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Abstract This empirical study analyzes the impacts of real
income, energy consumption, financial development and
trade openness on CO, emissions for the OECD countries in
the Environmental Kuznets Curve (EKC) model by using
panel econometric approaches that consider issues of hetero-
geneity and cross-sectional dependence. Results from the
Pesaran CD test, the Pesaran-Yamagata’s homogeneity test,
the CADF and the CIPS unit root tests, the LM bootstrap
cointegration test, the DSUR estimator, and the
Emirmahmutoglu-Kose Granger causality test indicate that
(i) the panel time-series data are heterogeneous and cross-
sectionally dependent; (ii) CO, emissions, real income, the
quadratic income, energy consumption, financial develop-
ment and openness are integrated of order one; (iii) the ana-
lyzed data are cointegrated; (iv) the EKC hypothesis is vali-
dated for the OECD countries; (v) increases in openness and
financial development mitigate the level of emissions whereas
energy consumption contributes to carbon emissions; (vi) a
variety of Granger causal relationship is detected among the
analyzed variables; and (vii) empirical results and policy rec-
ommendations are accurate and efficient since panel econo-
metric models used in this study account for heterogeneity and
cross-sectional dependence in their estimation procedures.
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Introduction

The last annual conference of the United Nations Framework
Convention on Climate Change took place in Paris in
November—December 2015." As a result of extraordinary in-
creases in environmental pollution and global warming, 196
nations that participated at the Paris meeting have agreed to
keep the global warming below 2 °C above pre-industrial
level. The achievement of this target requires continuous ex-
treme declines in the level of greenhouse gas emissions.
Because some of the largest emitters of greenhouse gases—
the USA, India, Russian Federation, Japan and Canada—have
not signed the second amendment of the Kyoto protocol
which aims to decline the levels of world emissions through
bindings for parties to the protocol;” it is for now doubtful
whether or not the aforementioned largest emitters are going
to ratify the Paris agreement. Nevertheless, given the fact that
environmental pollution is currently a real and urgent concern
to handle, researchers and policy makers from many countries
are willing to know possible determinants of greenhouse gas
emissions.

Studies including Soytas et al. (2007), Lean and Smyth
(2010), Yavuz (2014), Shahbaz et al. (2014), Dogan et al.
(2015), Kasman and Duman (2015), Seker et al. (2015), Al-
Mulali et al. (2015), Tang and Tan (2015), Farhani and Ozturk
(2015), Dogan and Turkekul (2016), Javid and Sharif (2016),

! http://unfece.int/resource/docs/2015/cop2 1/eng/109r01.pdf (accessed
16 December 2015).

2 http://unfcee.int/kyoto_protocol/doha_amendment/items/7362.php
(accessed 16 December 2015).
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and Zhang and Gao (2016) in the energy-environment-income
literature show that energy consumption and real income are
among the main determinants of carbon dioxide (CO,) emis-
sions for various nations and economic groups. In addition,
Halicioglu (2009), Atici (2009), Jalil and Mahmud (2009),
Jalil and Feridun (2011), Nasir and Rehman (2011), Shahbaz
et al. (2014), Tang and Tan (2015), Seker et al. (2015), Javid
and Sharif (2016), and Dogan and Seker (2016) indicate that
financial development and trade openness can influence the
level of emissions in a variety of countries and regions.
Financial development, on the one hand, may increase energy
consumption and carbon emissions due to increases in the
purchase of new industrial machines and equipment caused
by lower financing costs and increased financing networks; on
the other hand, financial development may increase energy
efficiency and efficiency of business performance resulting
in lower energy consumption and CO, emissions (Dogan
and Turkekul 2016). Increases in trade openness can impact
carbon emissions through composition, scale, and technique
effects (Farhani et al. 2014). More precisely, scale effect basi-
cally means that increases in trade may lead to higher produc-
tion, higher energy consumption, and higher pollution.
Composition effect implies that a country specializes in pro-
ducing some goods with respect to the comparative advan-
tage, and accordingly, increases in trade may lead to higher
or lower pollution depending on whether goods that the coun-
try keeps producing are in energy-intensive sectors or not.
Last, technique effect refers to technology spillover through
trade flows among countries, and thus the adaption of envi-
ronmentally friendly technologies in producing goods can
lead to environmental improvements. The aforementioned
studies build on the Environmental Kuznets Curve (EKC)
model wherein CO, emissions as proxy for greenhouse gas
emissions are regressed on real income, the quadratic real
income and energy consumption (and additional variables in
some cases). The EKC hypothesis claims that increases in a
country’s real income lead to environmental improvements
after the country passes threshold level.

Despite a large number of studies investigating the deter-
minants of carbon emissions, those focusing on panel studies
mostly use panel models that assume independent cross-
sections and/or homogeneity. Relying on the assumptions of
cross-sectional independence and homogeneity likely causes
inefficient and inaccurate estimation results if the panel data
are in fact heterogeneous and cross-sectionally dependent.
Hence, we examine whether or not the panel data used in this
study are homogenous and cross-sectionally independent, and
indeed detect the issues of cross-sectional dependence and
heterogeneity. We accordingly employ second-generation
panel models (the CADF and the CIPS unit root tests, the
LM bootstrap cointegration test, the dynamic seemingly unre-
lated cointegrating regressions (DSUR), and the
Emirmahmutoglu-Kose Granger causality test) which take
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into consideration both issues in their estimation procedures.
Therefore, the reported results in this study are accurate, effi-
cient, and robust.

The current empirical study contributes to the literature in
several aspects as consistent with the abovementioned discus-
sion. This study for the first time analyzes the influences of
real income, energy consumption, financial development and
trade openness on CO, emissions for the OECD countries in
the EKC model by using recently developed panel approaches
that deal with the issues of heterogeneity and cross-sectional
dependence. The examination of the OECD countries is of
interest to researchers and policy makers since this economic
group is responsible for 72 % of 2013 world income (gross
domestic product), 36 % of 2011 global carbon emissions,
40 % of 2011 energy consumption, and 69 % of 2013 world
trade according to the World Development Indicators. In ad-
dition, it is a well-known financially developed economic
group. Literature review is presented in the next section, mod-
el and data are described in the third section, methods, empir-
ical results and policy recommendations are posted in fourth
sections, and conclusions are given in the last section.

Literature review

The energy-environment-income literature includes a number
of studies that investigate the presence of the EKC hypothesis
and the influence of energy consumption, financial develop-
ment, and trade for various single country and panel cases.
The EKC hypothesis supported for single countries such as
France (Ang 2007), China (Jalil and Mahmud 2009; Jalil and
Feridun 2011), India (Jayanthakumaran et al. 2012; Tiwari
et al. 2013), Pakistan (Nasir and Rehman 2011; Javid and
Sharif 2016), Tunisia (Farhani et al. 2014; Shahbaz et al.
2014), Turkey (Ozturk and Acaravci 2013; Yavuz 2014;
Seker et al. 2015; Gokmenoglu and Taspinar 2015; De-Vita
et al. 2015), Malaysia (Lau et al. 2014; Saboori et al. 2012),
Singapore (Katircioglu 2014), Iceland (Baek 2015), Vietnam
(Tang and Tan 2015) as well as for panel studies such as 11
countries commonwealth of independent states (Apergis and
Payne 2010), Central America (Apergis and Payne 2009),
central and eastern European (Atici 2009), ASEAN (Lean
and Smyth 2010), OECD (Cho et al. 2014), European coun-
tries (Kasman and Duman 2015), high-income countries (Al-
Mulali et al. 2015), 14 Asian countries (Apergis and Ozturk
2015), BRICS (Pao and Tsai 2011), 34 developed and devel-
oping countries (Zaman et al. 2016), and top renewable ener-
gy countries (Dogan and Seker 2016). On the other hand, the
hypothesis is not supported for the USA (Soytas et al. 2007;
Baek 2015; Dogan and Turkekul 2016), Turkey (Halicioglu
2009), Russia (Pao et al. 2011), China (Du et al. 2012),
Tunisia (Farhani and Ozturk 2015), Middle East countries
(Ozcan 2013), and OECD countries (Dogan et al. 2015).
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The contradiction across empirical results on the EKC hypoth-
esis can occur because of the choice of country/region, time
period and econometric approach.

The first group of studies focuses on single-country cases.
They mostly use the ADF, the PP, and the KPSS unit root tests,
the Johansen cointegration test, the bounds testing for
cointegration, the ARDL model, and Granger causality based
on the vector error correction mechanism (VECM). Energy
consumption increases carbon emissions in Turkey (Say and
Yucel 2006; Halicioglu 2009; Yavuz 2014; Seker et al. 2015),
Vietnam (Tang and Tan 2015), the USA (Soytas et al. 2007;
Dogan and Turkekul 2016), China (Jalil and Mahmud 2009;
Jalil and Feridun 2011), the European Union (EU) members
and candidate countries (Kasman and Duman 2015), Russia
(Pao etal. 2011), Pakistan (Nasir and Rehman 2011; Javid and
Sharif 2016), India (Jayanthakumaran et al. 2012), Malaysia
(Shahbaz et al. 2013), Tunisia (Shahbaz et al. 2014; Farhani
and Ozturk 2015), and Saudi Arabia (Alshehry and Belloumi
2015). In addition, Halicioglu (2009), Jalil and Feridun
(2011), Nasir and Rehman (2011), Shahbaz et al. (2014),
Farhani et al. (2014), and Farhani and Ozturk (2015) find that
increases in trade lead to environmental degradation, whereas
Jalil and Mahmud (2009), Jayanthakumaran et al. (2012),
Shahbaz et al. (2013), Dogan and Turkekul (2016), and
Javid and Sharif (2016) show that increases in trade lead to
environmental improvements. Furthermore, Farhani and
Ozturk (2015), Seker et al. (2015), and Javid and Sharif
(2016) indicate that increases in financial development boost
the pollution; on the contrary, Jalil and Feridun (2011),
Shahbaz et al. (2013), and Tang and Tan (2015) suggest that
a higher level of financial development reduces the level of
emissions. Regarding causal relationship, one-way causality
running from income to carbon emissions is found by Say and
Yucel (2006), Alshehry and Belloumi (2015), Ang (2007),
Nasir and Rehman (2011), Ajmi et al. (2015), and Seker
et al. (2015); on the contrary, two-way Granger causality be-
tween carbon emissions and real income is found by Chandran
and Tang (2013), Tang and Tan (2015), Shahbaz et al. (2013),
Cowan et al. (2014), Pao et al. (2011), and Dogan and
Turkekul (2016). In addition, one-way Granger causality from
energy consumption to CO, is detected by Say and Yucel
(20006), Soytas et al. (2007), and Cowan et al. (2014); on the
contrary, two-way Granger causal relationship between ener-
gy consumption and emissions is supported by Pao et al.
(2011), Javid and Sharif (2016), Tang and Tan (2015),
Shahbaz et al. (2013), Dogan and Turkekul (2016), Nasir
and Rehman (2011), and Zhang and Gao (2016). In addition,
Farhani and Ozturk (2015) indicate that there is one-way cau-
sality running from CO, emissions to trade and from emis-
sions to financial development. On the other hand, Seker et al.
(2015), Gokmenoglu and Taspinar (2015), and Tang and Tan
(2015) assert the presence of bidirectional Granger causality
between financial development and pollution.

The second group focuses on panel studies. Apergis and
Payne (2009) find that energy consumption stimulates carbon
emissions, and one-way causality running from real income to
emissions, from real income to energy consumption, two-way
causality between energy consumption and CO, for Central
American countries. Atici (2009) shows that increase in energy
consumption boosts CO, emissions and the coefficient on trade
is not statistically significant for central and eastern European
countries. Hossain (2011) indicates that energy consumption
and real income contribute to the level of emissions while trade
mitigates it, and one-way Granger causality running from real
income to emissions, from energy consumption to CO,, and
from trade to carbon emissions for newly industrialized coun-
tries. Pao and Tsai (2011) find that energy consumption and
financial development contribute to pollution, and bidirectional
Granger causality between real income and carbon emissions,
between energy consumption and real income, between finan-
cial development and pollution, and one-way causality from
energy consumption to the level of emissions for BRICS coun-
tries. Omri (2013) exhibits that energy consumption and real
income contribute to the level of emissions, the coefficient on
trade openness is insignificant, one-way Granger causality run-
ning from energy consumption to CO,, and two-way Granger
causality between real income and emissions for MENA
countries. Kasman and Duman (2015) show that increases in
trade and energy consumption lead to environmental
degradation and bidirectional Granger causality between real
income and emissions, between energy consumption and
pollution, between openness and carbon emissions, and
between energy consumption and real income for the EU
members and candidate countries. Shahbaz et al. (2015) find
that raises in real income and energy use stimulate pollution
while higher levels of financial development lead environmen-
tal improvements, and that there is bidirectional Granger cau-
sality between financial development and carbon emissions,
and between energy consumption and emissions for a panel
of 99 countries. Al-Mulali et al. (2015) indicate that increases
in trade openness and energy consumption contribute to
environmental degradation, whereas financial development
mitigates carbon emissions for a panel of 93 countries. Dogan
et al. (2015) show that energy consumption stimulates the level
of emissions while trade openness reduces pollution, and two-
way Granger causality between CO, emissions and energy
consumption, between emissions and real income, between
energy consumption and real income, between trade and real
income, and one-way causality running from trade openness to
carbon emissions for the OECD countries. It is note-worthy
that the mentioned studies use first-generation estimators
(e.g., OLS and GMM) and first-generation Granger causality
tests (e.g., pairwise and the VECM-based causality). The cur-
rent study differs from the existing literature in that it uses a
second-generation long-run estimator and a bootstrap Granger
causality test.

@ Springer
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Model and data description

The base EKC model wherein CO, emissions are regressed on
income, quadratic income, and energy consumption is used by
Soytas et al. (2007), Apergis and Payne (2009), Pao et al.
(2011), and Yavuz (2014). The base model can be shown as
in Eq. 1:

Model 1 : In(CO,),, = By + B1InY;+ ByInY 2
+ B5IEGY; + e (1)

As discussed in the introduction section, financial develop-
ment may influence the level of emissions through several
channels. Thus, Pao and Tsai (2011), Seker et al. (2015),
Dogan and Seker (2016), and Tang and Tan (2015) use the
EKC model in Eq. 2:

Model 2 : In(COy),, = By + BiinYu+ ByinY,* (2)

+ 63[”EGYI} + ﬂ4lnFDit + ej

In addition to financial development, trade openness may
determine environmental pollution through a number of ef-
fects. Therefore, Jalil and Mahmud (2009), Atici (2009),
Nasir and Rehman (2011), Farhani et al. (2014), Shahbaz
et al. (2014), and Dogan and Seker (2016) propose the EKC
model in Eq. 3:

Model 3 : In(CO,), = By + BylnYy+ BolnY;? (3)

+ B3IEGY; + B4InT Oy + ey

As a combination of Egs. 2 and 3, Jalil and Feridun (2011),
and Javid and Sharif (2016) simultaneously estimate the in-
fluence of openness and financial development in the EKC
model given in Eq. 4. This study also uses the following mod-
ified EKC model:

Model 4 : In(CO,), = By + BiinYu+ BylnY,’ (4)
+ 63[”!EGY,’; + ﬂ4l}’lFDit

+ B5InTOy; + e

wherein e;, error term; (3; are the coefficients on the explana-
tory variables. As regards to data selection, per capita CO,
emissions are in metric tons; Y is real income (per capita
GDP in 2005 USS); EGY is per capita energy consumption
in kilogram of oil equivalent; FD is financial development (the
ratio of domestic credit to private sector as a share of Y); TO is
trade openness (the ratio of the sum of exports and imports of
goods and services as a share of Y). The data cover the period
1975-2011 and come from “the World Development
Indicators” (http://data.worldbank.org) and are transformed
into their natural logarithm so as to interpret the estimates as
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the elasticities of the response variable (CO, emissions) with
respect to the independent variables (Y, Y?, EGY, FD and TO). It
is note-worthy that we optimize the data in that we employ the
longest available data with the greatest number of cross-sections
as possible. The sample OECD countries are Turkey, the USA,
Greece, Japan, Australia, Finland, Sweden, Austria, Portugal,
Belgium, Iceland, Denmark, Netherlands, France, the UK, and
Spain. If the EKC hypothesis is valid, we will expect that 3, >0
and (3,<0. In addition, 35 is expected to be positive, and the
estimates of 3; and (s can be greater or smaller than zero.

Methods and empirical results

The use of panel data has both advantages and disadvantages.
In detail, panel models may suffer from the issues of hetero-
geneity and cross-sectional dependence whereas they are usu-
ally capable of capturing complexity of behavior of macro-
economic variables and include more degrees of freedom and
more sample variation than single-country time-series data.
On the other hand, recently developed econometric ap-
proaches take into consideration of both issues of cross-
sectional dependence and heterogeneity, and therefore elimi-
nate the mentioned drawbacks. We first investigate whether or
not the panel data used in this study suffer from the mentioned
issues and then use appropriate panel models accordingly.

Issues of heterogeneity and cross-sectional dependence

In order to detect whether or not slope coefficients are homog-
enous, we use the method of Pesaran and Yamagata (2008)
that builds on the Swamy approach estimate the delta (A ) and
the adjusted delta (A,q ;) so as to test null hypothesis of the
slope homogeneity, Hy: 3;=/3 for all individuals, against the
alternative hypothesis of slope heterogeneity, H;: 3;# 3; for a
non-zero fraction of pairwise slopes for i #;. This test has good
small sample properties and can produce reliable results when
T (time dimension) is greater than N (number of cross-sec-
tions). Referring to the computed A and Aadj, results in
Table 1 show that the null hypothesis of slope homogeneity
can be rejected in favor of the alternative hypothesis of slope
heterogeneity at 1 % level of significance. Given that hetero-
geneity exists across sample countries for the analyzed

Table 1  Results from heterogeneity tests

Test InY Iny? IEGY InFD InTO
A 54.34%* 54.62%* 37.51%* 29.56* 42.05*
Aadj 56.25% 56.91%* 39.08* 30.80%* 43.81*

*Statistical significance at 1 % level
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variables, we should employ heterogeneous panel techniques
in which the parameters vary across cross sections.

In addition to heterogeneity, we apply the CD test devel-
oped by Pesaran (2004) to the analyzed variables to see
whether or not each panel data is cross-sectionally indepen-
dent. Results from the CD test are posted in Table 2. Referring
to the associated p values, we can reject the null hypothesis of
independent cross-sections in favor of the alternative of de-
pendent cross-sections for the analyzed panel data.

Since the analyzed variables are not homogeneous and
cross-sectionally independent, the first-generation tests likely
produce inefficient results given that they have drawbacks of
assuming cross-sectional independence and/or homogeneity.
Phillips and Sul (2003) show that efficiency of estimation
results may substantionally decrease if cross-sectional depen-
dence sufficiently exist across countries in the panel data and
this is overlooked in estimation as it is commonly done by
researchers. Henceforth, we should continue with second-
generation panel models robust to both issues of cross-
sectional dependence and heterogeneity so as to reveal
efficient and accurate empirical results.

Panel unit root test

This study uses the CADF and CIPS unit root tests proposed
by Pesaran (2007) to carry out integration properties of finan-
cial development, energy consumption, CO, emissions, real
income, and trade openness. Because the CADF and CIPS
tests produce accurate results in the presence of both hetero-
geneity and cross-sectional dependence, we prefer these
second-generation unit root tests to first-generation ones such
as LLC, IPS, and ADF unit root tests.

Results from the second-generation tests, the CADF and
the CIPS, are reported in Table 3. Both tests indicate that
carbon emissions, real income, energy consumption, financial
development, and trade openness are not stationary at their
levels but are stationary at their first differences. Therefore,
the analyzed variables are integrated of order one, or equiva-
lently, I (1). The panel data should be either stationary or
cointegrated at their levels in order to assess statistically and
economically meaningful long-run estimates of the indepen-
dent variables. Because CO,, Y, Y2, EGY, FD, and TO are all I
(1), this study applies a second-generation panel cointegration
test to identify whether or not the analyzed panel data have a
long-run relationship. Given that the mentioned panel

Table 2  Results from the CD-test

InCO, InY InY? InEGY  InFD InTO
CDtest 7.55% 64.17%*  64.18*%  3595*%  34.86* 47.66*
pvalue  0.00 0.00 0.00 0.00 0.00 0.00

*Statistical significance at 1 % level

Table 3  Results from panel unit root tests

CADF CIPS

Level A Level A
InCO, —2.34 —4.75% —2.58 —5.95%
InY —2.27 —3.66* —221 —4.41*
InY? —2.23 —3.63* -2.20 —4.38%
InEGY —2.27 —4.56* —2.48 —6.08*
InFD -1.26 —3.54* -1.27 —4.74*
InTO —2.47 —3.92% —2.07 —5.06*

A denotes for the first differences

*Statistical significance at 1 % level

cointegration test requires the panel time series to be non-
stationary at levels, the analyzed variables meet the necessary
requirement.

Panel cointegration test

Despite the fact that the Pedroni, the Kao and the Johansen
panel cointegration tests are commonly used in the literature,
they have drawbacks of relying the assumption of cross-
section dependence. Furthermore, failure to take into consid-
eration of the issue of cross-section dependence causes loss of
power in identifying the cointegration relationship among
panel time-series data. Therefore, this study employs the LM
bootstrap cointegration test considered as a second-generation
cointegration test developed by Westerlund and Edgerton
(2007) so as to check whether or not the level of emissions,
real income, the quadratic real income, EGY, TO and FD are
cointegrated. The bootstrap cointegration test take into con-
sideration of both issues of dependent cross-sections and het-
erogeneity in identifying the cointegration relation among the
variables, and thus is superior to the aforementioned first-
generation cointegration tests. In addition, this test assumes
the null hypothesis of cointegration.

Results from the bootstrap cointegration test are presented
in Table 4. By referring to the bootstrap p value (0.98), we
have no evidence to reject the null hypothesis of cointegration
among CO, emissions, real income, the square of real income,
energy consumption, financial development and trade open-
ness for the OECD countries. We can confidently conclude
that the analyzed variables have a long-run relationship. More

Table 4 Results from panel cointegration test

Test LM statistic Bootstrap
p value
LM bootstrap cointegration 11.91 0.98

The bootstrap test is computed by stochastic simulations using 5000
replications

@ Springer
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importantly, the finding of cointegration relationship among
CO,, Y, Y2, EGY, FD and TO is efficient, robust, and accurate
since the LM cointegration test handle the issues of dependent
cross-sections and heterogeneity in the estimation procedure.

Long-run estimates

An important inference of an empirical study is to estimate
long-run coefficients on the explanatory variables (Y, Y2,
EGY, FD, TO) once one confirms that the level of emissions,
real income, the quadratic real income, trade openness, energy
consumption and financial development has a long-run rela-
tionship. Nearly all studies in the literature use either the or-
dinary least squares estimates (OLS) or the dynamic OLS
(DOLS) and/or the fully modified OLS (FMOLS); however,
they may fail to produce efficient and accurate long-run coef-
ficient estimates since the aforementioned estimators rely on
the assumption of independent cross-sections. In addition to
testing cross-sectional independence and homogeneity for in-
dividual panel time-series data reported in Tables 1 and 2, we
also investigate the issues of cross-sectional dependence and
heterogeneity for model 4, {CO,|Y, Y?, EGY, ED, TO), by
using Pesaran’s CD test and the method of Pesaran and
Yamagata (2008). Results reported in Table 5 indicate that
we have enough evidence to reject the null hypothesis of ho-
mogeneity and the null hypothesis of independent cross-sec-
tions, which support country-specific heterogeneity and cross-
sectional dependence for sample countries for the proposed
model 4.

Given the presence of the issues of cross-sectional depen-
dence and heterogeneity in panel data, we should use a
second-generation estimator that takes into account the men-
tioned issues rather than the DOLS and the FMOLS. Hence,
this study employs a second-generation long-run estimator,
namely the dynamic seemingly unrelated cointegrating regres-
sions (DSUR) due to Mark et al. (2005). In case that, 7" is
relatively greater than N; the DSUR estimator can still be a
good and useful predictor with consistent and asymptotically
normal distribution. Results from the DSUR estimator are
posted in Table 6.

Table 5 Results from cross-sectional independence and homogeneity
tests

Test Statistic p value
CD test (Pesaran 2004) 6.73* 0.00
- 24.66* 0.00
A (Pesaran and Yamagata 2008)
26.87* 0.00

Aw i (Pesaran and Yamagata 2008)

These tests are for model 4, {(CO,|Y, Y2, EGY, FD, TO)
*Statistical significance at 1 % level
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Table 6 Results from the panel DSUR

Regressors Coefficient t-statistic p value
InY 4.48* 89.61 0.00
Iny? —0.22% -11.30 0.00
InEGY 0.66* 22.06 0.00
InFD —0.04* —44.10 0.00
InTO —0.02* —-11.00 0.00

The dependent variable is CO,
*Statistical significance at 1 % level

The reported coefficients in Table 6 are statistically signif-
icant at 1 % level. Because the panel data are transformed into
their natural logarithm, the coefficients on Y, Y?, EGY, FD
and TO are equal to the elasticities of carbon emissions with
respect to real income, the square of real income, energy con-
sumption, financial development, and trade openness, respec-
tively. Regarding real income, it is found that the signs of the
coefficient estimates of real income and the quadratic real
income are positive (+4.48) and negative (—0.22), respective-
ly. More precisely, the (partial) marginal effect of real income
on carbon emissions is computed by (3 +2*(5,*Y, indicating
that the (partial) marginal effect of real income on the level of
emissions is clearly positive for the group of low-income
OECD countries, but it decreases and eventually becomes
negative as they shift to the group of high-income countries.
In other words, increases in real income leads to environmen-
tal improvements as the OECD countries pass the threshold
income level. This conclusion supports the existence of the
EKC hypothesis for the sample OECD countries. It is consis-
tent with Apergis and Payne (2009), Atici (2009), Lean and
Smyth (2010), Pao and Tsai (2011), Nasir and Rehman
(2011), Jalil and Feridun (2011), Saboori et al. (2012),
Shahbaz et al. (2014), Yavuz (2014), Lau et al. (2014), Al-
Mulali et al. (2015), Kasman and Duman (2015), Seker et al.
(2015), Tang and Tan (2015), Javid and Sharif (2016), Dogan
and Seker (2016) and Zaman et al. (2016). In addition, we find
that the threshold level of per capita income equals to approx-
imately $26,500 given that the turning point is calculated by
exp(—4.48/2*%0.22). The turning point is found $1785 for a
panel of Central America countries (Apergis and Payne
2009), $2320 for a panel of ASEAN countries (Lean and
Smyth 2010), $625 for Pakistan (Nasir and Rehman 2011),
$4700 for Malaysia (Saboori et al. 2012), $2100 for Tunisia
(Shahbaz et al. 2014), $5150 for Turkey (Seker et al. 2015),
$4000 for a panel of the EU members and candidate countries
(Kasman and Duman 2015), and $59,000 for a panel of
OECD countries (Jebli et al. 2016). The turning point substan-
tially varies across countries and panels.

Regarding the influence of energy consumption on carbon
emissions in the OECD countries, a 1 % increase in energy
consumption boosts the level of emissions 0.66 %. As sample
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countries consume more energy, they also produce more car-
bon emissions. The positive coefficient on energy consump-
tion for CO, emissions is in line with Say and Yucel (20006),
Ang (2007), Soytas et al. (2007), Apergis and Payne (2009),
Atici (2009), Halicioglu (2009), Lean and Smyth (2010),
Acaravci and Ozturk (2010), Pao et al. (2011), Pao and Tsai
(2011), Hossain (2011), Nasir and Rehman (2011), Jalil and
Feridun (2011), Alam et al. (2012), Park and Hong (2013),
Omri (2013), Shahbaz et al. (2013), Lau et al. (2014), Shahbaz
etal. (2014), Farhani et al. (2014), Yavuz (2014), Kasman and
Duman (2015), Dogan et al. (2015), Baek (2015), Seker et al.
(2015), Al-Mulali et al. (2015), Shahbaz et al. (2015), Tang
and Tan (2015), Farhani and Ozturk (2015), Dogan and
Turkekul (2016), Javid and Sharif (2016), and Zhang and
Gao (2016). The OECD countries are advised to increase the
level of energy efficiency as well as increase the share of
renewable sources in energy mix referring to Shafiei and
Salim (2014) and Jebli et al. (2016) who find that increases
in renewable energy consumption lessen the level of emis-
sions whereas increases in non-renewable energy consump-
tion stimulate carbon emissions in the OECD countries.
Therefore, the OECD countries should pay more attention
on the development of methods for increased energy efficien-
cy, renewable energy, and environmental protection.

The elasticity of CO, emissions with respect to financial
development is —0.04. It indicates that increases in financial
development in the OECD countries mitigate the level of
emissions. This finding is consistent with that of Jalil and
Feridun (2011), Shahbaz et al. (2013), Tang and Tan (2015),
Shahbaz et al. (2015), and Al-Mulali et al. (2015). The coef-
ficient estimate of trade openness for carbon emissions is
—0.02. In words, a 1 % rise in trade openness lowers the levels
of carbon emissions by 0.02 % for the OECD countries. The
adverse influence of trade openness is line with Jalil and
Mahmud (2009), Hossain (2011), Jayanthakumaran et al.
(2012), Shahbaz et al. (2013), Dogan and Turkekul (2016),
Jebli et al. (2016), and Javid and Sharif (2016). It seems that
technique and composition effects of trade openness dominate
the scale effect, and the OECD countries specialize in the
production of non-energy intensive goods and services. The
OECD members likely take advantages of technology spill-
over through trade and financial development. In addition,
energy intensive and dirty industries operated in the OECD
countries seem to prefer to move to developing and undevel-
oped countries wherein relatively less environmental stan-
dards are regulated. The latter case mainly refers to the
pollution-haven hypothesis which asserts that the developed
countries with public awareness of environmental pollution
make dirty factories to relocate and operate in countries with
lower environmental regulations and enforcements (Cole
2004). This study thus suggests that the OECD countries
should support increased trade openness and financial devel-
opment, and should keep forcing dirty industries by

environmental regulations to move to other countries or to
use environmentally friendly technologies in their production
processes.

Panel Granger causality test

The coefficients obtained from the DSUR estimator undoubt-
edly offer significant inferences but do not reveal the direction
of Granger causality among the analyzed variables.
Notwithstanding, it is also of interest for researchers to find
out information regarding the causal relationship between car-
bon emissions, real income, energy consumption, financial
development and trade openness. Rather than first-
generation panel Granger causality techniques (e.g., pairwise
and the VECM Granger causality tests), we use the bootstrap
panel Granger causality test developed by Emirmahmutoglu
and Kose (2011) accounting for both issues of heterogeneity
and cross-sectional dependence in panels.

Results from the bootstrap panel Granger causality test due
to Emirmahmutoglu and Kose (2011) are reported in Table 7.
We have enough evidence to conclude that there is bidirec-
tional causality between CO, emissions and energy consump-
tion, the levels of emissions and trade openness, real income
and financial development, the square of real income and fi-
nancial development, real income and trade openness, qua-
dratic real income and trade openness, energy consumption
and financial development, and energy consumption and trade
openness. In addition, empirical findings support one-way
Granger causality running from real income to CO, emissions,
from the square of real income to pollution, from energy con-
sumption to real income, from energy consumption to qua-
dratic real income and from financial development to trade
openness. The outcomes are consistent with Soytas et al.
(2007), Ang (2007), Halicioglu (2009), Apergis and Payne
(2009), Nasir and Rehman (2011), Hossain (2011),
Chandran and Tang (2013), Shahbaz et al. (2013), Dogan
(2014), Cowan et al. (2014), Ajmi et al. (2015), Alshehry
and Belloumi (2015), Kasman and Duman (2015), Ucak
et al. (2015), Shahbaz et al. (2015), Seker et al. (2015), Tang
and Tan (2015), Dogan and Turkekul (2016), and Zhang and
Gao (2016).

The overall conclusion that we reach on causal relationship
among CO, emissions, real income, energy consumption, fi-
nancial development and trade openness is also consistent
with the findings that we obtain in the previous section. In
detail, real income, energy consumption, financial develop-
ment, and trade openness determine the level of emissions.
In addition, carbon emissions also Granger cause financial
development, trade openness and energy consumption, likely
indicating that increases in pollution lead the OECD countries
to encourage and support trade and financial development as
well as to focus and invest on environmentally friendly ener-
gy. Furthermore, the sample countries face a tradeoff between
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Table 7 Results from the

Emirmahmutoglu-Kose Granger Hypothesis Fisher statistic p value Conclusion

causality test
InY — InCO, 50.22%%* 0.02 One-way causality from InY to InCO,
InCO, — InY 38.71 0.19
InY? — InCO, 50.24%%* 0.02 One-way causality from InY? to InCO,
InCO, — InY? 37.57 0.22
InEGY — InCO, 42.38* 0.10 Two-way causality between InEGY and InCO,
InCO, —» nEGY 54.60%** 0.00
InFD — InCO, 42.49* 0.10 One-way causality from InFD to InCO,
InCO, — InFD 27.19 0.71
InTO — InCO, 58.10%** 0.00 Two-way causality between InCO, and InTO
InCO, — InTO 46.97** 0.04
InEGY — InY 50.21%* 0.02 One-way causality from InEGY to InY
InY — InEGY 37.97 0.21
InEGY — InY? 50.46%* 0.02 One-way causality from InEGY to InY?
InY?> — InEGY 38.00 0.21
InFD — InY 85.80%** 0.00 Two-way causality between InFD and InY
InY — InFD 58.39%x* 0.00
InFD — InY? 86.34%** 0.00 Two-way causality between InFD and InY?>
InY? — InFD 59.02%** 0.00
InTO — InY 47.71%* 0.03 Two-way causality between InTO and InY
InY — InTO 59.13%** 0.00
InTO — InY? 47.83%* 0.03 Two-way causality between InTO to InY>
InY> — InTO 59.4] %%+ 0.00
InEGY — InFD 43.39* 0.08 Two-way causality between InFD and InY
InFD — InEGY 57.99%x* 0.00
InEGY — InTO 45.18* 0.06 Two-way causality between InTO to InNEGY
InTO — InEGY 56.67*** 0.00
InFD — InTO 45.97** 0.05 One-way causality from InFD to InTO
InTO — InFD 28.47 0.64

wkx K%k Statistical significance at 1 % level, 5 % level, and 10 % level, respectively

decreasing energy consumption for lower pollution and in-
creasing energy consumption for higher real income since
both energy-led-pollution and energy-led-income hypotheses
are supported. Thus, regulatory policies should be carefully
implemented considering the mentioned dilemma. Last, this
study supports feedback hypothesis between real income and
trade openness, and between real income and financial devel-
opment. This implies that increases in trade and financial de-
velopment not only directly but also indirectly (through real
income) mitigate the level emissions since the EKC hypothe-
sis is valid for the OECD countries. Hence, the governments
should impose necessary policies to stimulate trade and finan-
cial development for lower levels of pollution and higher
levels of real income.

Conclusions and policy implications
The last conference on the climate change with the participa-
tion of more than 190 nations was held in Paris in November—

December 2015. Because the achievement of targeted global
warming by 2100 requires continued reductions in greenhouse
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gas emissions, it becomes a globally hot topic to investigate
and expose the long-run determinants of the level of emis-
sions. In consistent with the recent global trend, this empirical
research aims to analyze the influence of real income, the
quadratic real income, energy consumption, financial devel-
opment, and trade openness on CO, emissions for the OECD
countries in the well-known EKC model. Because the OECD
accounts for a large part of worldwide carbon emissions, real
income (gross domestic product), energy consumption, and
trade and financial activities, the empirical results obtained
in this study are of essential guidance to governments in shap-
ing environmental regulations and policies.

The DSUR estimator reports that financial development
and trade openness decrease carbon emissions; on the other
hand, energy consumption contributes to the level of emis-
sions. The validity of the EKC hypothesis is supported for
the OECD countries, implying that as the OECD countries
reach and pass the threshold income level, increases in real
income lead to environmental improvements. The
Emirmahmutoglu-Kose Granger causality show the existence
of two-way Granger causality between CO, and energy con-
sumption, and between emissions and trade openness, and the
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presence of one-way Granger causality running from real in-
come to CO, emissions, from energy consumption to real
income. In order to reduce the level of emissions, the OECD
countries are advised to increase energy efficiency, stimulate
trade and financial development through encouragement acts,
force dirty and energy-intensive firms by strict environmental
regulations to move to other countries with less environmental
laws, support scientific intuitions to develop more energy ef-
ficient machines used in production processes, and increase
the public awareness of environmental protection. The policy
implications discussed in this study are robust and accurate
since we use panel models that account for generally
overlooked issues of cross-sectional dependence and
heterogeneity.
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