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The purpose of our article is to research the relevance 
of the Environmental Kuznets Curve theory in OECD 
countries. In this context, panel data of 24 OECD coun-
tries, whose data can be accessed in the 1980–2014 pe-
riod, were compiled and analyzed. The unit root test in 
the variables was researched by Pesaran (2007) CIPS unit 
root tests. The cointegration relationship can be deter-
mined with Westerlund’s (2007) cointegration approach. 
The Pooled Mean Group (Pesaran et  al., 1997, 1999) 
approach is used for long-term parameter estimations. 
Dumitrescu and Hurlin’s (2012) Granger causality test 
performed causality connections between variables.

The study consists of the following sections: The lit-
erature review section summarizes the recent studies on 
environmental Kuznets Curve (EKC) theory. The data, 
model, and method section presents the method and 
data summary used in this article. The empirical results 
section describes the empirical findings. In the end, the 
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Introduction 

Kuznets (1955) claimed in his study that there is an in-
verted-U-shaped relation between income disparity and 
economic growth. He explained this relationship in sev-
eral stages in his work. He argued that with industriali-
zation in the first degree of economic development, the 
wealth and capital accumulation of those who first in-
creased their income from this activity, and thus income 
inequality emerged. But later on, the benefits of growth 
will pass over time to others in the form of higher wages 
and increased income. Thus, income inequality that in-
creases in the first phase of economic development will 
decrease with the continuation of economic development 
(Arı & Zeren, 2011, p. 38). Grossman and Krueger (1991, 
1995) explained that similar relation to this relationship 
of Kuznets in the 1990s was found in terms of environ-
mental pollution and per capita income.

https://creativecommons.org/licenses/by/4.0/
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conclusion and findings of the study are given in the con-
clusion part.

1. Literature research

As economists rank environmental data for larger coun-
try samples and income levels, there has been increasing 
evidence that as countries progress, certain criteria of 
quality of life may break down initially but then progress. 
Particularly, they identified proof that the equality of en-
vironmental degradation for some pollutants and tradi-
tionally measured per capita income follows the same 
inverted U-shaped relation with per capita income and 
income inequality in the original Kuznets curve. With 
just a minor change, the original Kuznets Curve shape 
is transformed to the Environmental Kuznets Curve as 
shown in Figure 1 (Yandle et al., 2004).

Figure 1. Schematic Representation of the Environmental 
Kuznets Curve (source: Yandle et al., 2004)

Environmental degradation also tends to get worse 
before it gets better on a country’s development path. 
While some disruption is inevitable as part of the con-
stant structural changes that accompany economic 
growth, Environmental Kuznets Curve need not be as 
steep as it seems in many developing countries. Part of 
the steep inverted U-shaped relation between growth and 
environmental degradation comes from policy distor-
tions, such as energy and agrochemical subsidies, protec-
tion of industry, and underpricing of natural resources, 
which are both economically and environmentally de-
structive (Panayotou, 1993).

There are many studies in the writings about the 
environmental Kuznets Curve. However, since it is not 
possible to provide all the literature in our study, recent 
studies are briefly summarized.

Baležentis et al. (2019) have estimated for EU coun-
tries in their panel models, replacing the classical EKC 
with the EKC model including biomass and other re-
newable resources. As a result of the study, they found 
that the coefficient connected with GDP decreased when 
renewable resources were entered into the model. The 
study also determined that the effect of biomass on re-
ducing greenhouse gas emissions is higher than the effect 
caused by other renewable sources. 

Destek and Sarkodie (2019), in their study, searched 
the soundness of EKC hypotheses by researching the 

relation between financial development, energy con-
sumption, economic growth, and ecological footprint for 
the 1977–2013 term in 11 newly industrialized countries. 
As a result of the study, in which they used the hetero-
geneous panel causality method and the Augment Mean 
Group (AMG) estimator, they revealed that there is an 
inverted U-shaped relation between ecological footprint 
and economic growth. In the causality test, they deduced 
that there is bilateral causality between the ecological 
footprint and economic growth.

Hove and Tursoy (2019) investigated an inverted 
U-shaped relation between environmental pollutants 
and national economic indicators. In their study, they 
analyzed using annual data for a panel of 24 emerging 
economies worldwide for the term 2000–2017. As a re-
sult of the study, they found that a positive change in real 
per capita GDP decreases consumption of energy fossil 
fuels and carbon dioxide emissions but increases nitrous 
oxide.

Örnek and Turkmen (2019), in their study, for the 
term 1975–2016 investigated with the help of EKC hy-
potheses whether sustainable energy could be found in 
developed countries and emerging market economies. 
They established a quadratic model as an indicator of 
economic growth per capita income by using and as 
an indicator of environmental pollution carbon dioxide 
emissions per capita by using. They estimated the rela-
tionship between the variables using current econometric 
procedures with the help of dynamic panel data analysis, 
and in consequence of the analysis, they specified that the 
EKC approximation is well-founded and sustainability in 
energy is provided in developed countries when the EKC 
approach is not valid in emerging market economies, so 
sustainability in energy cannot be achieved.

Tatoğlu and İçen (2019), in their study, added the 
country and time dimension as well as the income 
groups of countries as a dimension to the panel data set 
in order to analyze EKC in a much more detailed and 
inclusive way and analyzed with three-dimensional panel 
data models. Consequently, of the study, they were found 
that EKC is well-founded for low- and high-income 
groups, but it works differently; found that it is not valid 
in middle-income countries.

Yao et  al. (2019) created a renewable energy con-
sumption rate index to symbolize a country’s energy 
structure and proposed a U-shaped renewable energy 
Kuznets Curve hypothesis between economic growth 
and renewable energy consumption rate index. In addi-
tion, for the term 1990–2014 they examined the dynamic 
relationship between the renewable energy consumption 
rate index and EKC hypotheses using two-panel datasets 
consisting of seventeen major developed and develop-
ing countries as well as six geoeconomic regions of the 
world. Consequently, of their study, they confirmed the 
Environmental Kuznets Curve.

Yilanci and Ozgur (2019), investigated the income-
pollution relationship with front-load panel rolling win-
dow causality in G7 countries (France, Canada, Italy, 
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Germany, Japan, United Kingdom, and the United States) 
using a new methodology for the period 1970–2014. As 
a result of the study, they affirmed the soundness of 
EKC hypotheses in the United States and Japan. In other 
countries, however, they found no proof for an inverted 
U-shaped model of the relation between the measure for 
environmental degradation is per capita GDP.

Zhang et al. (2019), tested EKC hypotheses using CO2 
emissions data from construction and manufacturing in-
dustries from 121 countries for the period 1960–2014. 
They calculated the turning points for the countries in 
which the environmental Kuznets curve hypotheses were 
confirmed. As a consequence of the study, they found 
that the EKC hypothesis was verified by 95 out of 121 
countries.

Altıntaş and Kassouri (2020) studied using ecologi-
cal footprint and CO2 emissions as indicators of environ-
mental degradation as target variables, to provide new 
perspectives on whether EKC hypotheses are related to 
the environmental pressure indicators used. For the pe-
riod 1990–2014, using heterogeneous panel data meth-
ods with data from 14 European countries they found 
proof of the susceptibility of the EKC hypotheses to the 
classification of environmental degradation agent used. 
As a result of the study, they also obtained results that 
the ecological footprint is more proper as a suitable en-
vironmental instrument that fits the EKC estimation, as 
opposed CO2 emissions.

Ansari et al. (2020) used material and ecological foot-
print from a consumption perspective as a full measure of 
human pressure on the environment to analyze the eco-
nomic growth-environment link. They analyzed the EKC 
hypothesis for 23 Asian countries. They divided these 
countries into five groups: Western, Central, Southern, 
Eastern, and Southeast Asian countries were discussed 
in the period 1991–2017. In their study panel cointegra-
tion, PMG, dynamic ordinary least squares (DOLS), and 
differential panel generalized moment methods were 
used as methods. As a result of the analysis, they found 
a mix of results regarding the existence of environmen-
tal Kuznets curve when using the ecological footprint; 
They found that the EKC hypothesis is well-founded 
for Central and East Asian countries but not for South, 
West, and Southeast Asian countries. As a consequence 
of their study, they found that when they use the material 
footprint indicator outside of Central Asian countries, it 
supports EKC.

Aydin and Turan (2020) investigated the impacts 
of energy intensity, economic growth, trade openness, 
and financial openness on the ecological footprint of 
the BRICS countries for the period 1996–2016 within 
the framework of EKC. During the study stages, the ef-
fects of trade openness and financial openness on eco-
logical footprint were discussed both separately and as 
a full using three models. As a result of the study, they 
determined that the EKC hypothesis is not well-founded 
in all BRICS countries. Particularly, the singular results 
found that the EKC model using financial openness was 

well-founded just for India when the EKC model using 
trade openness was well-founded for both South Africa 
and India.

Beyene and Kotosz (2020) used environmental 
Kuznets Curve hypotheses as a theoretical structure. 
They investigated the EKC hypotheses for twelve East 
African countries using the PMG method for the period 
1990–2013. Beyene and Kotosz found that the relation-
ship between income per capita and CO2 emissions was 
bell-shaped and therefore an expanded version of the 
original inverted U-shaped curve relation between eco-
nomic activity and environmental degradation. 

Boubellouta and Kusch-Brandt (2020), investigated 
over the period 2000–2016 EKC hypotheses for e-waste 
with a panel dataset of thirty European countries. In 
their study, they used the 2SLS estimator and the gener-
alized moment method (GMM) estimator as a method 
and the section method to validate the results. They 
determined that the EKC hypotheses are promoted for  
e-waste propped in the EU28 + 2 region.

Caravaggio (2020), investigated the environmental 
Kuznets Curve (EKCd) for deforestation. With a 55-year 
forest cover data reformed in the periodic national forest 
inventories of 114 countries clustered in high-, low- and 
middle-income groups defined by the World Bank, these 
classifications were examined in both static and dynamic 
frameworks. The result of the study supported the in-
verted U-shaped EKC for deforestation.

Dogan et al. (2020) examined the soundness of EKC 
hypotheses for BRICST (China, Brazil, India, South Af-
rica, Russia, Turkey) countries by considering heteroge-
neity and cross-sectional dependence using ecological 
footprint. As a result of the empirical results, they found 
that the EKC hypotheses were not valid when Russia was 
excluded due to the absence of annual data covering the 
period 1980–2014.

Dogan and Inglesi-Lotz (2020), for the 1980–2014 
period investigated the importance of the economic 
structure of European countries in examining the EKC 
hypotheses in European countries. In consequence of the 
study, they found that overall CO2 emissions and eco-
nomic growth in the group of countries studied appear 
an inverted U-shaped relationship.

Erdogan et al. (2020) based their work on the theo-
retical frame of EKC hypotheses to discover the part of 
the air and urbanization rail transport sector to the emis-
sion growth argument. They used for a panel of top ten 
air passenger transport countries annual time-frequency 
data for the period 1995–2014 that used robust panel 
estimators controlling for cross-section dependency in 
their study. In the wake of the empirical analysis, they 
found that there is a positive significant relationship be-
tween emissions and economic growth.

Gormus and Aydin (2020) investigated the relation-
ship between economic growth, consumption of renew-
able energy, ecological footprint, and innovation as top 
ten innovative economies (Finland, Denmark, Germany, 
Korea, Israel, Netherlands, Switzerland, Sweden, United 



S. Konya

234

Kingdom, and the United States) within the framework 
of EKC hypothesis for 1990–2015 period. As a result of 
the study, they found that the changeable in the envi-
ronmental Kuznets curve model act together in the long 
run. Accordingly, the long-term evaluation results, found 
that the EKC hypothesis is effective for Israel but not for 
other countries.

Halliru et  al. (2020) investigated the soundness of 
EKC hypotheses for 6 West African countries during 
the term 1970 to 2017. In their study, they added bioca-
pacity and human capital as additional deterministic of 
CO2 emissions. They used the panel quantile regression 
method. Whereby of the study, they determined that in 
low, medium, and high emission countries, inversely the 
inverted U-shaped EKC hypotheses, a U-shaped relation 
between carbon dioxide (CO2) emissions, and economic 
growth is valid.

Ike et al. (2020), examined the dynamic impact of oil 
production on carbon emissions in fifteen oil-produc-
ing countries, taking into account the role of economic 
growth, democracy, trade, and electricity generation in 
the 1980–2010 term. As a result of their study using the 
New Moments Quantitative Regression Method with 
fixed effects, they found an inverted U-shaped relation 
between CO2 emissions and economic growth in coun-
tries with higher emissions, thus obtaining supporting 
findings for the EKC hypotheses.

Kacprzyk and Kuchta (2020) investigated for the pe-
riod 1992–2012 the entity of an inverted U-shaped re-
lation between CO2 emissions and income from fossil 
fuels for a panel data set consisting of 161 countries. As 
a result of their studies, they determined that there is an 
EKC for CO2 emissions.

Kırman and Kesbic (2020) investigated the existence 
of the hypotheses suggesting that the relationship be-
tween the distribution of income and environmental pol-
lution, known as EKC, is in an inverted-U shape between 
1980 and 2014 in Brazil, Argentina, India, China, South 
Korea, South Africa, Malaysia, Mexico, Poland, Portugal, 
and Turkey investigated its validity in with panel data 
analysis. For this purpose, they used per capita carbon 
dioxide emission (CO2) as the dependent variable and 
per capita national income as the independent variable. 
The stationarities of the variables were performed with 
the CADF unit root test, then as a cointegration test Gen-
genbach, Urbain, and Westerlund (GUW) cointegration 
test, the coefficient estimation analysis of the changeable 
with the help of the DOLSMG coefficient estimator of 
the variables for which the entity of a long-term rela-
tionship was determined, and the presence of an inverse 
N-shaped relation between the variables was determined.

Le and Ozturk (2020) investigated the effects of glo-
balization, financial development, institutional quality, 
and government spending on CO2 emissions, per capita 
GDP, and energy consumption in the EKC pattern for 
forty-seven Emerging Markets and Developing Coun-
tries. In the study they investigated the period of 1990–
2014, CIPS and CADF unit root tests were applied to 

verify the stability of the variables because of the cross-
section dependence and slope heterogeneity in the panel 
data. As cointegration tests, Westerlund and Banerjee 
and Carrion-i Silvestre applied cointegration tests and 
found the presence of cointegration among the variables. 
Augmented Mean Group (AMG), Common Correlated 
Effects Mean Group (CCEMG), and Dynamic Common 
Correlated Effects (DCCE) estimators were used to esti-
mate heterogeneous parameters. Their findings revealed 
that globalization, energy consumption, and financial 
development increase CO2 emissions. In consequence of 
the study, they supported the EKC hypothesis for Emerg-
ing Markets and Developing Countries.

Maneejuk et al. (2020) examined the relationship be-
tween economic development and environmental deg-
radation based upon the EKC hypothesis. In their study, 
they examined eight major international economic com-
munities covering forty-four countries around the world. 
The relation between environmental conditions and 
economic growth was forecast using the kink regression 
model, which describes the milestone alteration in the 
relation. As a result of the study, they found that EKC 
hypotheses are well-founded in namely three of the eight 
international economic communities, namely Group of 
Seven (G7), European Union (EU), and Organization for 
Economic Cooperation and Development (OECD) and.

Renzhi and Baek (2020), analyzed a panel dataset of 
103 countries for the term 2004–2014, and as a result, 
they determined the entity of the EKC based on finan-
cial inclusion. They found that the relation between CO2 
emissions and financial inclusion is in an inverted U 
shape.

Ahmad et al. (2021a) examine previous information 
gaps in environmental economics writing by integrating 
innovation shocks into the EKC equation for the term 
1990–2014 in twenty-six OECD economies. In their 
study, they added exports, foreign direct investment, 
consumption of renewable energy, and per capita GDP 
as control variables. In consequence of the study, they 
specified that positive shocks towards innovation in-
creased, but negative shocks deteriorated environmental 
quality. As a result of the study, they also affirmed the 
EKC hypotheses in the sampled economies.

Ahmad et  al. (2021b) investigated the entity of the 
EKC theory. That is, the inverse U-shaped link between 
per capita real GDP and per capita carbon dioxide emis-
sions in a sample of eleven developing countries. Using 
balanced annual panel data and two alternative estima-
tion techniques over the 1992–2014 period, they exam-
ined the possibility of an inverted U-shaped link between 
CO2 emissions and per capita real GDP in the relevant 
sample. As a result of the study, an increase in per cap-
ita real GDP and electricity consumption in the long 
term. They found supporting evidence for an inverted 
U-shaped connection in the long term, showing that 
countries tend to reduce long-term carbon dioxide emis-
sions. Country findings have determined the entity of 
EKC theory for China, Brazil, India, Russian Federation, 
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Malaysia, Turkey, and Thailand. Nevertheless, Mexico, 
Indonesia, the Philippines, and South Africa have been 
shown to fail to give credence to the EKC theory.

Gyamfi et al. (2021) investigated the N-shaped EKC 
for E-7 countries using variables covering the term 1995–
2018 in their study. Long-term results at the end of the 
study verified the attending of an inverted U-shaped 
EKC.

Isik et  al. (2021) examined the soundness of EKC 
hypotheses for eight OECD countries. For the analysis, 
they divided the series of GDP per capita into increases 
and declines, but solely the increases were taken into ac-
count by subtracting the decreases from the model. As 
a result of the study, in which they used the fixed-effects 
regression test with common-related effects mean group 
(CCEMG) estimator and Driscoll Kraay standard errors 
as a method, it was concluded that the model with the 
undisaggregated per capita GDP series supported EKC 
hypotheses for four out of eight countries, whereas the 
disaggregated model with the disaggregated per capita 
GDP series supported the hypothesis. They found that it 
does not support.

Saqib and Benhmad (2021), empirically investigated 
the EKC hypothesis by searching the relation between 
economic growth, energy consumption, population 
growth, and ecological footprint. They used more effec-
tive estimation instruments, such as the pooled average 
group and the augmented average group, to forecast the 
long-term parameters for twenty-two European coun-
tries over the 1995–2015 term. As a result of the study, 
the relation they found between ecological footprint 
and income growth supported the soundness of EKC. 
The long-term predictions of the study were validated 
through robustness analysis using fully modified ordi-
nary least squares (FMOLS) and dynamic ordinary least 
squares (DOLS) methods. Dumitrescu and Hurlin (2012) 
panel causality test found that there is one-way causality 
from GDP to ecological footprint and bilateral causality 
between ecological footprint and energy consumption.

Aydin and Degirmenci (2022) examined the relation-
ship between multi-factor productivity, consumption of 
renewable energy, research and development expendi-
tures, ecological footprint, and urbanization, and the 
period 1991–2016, under the EKC hypothesis using La-
grange multiplier (LM) preload. As a research method 
panel cointegration and augmented mean group (AMG) 
estimators and LM bootstrap panel cointegration test 
results for the G7 countries (Canada, Germany, France, 
Japan, Italy, United Kingdom, and the United States) 
determined that the changeable in the environmental 
Kuznets curve model were correlated in the long term. In 
addition, AMG long-term coefficient estimates revealed 
that the EKC hypothesis is not well-founded.

Balsalobre-Lorente et al. (2022), investigated the dy-
namic relationship between foreign direct investment, 
economic complexity, urbanization, renewable energy, 
and carbon emissions between 1990 and 2019 in the 
sample of PIIGS countries. As an empirical analysis 

method, dynamic ordinary least squares (DOLS) esti-
mator was performed and as a result, they determined 
that the relation between CO2 emissions and economic 
complexity was an inverted U and more N-shaped rela-
tion. They supported the existence of the EKC hypothesis 
in the PIIGS countries.

Bilgili et al. (2022) examined the environment-gender 
relationship with panel data estimates through the EKC 
hypotheses in thirty-six Asian countries for the period 
1991–2017. As a result of their estimation, they deter-
mined that per capita GDP positively affects CO2 emis-
sions and per capita, CO2 is negatively affected by the 
square of per capita GDP, thus verifying environmental 
Kuznets Curve for panel Asian data with 971 observa-
tions. In addition, at the end of the article, they deter-
mined that they also confirmed the EKC hypothesis by 
means of panel data models in which GDP and GDP 
were squared.

Cetin et al. (2022) investigated the entity of the ag-
riculture-based EKC hypotheses in 47 developing coun-
tries between 1976 and 2017 using dynamic panel data 
estimators. As a result of the study, accordingly long-term 
findings of dynamic ordinary least squares (DOLS) and 
fully modified ordinary least squares (FMOLS) estima-
tors, determined an inverted U-shaped relation between 
CO2 emissions and income. They also found a negative 
effect of agricultural production on environmental qual-
ity. They investigated the control of their results with the 
PMG estimator. The long-term conclusions of the PMG 
estimator also yielded findings supporting the entity of 
agriculture-based environmental Kuznets curve for for-
ty-seven developing countries.

Frodyma et al. (2022), confirmed the soundness of the 
EKC hypotheses in EU countries for the term 1970–2017 
by examining the three environmental Kuznets Curve 
specifications and checking the soundness of EKC for 
consumption-based emissions (CBA) and production-
based emissions (PBA). Using the ARDL test, their study 
determined that in most countries, EKC models failed 
to clarify the relation between income and production-
based emissions over the term 1970–2017. They also re-
vealed that the results obtained for consumption-based 
emissions also reject the EKC hypotheses.

Kar (2022), searched the link between CO2 emissions 
and economic growth in Lithuania, Latvia, and Estonia 
(three Baltic countries). In his study, he checked the 
validity of EKC hypotheses, consider the role of finan-
cial development and energy consumption in the term 
1990–2018. In consequence of the study, it was revealed 
that the inverted U-shaped EKC hypothesis is not well-
founded in Lithuania, Latvia, and Estonia (three Baltic 
countries).

Ochoa-Moreno et al. (2022) examined the relation be-
tween tourism and CO2 emissions over the period 1995–
2018 in an example of twenty Latin American countries. 
They used econometric causality and cointegration tech-
niques to estimate the relation between these variables. 
To test the compatibility of cointegration vectors, they 
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performed the dynamic ordinary least squares (DOLS) 
model for singular countries and the panel dynamic 
ordinary least squares (DOLS) estimator for country 
groups. They stated that a U shape was formed that did 
not promote the ecological Kuznets curve.

Wang et al. (2022) investigated the impacts of urbani-
zation on the combination of environmental quality and 
economic growth. Depending on panel data from one 
hundred thirty-four countries for the term 1996–2015, 
threshold regression models were applied to investigate 
nonlinear causality between variables. They set urbaniza-
tion as the threshold variable and analyzed the impacts 
of economic growth on ecological footprint and CO2 
emissions. As a result of the study, they found a positive 
relationship between carbon emissions, urbanization, 
economic growth, and ecological footprint. As a result 
of the study, the coefficient of the lower-middle-income 
group is in an inverted U shape. While the ecological 
footprint is the variable clarified, the coefficient of the 
high-income group is U-shaped.

The Environmental Kuznets Curve theory has been 
the subject of debate for many years. The importance of 
the environment is increasing in terms of ensuring sus-
tainable development, protecting the ecological balance, 
and preventing environmental pollution. As a result of 
the literature research, some studies support the environ-
mental Kuznets curve hypothesis as well as studies that 
are not. Here, the time dimension, sample dimension, 
and applied method can be shown as the main reason 
for the difference in results.

2. Data, model, and method

In our study, the EKC hypothesis was examined in order 
to search the links between carbon dioxide emissions, 
income, and electricity consumption in 24 OECD coun-
tries1 were used during the 1980–2014 period. Data on 
per capita GDP (constant 2015 USD$), electrical energy 
consumption (kWh per capita), and per capita CO2 emis-
sions (metric tons per capita) are taken offense World 
Bank Development Indicators.

Table 1. Data and Sources (source: World Bank, 2022)

Data Description of Data Source

CO2
CO2  emissions (metric tons per 
capita) World Bank

GDP GDP per capita (constant 2015 
US$) World Bank

EC Electric power consumption (kWh 
per capita) World Bank

The data used in the analysis and the source from 
which the data were obtained are presented in Table 1. 

1 Australia, Austria, Belgium, Chile, Colombia, Costa Rica, Denmark, 
Finland, France, Greece, Ireland, Italy, Japan, Mexico, Netherlands, 
New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, 
United Kingdom, United States.

Table 2 shows the expressive structure of the statistics 
used in the analysis.

Table 2. Results of Descriptive Statistics (source: Author’ 
estimations)

CO2 GDP EC

Mean 7.690388 29924.45 6803.249
Std. Dev. 4.202773 17658.7 5156.546
Min. .7515078 3146.616 495.5433
Max. 20.78649 84348.39 25590.69
Obs  840  840  840 

The mean real GDP per capita was found to be 
29  924.45 USD. The minimum value is approximately 
3146.62, and the maximum value is 84348.39. The mean 
of the CO2 value is 7.69; The EC mean was determined 
as 6803.249.

The model used in the study was being constituted 
similarly to the model used by Apergis and Payne (2010), 
Wang, Zhou, Zhou, and Wang (2011), Aytun, Akın, and 
Algan (2017).

   = α +β +β +β + ε2
2 1 2 3 .CO it it i it i it i it itGDP GDP EC  (1)

In the equation, countries i represent time t. εit   rep-
resents the error term. In the model, β1  and β2  rep-
resent the long-term coefficients showing the effect of 
income on CO2 emissions. β3  represents the long-run 
coefficient showing the impact of electricity consump-
tion on CO2 emissions. In our study, the data are used 
in level structures.

If β1  coefficient is positive and β2  coefficient is neg-
ative, there is an inverted U-shaped functional relation 
between GDP and CO2 emissions (supporting the EKC 
hypothesis). In addition, it is generally accepted in the 
writing that energy consumption increases carbon diox-
ide emissions. Therefore, the sign of the β3  coefficient is 
supposed to be positive (Aytun et al., 2017, p. 6).

In our study, it will first be specified whether there 
is a cross-section or not. The CIPS unit root test will be 
applied to specify the stationarity of the variables. West-
erlund’s cointegration test will be applied to determine 
whether there is a cointegration relation between the 
changeable. The Pooled Mean Group (PMG) estimator 
will be used for long-term coefficient-number estima-
tion. Dumitrescu and Hurlin’s (2012) causality test was 
performed to determine causal connections.

3. Empirical results

Results of the Cross Section Dependency test of the vari-
ables are shown in Table 3.

As can be seen in Table 3, we checked each of the se-
ries for cross-sectional dependence as part of our analy-
sis. The cross-sectional dependence for all variables can-
not be denied. That is to say, there is a cross-sectional 
dependence between the variables. The results of the unit 
root test CIPS are shown in Table 4.

https://tureng.com/tr/turkce-ingilizce/be%20constituted
https://tureng.com/tr/turkce-ingilizce/changeable
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Table 4. Results of Unit Root Test CIPS (source: Author’ 
estimations)

Level

Variable Lag
Constant Constant &Trend

Statistic    P-value Statistic    P-value

CO2

0 –3.715 0.000 –3.177 0.001
1 –2.656 0.004 –3.270 0.001
2 –0.149 0.441 –0.725 0.234
3  0.780 0.782  0.292 0.615
4 2.685 0.996 2.188 0.986

GDP

0 4.569 1.000 5.659 1.000
1 –0.659 0.255  1.041 0.851
2 –0.393 0.347 2.685 0.996
3 –1.014 0.155 2.530 0.994
4 –0.980 0.164 2.806 0.997

GDP2

0 6.225 1.000 8.666 1.000
1 0.687 0.754 4.065 1.000
2 0.467 0.680 3.985 1.000
3 0.222 0.588 3.701 1.000
4 0.632 0.736 4.382 1.000

EC

0 –3.925 0.000 –1.482 0.069
1 –1.186 0.118 –0.736 0.231
2 –0.821 0.206 0.207 0.582
3 –1.767 0.039 –0.950 0.171
4 0.307 0.621 0.902 0.817

First Difference

Variable Lag
Constant Constant & Trend

Statistic    P-value Statistic   P-value

∆CO2

0 –20.390     0.000        –19.959     0.000        
1 –13.415     0.000 –12.233     0.000        
2 –7.916     0.000 –5.800     0.000        
3 –7.226     0.000 –5.266     0.000        
4 –3.493     0.000 –1.724     0.042        

∆GDP

0 –9.237 0.000 –8.313 0.000
1 –7.139 0.000 –6.235 0.000
2 –3.446 0.000 –2.297 0.011
3 –2.183 0.015 –1.772 0.038
4 –0.234 0.407 0.089 0.535

Level

Variable Lag
Constant Constant &Trend

Statistic    P-value Statistic    P-value

∆GDP2

0 –8.291 0.000  –7.702 0.000
1 –5.378 0.000 –5.209 0.000
2 –2.128 0.017 –1.934 0.027
3 –1.063 0.144 –1.264 0.103
4 1.298 0.903 1.101 0.865

∆EC

0 –18.117 0.000 –17.444     0.000
1 –12.100 0.000 –11.244     0.000
2 –5.486 0.000 –3.728 0.000
3 –4.244 0.000 –2.592 0.005
4 –2.296 0.011 0.344 0.635

When Table 4 is examined, stationarity is achieved 
for CO2 emissions with both including a constant and 
trend and constant a lag length of 0 and 1 in the model. 
When the first difference of the variable is taken, station-
arity is achieved at all lag lengths. When the first differ-
ence of GDP and GDP2 variables is taken, stationarity 
is achieved. While the level value for the EC variable is 
stationary at 0 lag length in the model containing both 
constant and constant & trend terms, the first difference 
is taken to provide stationarity at all lag lengths in the 
constant model. In the model with EC variable constant 
and trend, stationarity was achieved at lag lengths of 0, 
1, 2, 3.

After determining the stability of the variables, the 
Westerlund cointegration test was applied to determine 
whether the variables were cointegrated or not. Table 5 
shows the results of the Westerlund cointegration test.

Table 5. Results of Cointegration Test Westerlund (source: 
Author’ estimations)

Statistics Value Z-value P-value

Gt –2.356 –3.095 0.001
Ga –7.069 0.582 0.720
Pt –11.670 –3.982 0.000

Pa –7.327 –2.371 0.009

In the Westerlund cointegration test, the 0  H hypoth-
esis is established as no cointegration. According to the 
test statistics of tG , tP  and aP , the 0H  hypothesis is 
refused. It was precipitated that there is a cointegration 
relation between the variables CO2, GDP, GDP2 and EC.

Table 6 shows the panel error correction model es-
timation results obtained with the PMG estimator. The 
error correction parameter is negative-significant. There 
is a long-run relationship between the variables. Ac-
cordingly, approximately 20% of the imbalances that 
occur in one period will be corrected in the next pe-
riod. In the long term, every 1% increase in GDP raises 

Table 3. Results of Cross Section Dependency Test (source: 
Author’ estimations)

CO2 GDP EC

lmCD  
2922.249
(0.0000)

8344.795
(0.0000)

7274.502
(0.0000)

lmCD 112.6319
(0.0000)

343.4307
(0.0000)

297.8760
(0.0000)

CD  
13.40315
(0.0000)

91.13503
(0.0000)

83.78919
(0.0000)

adjLM 112.2789
(0.0000)

343.0778
(0.0000)

297.5231
(0.0000)

End of Table 4
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CO2 emissions by approximately 0.0003%. 1% increase 
in 2  GDP  decreases CO2 emissions by approximately 
5.86%. It has been determined that the impact of elec-
tricity consumption on CO2 emissions, in the long run, 
is positive and significant. Findings from the PMG es-
timator are consistent with the Environmental Kuznets 
curve assumption. Results supporting the Environmental 
Kuznets curve were found in the study.

Figure 2 shows the long-run coefficients obtained 
from the PMG estimator.

Figure 2. Figure Representation of Long-Run Coefficients 
Obtained from PMG Estimator  
(source: Created by the author) 

Table 7. Results of Panel Causality Test of Dumitrescu and 
Hurlin (2012) 

W-Bar 
statistics

Z-bar 
statistics P-value

CO2 → GDP 16.9965 9.2336 0.0000
GDP → CO2 15.1086 7.0536 0.0000
CO2 → GDP2 18.1866 10.6077 0.0000
GDP2 → CO2 14.2568 6.0700 0.0000

CO2 →EC 3.1611 7.4863 0.0000
EC → CO2 13.3382 5.0094 0.0000

Table 7 shows the Dumitrescu and Hurlin panel 
Granger causality conclusions. In the causality test, the 
lag length was chosen according to the AIC informa-
tion criterion. According to the test results, the basic 
hypotheses stating that there is no causal relation be-
tween the variables were rejected. A bidirectional cau-
sality test was found between CO2 emissions and GDP, 
CO2 emission and GDP2, CO2 emission, and EC in at 
least one unit.

Figure 3 shows the results Dumitrescu and Hurlin 
Causality test.

Figure 3. Figure Representation of Results Dumitrescu and 
Hurlin Causality Test (source: Created by the author) 

Conclusions 

The relations between the environment, the economy, 
and energy have been the subject of discussion for many 
years. The main question of our study is whether the 
Environmental Kuznets Curve theory is valid in OECD 
countries.

When the literature review is evaluated in general, 
the Environmental Kuznets Curve hypothesis has been 
retested due to changes and developments in economet-
ric applications. It is seen that studies with or without 
cross-sectional dependence and heterogeneity in panel 
data models are within the scope of the literature. As 
a result of the applied econometric methods, the re-
sults supporting and not supporting the Environmental 
Kuznets Curve Hypothesis were determined. It is seen 
that the result obtained in this context has different 
characteristics according to the time dimension, sample 
dimension, and the applied method. We aim to contrib-
ute to the literature for the method we applied and the 
sample group discussed.

In our study, the validity of Environmental Kuznets 
Curve hypotheses for the term 1980–2014 in 24 OECD 
countries was investigated. In the study, the cointegration 
relationship was determined between the series in which 
the Westerlund cointegration test was applied. It has 
been determined that the Environmental Kuznets curve 
is in an inverted U shape for the example of 24 OECD 
countries. Consequently, of the study, we obtained sup-
porting findings for the Environmental Kuznets Curve 
for the entire panel we discussed. At the end of the PMG 
estimator, we determined that the effect of electricity 
consumption on carbon dioxide emissions was posi-
tive and significant. In the end, Dumitrescu and Hur-
lin’s panel causality test was performed to determine the 
causal connections between the variables in our study. 
As a result of the causality test, a causal relationship was 
found between economic growth and carbon dioxide 
emissions, between CO2 emissions and the square of 
economic growth; and between electricity consumption 
and carbon dioxide emissions. From the evidence of the 
study, can be finalized that the environmental degrada-
tion will gradually reduce with the enhancement in the 
income level.

Table 6. Results of PMG Estimator (source: Author’ 
estimations)

Variable Coefficient Std. Error P>|z|

ec
GDP .0003502 .0000595 0.000
GDP2 –5.86e-09 6.81e-10 0.000

EC .0004225 .0001092 0.000
Short term

ect –.1957466 .0348795 0.000
constant .0623166 .1120977 0.578
d.GDP .000058 .0001232 0.638
d.GDP2 –3.84e-09 4.10e-09 0.349
d. EC .0012803 .000249 0.000

https://tureng.com/tr/turkce-ingilizce/evidence
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For sustainable development, energy policies that re-
duce environmental pollution should be implemented.

The limitations of our study are the sample, time di-
mension, and the method used. The application of dif-
ferent methods, the similarity of the study with different 
samples, and different time dimensions will make impor-
tant contributions to the literature. 

The literature will be useful to study with unit root 
tests, cointegration tests, and causality tests, in which 
cross-sectional dependence and heterogeneity are tak-
en into account. The validity of AMG (Augment Mean 
Group), CCEMG (Common Correlated Effects Mean 
Group), MG (Mean Group), DFE (Dynamic Fixed Ef-
fects) methods, and Environmental Kuznets curve meth-
ods can be investigated.

In the same breath, the use of different energy varia-
bles instead of the electrical energy consumption variable 
will make important contributions to the environmental 
Kuznets literature.
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