. Energy consumption and
CO2 have no impact on
GDP in the long-run.
7. CO2 has negative impact
on GDP in the short-run.
Johansen
Cointegration 1. In the long-run;
Test, ARDL GDP — CO2
Ang (2007) France 12906(?0- Bounds Test, COé,R(éDP, GDP — ERG
ECM-Based 2. In the short-run;
Granger ERG — GDP
Causality Test
1. CO2 — ERG
C02 — GDP
2. GDP < ERG
Johansen’s co- 3. A long-run equilibrium
Kuo, integration relationship exists between
Kanyasathap Hone Kon 1965 - technique, C0O2, GDP, these variables.
orn and Lai g €1 2010 Granger ERG 4. Rapid implement of
(2014) Causality Test, renewable energy, energy

VECM efficiency and technological
diversification of energy
sources should be carried
out by authorities.

1. Long-run relationship
among the variables
ARDL Bounds concerned at boTh
Nain, Test & aggrega.te and disaggregate
Ahmad and . 1971 - TheToda— C02,Gpp, | levels: (in all the sectors
Kamaiah India 2011 Yamamoto ERG included in the study,
(2017) Causality Tests namelyz ag.rlcultu‘r g
& VECM Model domestic, industrial and

commercial, and also at the
aggregated level)
2. In the short-run at the
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aggregated level & the
industrial sector;

ERG — GDP

3. In the short run and in
the long run for domestic
and commercial sectors;
ERG — GDP

4. In all sectors and at the
aggregated level in both
short-run and long-run;
C02 — GDP

5. At the aggregated level in
the short-run and long-run;
ERG < CO2

6.At the sectoral level (in
agriculture and domestic
sectors)

ERG — CO2

ERG # CO2 (In Industrial
Sector)

CO2 — ERG (In
Commercial Sector)

7. Short-run causal
relationship among the
variables is not uniform
across sectors.

Johansen &
Juselius
C;;g:%ﬁg;i“ 1. In the short-run;
Gr,anger €02 - GDP
approach Energy consumption does
(VECM not Granger-cause GDP
framework) GDP does npt Granger-
o Dolado an d’ cause CO2 in the short-run.
Tiwari India 1971 -1y Gikepohl®s co2,Gpp, | FRG—CO2
(2011) 2005 C02 — ERG
approach, VEC ERG GDP does not
Lag Exclusion G co2
Wald Tests, IRF rangereauses
(Impuls,e emissions
Response é];lll) the éogg-run;
Function) & VD -
(Variance ERG — CO2
Decomposititon)
Analysis
1. In the long-run;
COL PP | ERG - CO2
(Petroleum Natural Gas Consumption
Lotfalipour, Products I_’:: tf(gezum Products
Falahi and 1967 - | Toda-Yamamoto | Consumption, C i CO2
Ashena Iran 2007 Method Natural Gas onsumpron — %7
(2010) Consumption GDP — T(?tal Fossil Fuels
and Total Consumption
Fossil Fuels GDP — Petroleum .
Consumption) Products Consumption
GDP — CO2
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Petroleum Products
Consumption — CO2
Gas Consumption — CO2
Total Fossil Fuels
Consumption # CO2
GDP — ERG

1. Does not support EKC

Saboori anfi 1971 - ARDL bounds €02, GDP, hypothesis for Iran.
Soleymani Iran 2007 test for ERG 2. In the long-run;
(2011) cointegration ERG has a positive and
significant impact on CO2.
1. GDP — ERG
Johansen and Conservation hypothesis
Juselius verified as an increase in
Magazzino 1971 - Cointegration C02, GDP, GDP causes an ipcrease in
(2015) Israel 2006 Test, Toda and ERG energy conumption.
Yamamoto & 2. CO2 — GDP
Granger non- GDP — ERG
causality Tests 3. Long-run relationship
between these variables.
Vector
Autoregressive
Framework,
Toda and
Yamamoto 1. CO2 emissions, energy
Magazzino 1970 - Grang.er non- C02, GDP, consumption and economic
Italy causality test, growth are not
(20164) 2006 ERG .
Johansen and cointegrated.
Juselius 2. CO2 - GDP
cointegration CO2 < ERG
test, Standard
Granger
causality analysis
1. The EKC Relationship is
not verified. Tests and
- J.ohansen- Co- €02, GDP, rejects !EKC re!ationship
Hussain, 1971 integration, ERG for Pakistan. Linear
Javaid and Pakistan to VECM and (Commercial relationship is observed
Drake (2012) 2006 Granger Energy Use) between GDP and CO2.
causality tests Y 2. CO2 < ERG
3.GDP — CO2
GDP — ERG
1. No causality relationship
running from energy
Toda and consumption and carbon
. Yamamoto non- emission toward economic
Albiman, Causality test. growth (no unidirectional
Suleiman Tanzania 1975 - Impulse , €02, GDP, causality from carbon
and Baka 2013 ERG LY :
(2015) Respopse and emission and economic
Variance growth to the energy
Decomposition consumption).
2. GDP — CO2
ERG — CO2
Chel?bi and N 1971 - J'ohanselg €02, GDP, 1. GDP al{d emergy
Boujelbene Tunisia 2004 Cointegration ERG consumption are positively
(2008) Test, Johansen & related in the long-run.
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Juselius 2. CO2 emissions and
Cointegration energy consumption are
Test, Generalized positively related in the
Impulse long-run.
Response 3. In the short run,
Functions GDP — ERG
(GIRF)
Mbarek, Ali Granger
and Feki Tunisia 1293(;]9- Causality Test & COé,R(éDP, 1. ERG < CO2
(2014) VAR Model 2. GDP — ERG
Johansen- 1. CO2 fnffect negatively
Juselius economic growth.
. . 2. A long-term relationship
Bozkurt and Turke 1960 - Cointegration C0O2, GDP, between variables
Akan (2014) y 2010 Test, VEC ERG .
3. ERG has a positive
Model, Impulse- . .
response analysis impact on economic
growth.
Johansen 1. The EKC hypothesis
cointegration tested and not confirmed
1960 - Cc02, GDP, for Turkey.
Yavuz (2014) Turkey 2007 test, the Gregory ERG 2. A long-run relationship
and Hansen -
cointesration test between CO2 emissions,
g ERG and GDP.

CO2-GDP-ERG Nexus With Explanatory Variables

CO2-GDP-ERG-URZ. Wang, Li and Fang (2017) examined the relationships between CO2, GDP,
ERG and UBZ for a panel of 170 Countries (Global Panel, High-Income, Upper-Middle-Income, Lower-
Middle-Income and Low-Income) for the period between 1980 and 2011 with panel data modelling, panel
cointegration test, panel granger causality test based on VECM, impulse response and variance
decomposition analysis methodologies. Variables were found cointegrated for all country groups such as
global panel, high-income, upper-middle-income, lower-middle-income and low-income. Wang, Li and
Fang (2017) verified conservation hypothesis for upper-middle-income country group in the long-run and
short-run, and feedback hypothesis for high-income and low-income country groups in the long-run and
short-run. Wang, Li and Fang (2017) also confirmed growth hypothesis for lower-middle-income country
group in the long-run and feedback hypothesis for lower-middle-income country group in the short-run.

TABLE 17
CO2-GDP-ERG-UBZ FOR PANEL STUDIES
Author(s) Sample Period Methodology Variables Results
170 Panel Data 1. Variables are cointegrated for
Countries Modelling all of the income-based country
9
(Global Panel groups. '
Panel, Cointesration 2. In the long-run for High-
High- Test %’anel income econonmies;
9
Wang, Li Income, Granger ERG <~ GDP
and Fang Upper- 1980 - causality test €02, GDP, | CO2 — GDP
2017) Middle- 2011 based on the ERG, UBZ | CO2 — ERG
Income, VECM, impulse UBZ — ERG
Lower- i UBZ — GDP
Middle- rei‘;i?:;cind 3. In the short-run for High-
Income and . income economies;
Low- decompos.ltlon CO2 < GDP
Income) analysis ERG < GDP

Journal of Strategic Innovation and Sustainability Vol. 16(1) 2021 113



CO2 — ERG

UBZ — CO2

4. In the long-run and short-run
for upper-middle economies;
CO2 < ERG

5. In the long-run for upper-
middle economies;

GDP — CO2

GDP — ERG

UBZ — CO2

UBZ — ERG

6. In the short-run for upper
middle economies;

GDP — ERG

URZ — ERG

7. For upper middle economies;
GDP # UBZ

8. In the long-run and short-run
for lower-middle-income
countries;

CO2 «< ERG

9. In the long-run for lower-
middle-income countries;
CO2 «~ UBZ

GDP — CO2

ERG — GDP

UBZ — GDP

10. In the short-run for lower-
middle-income countries;
GDP « ERG

GDP — CO2

UBZ — CO2

UBZ — ERG

11. In the long-run and short-run
for low-income economies;
CO2 < ERG

CO2 — GDP

ERG <~ GDP

GDP «~ UBZ

12. In the long-run for low-
income economies;

UBZ — CO2

13. In the short-run for low-
income economies;

UBZ <~ CO2

CO2-GDP-ERG-TO-UBZ

Destek, Balli and Manga (2016) studied the relationships between CO2, ERG, GDP, TDS and UBZ for
a panel of Central and Eastern European Countries (CEECs) for the period between 1991 and 2011 with
panel cointegration method, FMOLS, DOLS and panel VECM granger causality method methodologies.
Destek, Balli and Manga (2016) verified feedback hypothesis in the short-run and long-run.

Kasman and Duman (2014) examined the causal relationships between CO2, GDP, ERG, TDS and
UBZ for a panel of 15 countries for the period between 1992 and 2010 with panel data analysis
methodology. Kasman and Duman (2014) confirmed feedback hypothesis and found bidirectional causality
between CO2, ERG, GDP and TDS.
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TABLE 18

CO2-GDP-ERG-TO-URZ FOR PANEL STUDIES

Author(s) Sample Period Methodology Variables Results
1. The EKC hypothesis holds for
Panel Fhese .countries. EKC Relationship
Cointegration is verified.
Central Method, ‘éélzl the (s;lll)ol:t-run;
Destek, and PN
Balh and Eastern 1991 - FMOLS, €02, GDP, ERG <~ GDP
DOLS, Panel ERG, UBZ,
Manga European 2011 VECM TDS TDS < GDP
(2016) Countries Granger 3. URZ #CO2
(CEECs) Causality 4. In the long-run;
Method GDP < C02
ERG « GDP
ERG < CO2
1. The EKC Relationship is
verified
- an inverted U-shaped
relationship between environment
and income for the sampled
Kasman 15 1992 - Panel Data €02, GDP, countries
and Duman . . ERG, TDS,
(2014) countries 2010 Analysis UBZ 2. GDP « CO2
GDP < ERG
GDP < TDS
CO02 < ERG
CO2 « TDS
ERG < TDS

Saboori, Sulaiman and Mohd (2016) investigated the long-run and short-run relationships between
CO2, GDP, ERG and TDS in Malaysia for the period between 1980 and 2008 with ARDL methodology.
Saboori, Sulaiman and Mohd (2016) found that ERG and UBZ had positive impact on CO2 emissions in
the long-run, and trade had a negative impact on CO2 emissions in the long-run and short-run. Their
conclusions support factor endowment hypothesis (FEH).

Shahbaz et al. (2015) tested EKC hypothesis and the causal relationships between CO2, GDP, ERG,
TDS and UBZ in Portugal for the period between 1971 and 2008 with ARDL and granger causality test
methodologies. Shahbaz et al. (2015) found that variables were cointegrated, there was unidirectional
causality running from GDP to CO2 in the long-run and TDS had a positive impact on CO2 emissions in
the long-run. Shahbaz et al. (2015) suggested that authorities should carry out policies compatible with
Kyoto Protocol in order to reduce CO2 emissions.
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TABLE 19
CO2-GDP-ERG-TDS-UBZ FOR SINGLE-COUNTRY STUDIES

Author(s)

Sample

Period

Methodology

Variables

Results

Saboori,
Sulaiman
and Mohd

(2010)

Malaysia

1980 -
2008

ARDL
Methodology

C02, GDP,
ERG, TDS,
UBZ

1. The EKC Relationship is verified
in the long-run.

2. ERG and UBZ have positive
effects on CO2 emissions in the long
run.

3. Trade has a negative effect on
CO2 emissions in both short and
long runs. Supports the FEH
(Factor Endowment Hypothesis).

Shahbaz et
al. (2015)

Portugal

1971 -
2008

ARDL &
Granger

Causality Test

CO2, GDP,
ERG, TDS,
UBZ

1. Long run relationship between
ERG, GDP, TDS, UBZ and CO2.

2. The EKC hypothesis tested and
confirmed in both short-run and
long-run.

3. In the long-run;

GDP — CO2

4. An increase in ERG and UBZ
leads to an increase in CO2 in the
short-run and long-run.

5. TDS has positive impact on CO2
in the long run. Increase in
international trade leads to increase
in CO2.

6. Authorities in Portugal should
clarify the policies to comply with
Kyoto Protocol in order to reduce
CO2 emissions.

CO2-GDP-ERG-PLT

Alama et al. (2016) tested the EKC hypothesis for Brazil, China, India and Indonesia for the period
between 1970 and 2012 with and verified for Brazil and Indonesia the long-run and short-run and for China
in the long-run.

TABLE 20
CO2-GDP-ERG-PLT FOR MULTI-COUNTRY STUDIES
Author(s) Sample Period Methodology Variables Results
1. EKC is verified for Brazil and
Brazil, ARé):;, Z::EM’ Indonesia in both long and short
Alama et China, | 1970 - Haimyl C02, GDP, | run.
al. (2016) India and 2012 cointesration ERG, PLT | 2. EKC is verified for China only
Indonesia a rgoach in long-run.
PP 3. EKC is not verified for India.

Zoundi (2017) investigated the impacts of ERG on CO2 emissions in the long-run and short-run for a
panel of 25 countries for the period between 1980 and 2012 with panel cointegration approach and
robustness tests methodologies. Zoundi (2017) found that CO2, GDP, ERG and PLT were cointegrated,
renewable energy had a negative impact on CO2 in the short-run and increasing impact in the long-run, but
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primary energy consumption exceeds the negative effect of renewable energy by increasing CO2 emissions.
Zoundi (2017) suggested that authorities should invest more in renewable energy.

TABLE 21
CO2-GDP-ERG-PLT FOR PANEL STUDIES
Author(s) Sample Period Methodology Variables Results
1. The EKC Relationship is
not verified. Tests and Does
not Confirm the existence of
an environmental Kuznets
curve.
2. Variables are cointegrated
COZ(’P?iElI;’rERG and there is a long-run
Panel Energyy relationship between
Zoundi 25 1980 - Cointegration Consumption & variables. .
. 3. Renewable energy, with a
(2017) countries 2012 Approach and Renewable nesative effect on CO2
Robustness tests Energy gati . .
Consumption) emissions, and increasing
PLT > | impact in the long run but

outweighted by the effect of
primary energy consumption.
More efforts should be done
by authorities to spread
renewable energy across
Africa.

CO2-GDP-ERG With Many Explanatory Variables

Iwata, Okada and Samreth (2012) tested EKC hypothesis and examined the impact of nuclear energy
on CO2 emissions for 11 OECD countries with ARDL methodology. They found that ERG had a positive
impact on CO2 in most of 11 OECD countries, trade had an insignificant impact on CO2 and nuclear energy
did not have a significant negative impact on CO2 in most of 11 OECD countries.

TABLE 22
CO2-GDP-ERG WITH MANY EXPLANATORY VARIABLES FOR
MULTI-COUNTRY STUDIES

Author(s) Sample Period Methodology | Variables Results
1. Does not support the EKC
hypothesis for 11 OECD countries.
2. In most countries, energy
Iwata, 02 GDP conélé)nzlptiop l.las a positive impact
. , | on emissions.
Okadaand | 11 OEC.D Country ARDL ERG, TDS, | 3. The impact of trade is not
Samreth Countries Based ES tatisticallv sienificant on CO2
2012) statistically significant on
emissions.
4. In most countries, nuclear
energy do not reduce CO2
significantly.

Can & Gozgor (2016) tested EKC hypothesis in France for the period between 1964 and 2011 with
cointegration test of maki, DOLS, ECM, granger causality test & block exogeneity wald test methodologies.
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Can & Gozgor (2016) found that energy consumption had a positive impact on CO2 in the long-run and
GDP suppressed CO?2 in the long-run.

Munir and Khan (2014) examined the impact of ERG on CO2 in Pakistan for the period between 1980
and 2010 with johansen cointegration approach and VECM methodologies. Munir and Khan (2014) found
that TDS, IA, GDP, ITT, PLT and MET had a positive impact on CO2 in the long-run and ERG, FCT and
MIT had a negative impact on CO2 in the long-run.

Ahmed and Long (2013) examined the relationships between CO2, GDP, ERG, TDS and PLT in
Pakistan for the period between 1971 and 2008 with cointegration analysis with ARDL methodology.
Ahmed and Long (2013) confirmed EKC hypothesis between CO2, GDP, ERG, TDS and PLT.

Farhani and Ozturk (2015) studied the causal relationships between CO2, GDP, ERG, FCT, TDS and
UBZ in Tunisia for the period between 1971 and 2012 with ARDL, ECM and granger causality
methodologies. Farhani and Ozturk (2015) found that there were unidirectional causality running from
GDP, ERG, FCT, TDS and UBZ to CO2 and unidirectional causality running from CO2, GDP, ERG, TDS
and UBZ to FCT in the long-run. Farhani and Ozturk (2015) also found that there were unidirectional
causality running from CO2, GDP, ERG and TDS to FCT, unidirectional causality running from GDP,
ERG and UBZ to CO2, and unidirectional causality running from CO2, GDP and ERB to TDS in the long-
run.

For panel studies, Omri (2013) and Dogan, Seker and Bulbul (2015) confirmed feedback hypothesis
for 14 MENA countries and OECD countries respectively.

TABLE 23
CO2-GDP-ERG WITH MANY EXPLANATORY VARIABLES FOR PANEL STUDIES
Author(s) Sample Period Methodology Variables Results
Cobb-Douglas
production
function, Panel
GMM Method
(Generalized C02, GDP,
Method of ERG, TDS,
Omri 14 MENA 1990 — Moments), Panel FCT,UBZ, | 1. ERG < GDP
(2013) Countries 2011 Data Analysis, two- PLT, CST 2. ERG — CO2
stage least squares (Capital
(2SLS), three stages | Stock), EML
least squares
(3SLS),
simultaneous-
equation models
1. The EKC hypothesis is
not verified as the sign of
coefficients on GDP and
multiplier €02, GDP, g The e,xister:lce of ay ion -
Dogan, bootstrap panel GDP2, ERG, r;m relationship be twee;gl
Seker and OECD 1995 - cointegration, TDS, TT .
Bulbul | Countries | 2010 DOLS the analysed variables.
. ’ They move together in the
(2015) Dumitrescu—Hurlin y g
Panel Granger long-run.
Causality Test 3. GDP < CO2
ERG < CO2
TT — CO2
TDS — CO2
GDP «~ ERG
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GDP - TT
GDP - TT
TT — ERG
TDS — ERG
TDS — TDS

For single-country studies, Dogan and Turkekul (2016) confirmed conservation hypothesis for USA in
the long-run and short-run. Ozturk and Acaravci (2016) verified growth hypothesis for Malta and
Alkhathlan, Alam and Javid (2012) confirmed neutrality hypothesis for Saudi Arabia.

TABLE 24
CO2-GDP-ERG WITH MANY EXPLANATORY VARIABLES FOR
SINGLE-COUNTRY STUDIES

Author(s) Sample Period Methodology Variables Results
1. Cointegation between variables
ARDL and only for Malta. No cointegration
Error €02, for Cyprus
Ozturk and . GDP, )
Acaravei Cyprus, 1980 - correction- ERG 2. Malta;
(2016) Malta 2006 based Granger TDS, C0O2 — GDP
Causality EMI: ERG — GDP
Models TDS — GDP
EML — GDP

1. The EKC hypothesis tested and
confirmed for France. (There is an
inverted U relationship between

”(l;:;:l:)(}g;;;:{()in income and CO2 emissions in
DOLS. E CM’ France) The EKC Relationship is
Can & 1964 - Gra’nger > C0O2, verified in France both in short-
Gozgor France 2011 Causality Test GDP, run and long-run.
(2016) & Blg,ck ERG, ETS | 2. Positive impact of ERG on CO2
Exogeneity emissions is also observed in the
Wald Test long run. (relationship)
3. A higher economic complexity
suppresses CO2 emissions in the
long run. (relationship)
1. The EKC Relationship is
verified.
2. ERG negatively affects CO2 in
the long-run.
CO2, 3. IA positively affects CO2 in the
Johansen GDP, long-run. .
Munir and ) 1980 - Cointegration ERG, IA, | 4. TDS positively affects CO2 in
Khan (2014) Pakistan 2010 Approach and FCT, the long-run. .
VECM TDS, PLT, | 5. FCT reduces CO2 in the long-

MET, run.
MIT, ITT | 6. GDP, ITT, PLT and MET
positively affect ERG in the long-
run.
7. MIT negatively affect energy
consumption in the long-run.
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1. Do not support EKC in a short-

C0O2, run, whereas the long-run inverted
Ahmed and . 1971 - GDP, U shaped hypothesis was
Long (2013) Pakistan 2008 ARDL ERG, confirmed between carbon
TDS, PLT | emission and growth, ERG, TDS
and PLT.

Alkhathlan, Saudi 1980 - | ARDL, VECM, CcO2, 1. The EKC hypothesis does not
Alam and Arabia 2008 ECM based GDP, hold in the case of Saudi Arabia.
Javid (2012) Granger ERG, 2. CO2 emissions, ERG, and EML

Causality test EML have positive and significant
impacts on GDP in the long run.
3. In the short-run;
Neither CO2 emissions nor ERG
cause GDP.
EML — GDP
4. A long run relationship between
economic growth, ERG and the
EML exist in Saudi Arabia.
5. Neutrality hypothesis holds. No
causal relationship exist between
economic growth and ERG.
6. ERG <~ EML
Farhani and Tunisia 1971 - ARDL, ECM, C0O2, 1. The EKC relationship is not
Ozturk 2012 Granger GDP, verified. A positive monotonic
(2015) Causality ERG, relationship between real GDP and
Method FCT, CO2 emissions.
TDS, UBZ | 2. In the long-run;

GDP — CO2
ERG — CO2
FCT — CO2
TDS — CO2
UBZ — CO2
CO2 — FCT
GDP — FCT
ERG — FCT
TDS — FCT
UBZ — FCT
3. In the short-run;
GDP — CO2
ERG — CO2
UBZ — CO2
CO2 — FCT
GDP — FCT
ERG — FCT
TDS — FCT
C0O2 — TDS
GDP — TDS
ERG — TDS
UBZ — TDS
4. A long-run relationship between
variables.
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Katircioglu
(2017)

Turkey

1960 -
2010

DOLS, Granger
Causality Test,
Maki
cointegration
test, ECM

CO2,
GDP,
ERG, OIC
(Oil Price)

1. Does not Confirm the oil-
induced EKC hypothesis in the
case of Turkey. Supports the EKC
hypothesis for Turkey.

2. C0O2, GDP, OIC and ERG
Turkey are in long term
equilibrium relationship.

3. In the short-run;

ERG — OIC

Dogan and
Turkekul
(2016)

USA

1960 -
2010

ARDL, VECM
Granger
Causality Test

Cco2,
GDP,
ERG,
GDP2,
TDS,
UBZ, FCT

1. Does not support the
validity of the environmental
Kuznets curve (EKC) hypothesis
for the USA.

1. In the long run, energy
consumption and urbanization
increase environmental
degradation while financial
development

has no effect on it, and trade leads
to environmental
improvements.

2. In the short-run;

C02 < GDP

C02 < ERG

CO2 «~ UBZ

GDP « UBZ

GDP < TDS

GDP — ERG

TDS — UBZ

FCT <~ TDS

FCT — GDP

UBZ — FCT

CO2#TDS

CO2#FCT

ERG # TDS

ERG # FCT

ERG # UBZ

3. In the long-run;

GDP — CO2

ERG — CO2

UBZ — CO2

TDS — CO2

FCT — CO2

C02 — ERG

GDP — ERG

TDS — ERG

UBZ — ERG

FCT — ERG

CO2 — UBZ

GDP — UBZ

ERG — UBZ

TDS — UBZ

FCT — UBZ

C02 —» FCT

GDP — FCT

ERG — FCT
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TDS — FCT

UBZ — FCT

4. In the long-run relationship
between CO2, GDP, GDP2, ERG,
UBZ, TDS, and FCT exist.

CO2-GDP-ERG-FIND

For panel studies, Linh and Lin (2015) examined the causal relationships between CO2, GDP, ERG
and FIDN for a panel of 12 most populous Asian countries for the period between 1980 and 2010 with
johansen cointegration test, panel granger causality test, VECM and OLS methodologies. Linh and Lin
(2015) confirmed conservation hypothesis in the short-run and feedback hypothesis in the long-run. Kim
(2015) studied the causal relationships between CO2, GDP, ERG and FIDN for a panel of Asian newly
industrialized countries, which were Republic of Korea, Singapore and Taiwan, for the period between
1971 and 2011 with VECM and panel granger causality test methodologies. Kim (2015) found that there
were unidirectional causality running from GDP, inward FIDN and outward FIDN to CO2 and
unidirectional causality from CO2 to ERG in the short-run. Kim (2015) also found that FIDN had a
significant impact on CO2 for panel countries, and there were unidirectional causality running from GDP,
ERG, inward FIDN and outward FIDN to CO2 in the long-run.

Pao and Tsai (2011) studied the impact of GDP and FIDN on CO2 for panel countries of Brazil, Russia,
India and China for the period 1980 and 2007 (for Russia, 1992 —2007) with panel cointegration framework
and panel causality test methodologies. Pao and Tsai (2011) found that there were unidirectional causality
running from ERG to CO2 and from GDP to FIDN in the short-run. Unidirectional causality running from
CO2 to FIDN and GDP in the short-run, and unidirectional causality running from ERG to FIDN and GDP
in the short-run were confirmed. Bidirectional causality between CO2 and FIDN was verified in the study.
Chen and Huang (2013) investigated the causal relationships between CO2, GDP, ERG, FIDN and UBZ
for panel countries of Next Eleven Countries for the period between 1981 and 2009 with Cointegration in
heterogeneous panels and panel causality test methodologies. Chen and Huang (2013) found that there were
unidirectional causality running from FIDN and GDP to UBZ, unidirectional causality running from CO2
and UBZ to electric power consumption, and unidirectional causality running from CO2 and ERG to GDP.

TABLE 25
CO2-GDP-ERG-FIDN FOR PANEL STUDIES
Author(s) Sample Period | Methodology Variables Results
1. Supports the EKC. Japan's
EKC is not different from 12
most populous Asian countries
'(MPCA12) EKC.
2. In the short-run;
CO02 < ERG
12 most Johansen GDP < FIDN (inflow)
Cointegration GDP — CO2
Linh and p‘l’f'?"’“s 1980- | Test, Panel | CO2,GDP, | GDP — ERG
Lin (2015) cous:fr‘;es 2010 Granger ERG, FIDN | CO2 # FIDN
(MPCA12) Causality Test, FIDN # ERG
VECM, OLS GDP (Japan) # CO2 (MPCA12)
GDP (Japan) < FIDN (inflow)
(MPCA12)
3. In the long-run;
ERG « GDP
FIDN < GDP
CO02 — ERG
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CO0O2 - GDP
CO2 — FIDN
FIDN — ERg
CO2 (MPCA12) — CO2 (Japan)
FIDN (MPCA12) — GDP (Japan)
ERG (MPCA12) <> GDP (Japan)
GDP (MPCA12) < GDP (Japan)
1. The EKC Relationship is
verified.
2. Long run cointegrated
relationship between CO2, ERG,
GDP and FIDN.
3. In the short-run;
GDP — CO2
VECM & Inward FIDN — CO2
Kim (2015) ANICs 12907111- Panel Granger ]gl?é’ gII]))I;\’I Outward FIDN — CO2

Causality Test ’ CO2 — ERG

4. In the long-run;

GDP — CO2

ERG — CO2

Inward FIDN — CO2

Outward FIDN — CO2

5. FIDN has a significant impact
on CO2 in the region.

For single-country studies, Ozturk and Oz (2016) investigated the relationships between CO2, GDP,
ERG and FIDN in Turkey for the period between 1974 and 2011 with cointegration method and granger
causality analysis methodologies. Ozturk and Oz (2016) confirmed growth hypothesis in Turkey. Ozturk
and Oz (2016) found that there were bidirectional causalities between CO2, FIDN and GDP in the short-
run and long-run. Ozturk and Oz (2016) also found that there was bidirectional causality between FIDN
and ERG in the long-run and short-run.

TABLE 25 CONTINUED

Author(s) Sample Period Methodology Variables Results

1. The EKC Relationship is
verified. Supportive of the
EKC hypothesis, with
emissions increasing with
real output, stabilizing, and
then declining.
2. Long-run equilibrium
1980 - Panel relationship between

2007 Cointegration emissions,
(Russia Framework & lgl?(z}’ gg)ll’\} ERG, FIDN and real output
-1992 - | Panel Causality ’ for the panel BRIC

2007) Test countries.
3. In the short-run;
ERG — CO2
GDP — FIDN
CO02 < FIDN
C02 « GDP
ERG < FIDN
ERG < GDP

Brazil,
Pao and Russia,
Tsai (2011) | India and

China
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4. In the long-run;
CO2 < FIDN

Chen and
Huang
(2013)

Next
Eleven
Countries

1981 -
2009

Cointegration in
Heterogeneous
Panels and
Panel Causality
Test

C02, GDP,
ERG (Energy
Use, Electric
Power
Consumption),
UBZ, FIDN

1. In the short -run;
CO2 < Electric Power
Consumption

CO2 — GDP

URZ — Electric Power
Consumption

Energy Use — GDP
FIDN — UBZ

GDP — UBZ

2. Positive long-run

relationship among CO2

emissions, Electric power
consumption, Energy use
and GDP.

TABLE 26
CO2-GDP-ERG-FIDN FOR SINGLE-COUNTRY STUDIES

Author(s) Period Results

1. The EKC Relationship is
verified in the long-term and
short-term.

2. Long term relationship between
the variables.

3. In the short-run;

CO2 < FIDN

CO2 — GDP

CO2 — ERG

ERG — GDP

GDP —FIDN

ERG < FIDN

4. In the long-term;

CO2 - GDP

CO2 < FIDN

GDP « FIDN

FIDN < ERG

5. ERG — GDP; Growth
hypothesis holds

Sample Methodology Variables

Cointegration
Method and
Granger
Causality
Analysis

Q_ztiirk and
0z (2016)

1974 -
2011

CO02, GDP,

Turkey ERG, FIDN

CO2-GDP-ERG-TDS

Akin (2014) studied the impact of ERG, TDS and GDP on CO2 for a panel of 85 countries for the
period between 1990 and 2011 with pedroni, kao and johansen fisher panel co-integration tests, FMOLS &
DOLS, panel granger causality test and ECM methodologies. Akin (2014) confirmed conservation
hypothesis in the long-run and short-run, and found that TDS had a negative impact CO2 in the short-run
and decreased CO2 after a threshold level. Mallick and Tandi (2015) confirmed that CO2, GDP, ERG and
TDS were cointegrated for a panel of selected SAARC countries which were Bangladesh, India, Nepal,
Pakistan, and Sri Lanka.
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TABLE 27
CO2-GDP-ERG-TDS FOR PANEL STUDIES

Author(s) Sample Period Methodology Variables Results
1. In the short-run;
GDP « TDS
GDP — TDS2
GDP — CO2
GDP — ERG
C02 - TDS
CO2 — TDS2
2. Long run relationship between
Pedroni, Kao the variables.
and Johansen 3. In the long-run;
Fisher panel co- | CO2, GDP, | GDP — CO2
85 1990 — integration ERG, TDS, | TDS — CO2
Akin (2014) Countries 2011 tests, FMOLS TDS2 ERG — CO2
& DOLS, Panel | (Square of | GDP — ERG
Granger TDS) TDS — ERG
Causality Test, CO2 — ERG
ECM TDS2 — CO2
TDS — ERG
4. The increase of production and
ERG enhance the CO2 emission. 5.
The increase of TDS affect the
CO2 emission positively in short
term, then the increase of TDS will
decrease the CO2 emission after a
threshold level.
1. Long-run relationship between
CO2, ERG, GDP and TDS.
Selected 2. The EKC Relationship is not
SAARC verified for Selected SAARC
R countries in the long-run.
countries Panel o .
Mallick | (Bangladesh. Cointegration 3. In individual analysis, EKC
. . | 1972 - CO2, GDP, | Relationship is verified for
and Tandi India, 2010 Test & Fully ERG. TDS | Bansladesh and Sri Lank
(2015) Nepal, Modified Least ’ g adesh and sSri Lanka.
Pakistan Square 3. GDP leads -to loner CoO2.
and Sri ’ Negative relationship between
Lanka) GDP and CO2.
4. Higher GDP2 leads to higher
CQO2. Positive relationship between
GDP2 and CO2.

For single-country studies on CO2-GDP-ERG-TDS, Jalil and Mahmud (2009) found no causality
between TDS and CO2, while Palamalai, Siddanth and Prakasam (2015) found unidirectional causality
running from TDS to CO2 in the short-run and long-run.

Saboori, Sulaiman and Mohd (2012a) found that TDS had a positive significant impact on CO2 in the
long-run, while Ahmed and Qazi (2014) concluded that TDS had an insignificant impact on CO2 in the
long-run and Shahbaz, L.ean and Shabbir (2012) concluded that TDS reduced CO2 in the long-run.

Ahmed and Qazi (2014) and Shahbaz, Lean and Shabbir (2012) found that TDS had an insignificant
impact on CO?2 in the short-run, while Saboori, Sulaiman and Mohd (2012) found that TDS had a negative
significant impact in the short-run.
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Uddin, Bidisha and Ozturk (2016) confirmed conservation hypothesis in Sri Lanka in the long-run.
Palamalai, Siddanth and Prakasam (2015) confirmed feedback hypothesis for coal consumption and
electricity consumption in the long-run and conservation hypothesis for crude oil consumption and natural
gas consumption in the long-run. Palamalai, Siddanth and Prakasam (2015) also confirmed conservation
hypothesis for coal consumption, electricity consumption and natural gas consumption in the short-run and
feedback hypothesis for crude oil consumption in the short-run.

TABLE 28
CO2-GDP-ERB-TDS FOR SINGLE-COUNTRY STUDIES

Author(s)

Sample

Period

Methodology

Variables

Results

Jalil and
Mahmud
(2009)

China

1975 -
2005

ARDL

C02, GDP,
ERG, TDS

1. EKC is verified. Quadratic
relationship between income and
CO2 emission for the sample
period.

2. In the long-run;

GDP — CO2

ERG — CO2

TDS # CO2

Palamalai,
Siddanth
and
Prakasam
(2015)

India

1970 -
2012

Gregory and
Hansen
cointegration
test, Granger
causality test
based on
VECM and
Variance

CO02, GDP,
ERG (Coal,
Crude Oil,
Electricity
and Natural
Gas), TDS

1. In the long-run;

Coal consumption — GDP

Coal consumption <~ CO2

GDP « CO2

GDP — Crude Oil Consumption
GDP — TDS

GDP — Natural Gas Consumption
GDP — TDS

TDS — Coal consumption

TDS — GDP

TDS — CO2

TDS — Electricity Consumption
Crude Oil Consumption < TDS
Electricity Consumption < GDP
Electricity Consumption — CQO2
Natural Gas Consumption < TDS

3. In the short-run;

GDP — Coal consumption

GDP — Electricity Consumption
GDP — Natural Gas Consumption
CO02 — GDP

CO2 — TDS

TDS — GDP

TDS — CO2

Crude Oil Consumption < GDP
Crude Oil Consumption — TDS

Decomposition
Analysis

STUDIES FOR THE EKC HYPOTHESIS BETWEEN 2018 AND 2020

For selected studies for the EKC hypothesis covering the period 2018 to 2020, Sarkodie and Strezov
(2018) confirmed the EKC relationship between emissions and economic growth for China and Australia.
Sarkodie and Strezov did not find evidence for the EKC relationship for the USA and Ghana. Sarkodie and
Strezov also analyzed the environmental sustainability curve relationship between biocapacity and growth.
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Sarkodie and Strezov confirmed the environmental sustainability curve relationship for Australia and the
USA.

Dong, Sun, Jiang and Zeng (2018) confirmed the EKC hypothesis for China. Du, Liu, Lei and Huang
(2018) confirmed N-shaped relationship between emissions and growth for China. Hao, Wu, Wang and
Huang (2018) confirmed N-shaped relationship between environmental degradation and growth for a panel
study for China.

Shahbaz and Sinha (2019) analyzed the literature review for environmental Kuznets curve and stated
that majority of the reviewed studies focused on linear relationships between income and environmental
degradation.

Shahbaz and Sinha suggested that future studies should focus on nonlinear relationships for the analysis
of the EKC hypothesis.

Gui, Zhao and Zhang (2019) analyzed and did not confirm waste Kuznets curve for China. Song, Zhang
and Zhou (2019) confirmed the EKC hypothesis for China and the USA. Zhou, Wang and Wang (2019)
confirmed the EKC hypothesis for China. He and Lin (2019) analyzed the nonlinear relationships between
income and emissions for China and confirmed the EKC hypothesis for a panel study for China.

Cohen, Tovar, Loungani, Marto and Wang (2019) confirmed the EKC hypothesis for a panel study for
China. Chai et al. (2019) analyzed and confirmed N-shaped relationship between coal consumption and
income for China. Chai et al. (2019) analyzed coal consumption Kuznets curve in China and did not
confirm. Liu and Lin (2019) confirmed N-shaped relationship between environmental degradation and
economic growth.

Nie, Li, Wang and Zhang (2019) analyzed the nonlinear relationships between environmental
degradation and economic growth. Nie, Li, Wang and Zhang confirmed the nonlinear relationships between
environmental degradation and economic growth. Wang and He (2019) confirmed N-shaped Kuznets curve
for China. Xie, Xu and Liu (2019) confirmed the EKC hypothesis for a panel study for China. J. Liu, Qu
and Zhao (2019) confirmed the EKC hypothesis for China. Yao, Zhang and Zhang (2019) confirmed the
EKC hypothesis for the relationship between renewable energy consumption and economic growth for
panel study including China in the analysis.

Liang and Yang (2019) confirmed the EKC hypothesis for a panel study in China. Tan (2019) confirmed
inverted N-shaped relationship between environmental degradation and economic growth. Mele and
Randazzo (2019) confirmed the long-run relationship between economic growth and environmental
degradation for China. Ahmad, Du, Tian and Wang (2019) confirmed N-shaped relationship between
emissions and economic growth for China. Hao, Huang and Wu (2019) confirmed the EKC hypothesis for
China. Zhang, Sharp and Xu (2019) confirmed the EKC relationship between emissions and economic
growth for China. Fang, Hao, Wang and Hao (2019) found inverted N-shaped relationship between
emissions and economic growth for a panel study in China.

Sarkodie et al. (2020) confirmed the EKC relationship between environmental degradation and
economic growth for China. M. Ahmad et al. (2020) confirmed the EKC relationship between emissions
and economic growth for China. Kacprzyk and Kuchta (2020) confirmed the EKC hypothesis for a panel
of 161 countries.

Purcel (2020) stated that most of the reviewed studies in the literature confirmed the cointegration
between income and environmental degradation in the literature review for environmental Kuznets curve.
Purcel suggested that developing and transitional economies should contribute more efforts for climate
change to support developed countries.

Pincheira and Zuniga (2020) carried out a literature review for environmental Kuznets curve covering
the period 2005 to 2017. Pincheira and Zuniga mainly discussed the econometric methodologies and
variables used in the examination of the EKC hypothesis and suggested that future studies should focus on
new econometric limitations and new environmental measurements.
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CONCLUSION

In this study, the EKC literature is analyzed for income-energy-emissions nexus for the period 2002 to
2020 for the selected studies. The analyzed literature consists many variables that are added to income,
energy and emissions variables. The studies show that there is no consensus in the litereature for EKC
relationship between income and emissions. Although many variables are examined in the literature, the
effect of external debt on emissions and on the relationship between income and emissions is not examined
in detail. We recommend that the effect of external debt on emissions and on the relationship between
emissions and income with including structural breaks should be analyzed. The effect of external debt
should be analyzed more for developing countries than developed countries since countries such as China
and Turkey may finance their emission intense industries through external debt because of certain internal
regulations. This study shows that the general tendency in the literature is to examine symmetric
relationships between income and emissions. There might be hidden relationships between income and
emissions which can be analyzed by non-linear relationship tests. For the country of studies to be analyzed,
Australia may be studied since EKC relationship is not analyzed in detail for Australia in the literature.
There are studies in the literature that used other variables instead of CO2 to analyze the relationship
between emissions and income for the EKC relationship. We recommend that coal consumption to be used
instead of CO2 to analyze the relationship between income and emissions for the EKC relationship. Coal
consumption Kuznets curve should be analyzed for developing and developed countries since coal is one
of the major pollutants to generate carbon emissions in the world. Analysis of the relationship between coal
consumption and income might lead to new energy policies to reduce carbon emissions for developing and
developed countries to help these countries to reach certain emission reduction targets. We also recommend
that carbon emissions from residential buildings to be analyzed to investigate whether developed and
developing countries will meet emission targets for emissions from residential buildings.
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