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ABSTRACT 

The primary objective of this study is to examine the relationship between carbon dioxide (CO2) 
emissions, energy consumption, income inequality, and poverty within the framework of the Environmental 
Kuznets Curve (EKC) in 14 developed and ten developing countries over the period 2000-2018. We employed the 
Fourier unit root test and Dynamic Seemingly Unrelated Regression (DSUR) estimator to analyze the relationship 
between these variables. The results show that in developing countries, income inequality, poverty, and energy 
consumption positively affect CO2 emission. In contrast, in developed countries, there is no significant relationship 
between these variables. Moreover, we found out that the EKC hypothesis, which suggests an inverted U-shaped 
relationship between per capita income and CO2 emissions, is valid in developed countries and invalid in 
developing countries. We determined that the turning points obtained from regression analysis are outside of the 
sample period in five developing countries (Argentina, Armenia, Kazakhstan, Panama, and Uruguay). These 
results show that income inequality and poverty can indirectly affect environmental quality by energy consumption 
in developing countries. 
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1. Introduction 1 
Identifying the sources of economic growth and the nature of the economic development and environment 2 

nexus is a complicated issue. Technological change-oriented growth does not cause climate changes such as 3 
ecological deterioration and air pollution, while growth due to increased use of resources may cause climate 4 
changes (Sarkodie,2018). These effects and interactions bring to mind the Environmental Kuznets Curve (EKC) 5 
hypothesis. This hypothesis cannot be ignored while investigating the relationship between pollution and national 6 
income (Mahmood et al.,2020).  7 

Although Kuznets developed the EKC in 1955, the idea of EKC became popular with the study of 8 
Grossman and Krueger’s (1991). According to this hypothesis, while the economic development activities cause 9 
the environmental conditions to deteriorate, economic growth also includes the solution to environmental 10 
degradation (Kuznets,1955). The EKC expresses that economic growth causes a disruptive effect on the 11 
environment; however, after a certain point of income level, the disruptive impact to the environment caused by 12 
the economic growth starts to decrease due to the rise in the country’s income (Ahmed et al., 2017). This quadratic 13 
effect is known as the EKC hypothesis (Grossman and Krueger, 1991). The EKC hypothesis presumes that the 14 
environmental degradation and income nexus is inverted-U shaped, not linear (Kusumawardani and Dewi, 2020).  15 

Economic growth is an essential component of environmental degradation (Bimonte, 2002). But the other 16 
variables such as income distribution, poverty, education may play an essential role in determining environmental 17 
quality. Baek and Gweisah (2013) expressed that early researhes in the EKC literature did not reflect reality since 18 
only GDP per capita was used to clarify environmental degradation in these studies. Thus, early studies ignoring 19 
variables that are essential determinants of ecological problems may be biased (Iwata et al., 2010). Last studies 20 
indicate that some variables such as energy consumption (Ahmed et al.,2017; Muhammad, 2019), financial 21 
development (Charfeddine and Khediri, 2016; Pata, 2018), foreign direct investments (Shahbaz et al., 2019; 22 
Mahmood et al., 2020), trade openness (Lebe, 2016), and the urbanization (Al-Mulali et al., 2015; McGee and 23 
Greiner, 2018) can explain the environmental pollution. Therefore, the EKC hypothesis has been tested for a long 24 
time focusing on CO2 emissions and different other variables, such as foreign direct investment, energy 25 
consumption, financial development, trade openness, industrialization, export, import, labor, capital, urbanization, 26 
and globalization. Researchers have been using similar variables in addition to per capita income and 27 
environmental degradation to remove the problem of ignored variables. Thus, poverty and income distribution 28 
which have essential social and economic effects, are usually not used as a determinant in EKC studies and have 29 
been ignored (Torras and Boyce, 1998; Baek and Gweisah, 2013; Morse, 2018). Thereby, as income distribution 30 
and poverty are not attached to studies, possible relationships between income distribution, poverty, and 31 
environmental degradation cannot be exposed (Wolde-Rufael and Idowu, 2017; Grunewald et al., 2017).  32 

The problem of income inequality and poverty is economical for developing countries and also constitutes 33 
social and political issues. Governments tend to focus on poverty alleviation and income inequality-reducing 34 
policies instead of macroeconomic issues such as economic growth and employment in countries with high-income 35 
inequality and poverty. Therefore, policymakers cannot implement enough strategies to increase personal income. 36 
In these countries, social problems such as a low level of culture and education, insufficiency of health services, 37 
and inadequate environmental consciousness development are usually encountered. Thus, it is expected that 38 
individuals in countries where income inequality and poverty high polluted the environment more compare to 39 
individuals in countries with low-income inequality and poverty. This result causes higher CO2 emissions in 40 
countries with high poverty and income inequality than countries with low-poverty and income inequality, as the 41 
EKC hypothesis suggests. According to the EKC hypothesis, with economic development, production, and 42 
industrial activities increase. Thus, environmental pollution increases along with economic growth in the first 43 
phase of development (Onafowora and Owoye, 2014). On the other hand, economic growth does not increase 44 
environmental pollution in the advanced stage of development. As mentioned above, the personal income level, 45 
level of education, and culture have improved in this phase. Moreover, the use of high-tech and environment-46 
friendly technology has increased. For these reasons, CO2 emissions decrease in these countries. 47 

At the early stages of countries' development, where poverty is still pervasive, there is low environmental 48 
awareness, ineffective tax collection, and much funding cannot be allocated for environmental protection 49 
(Panayotou, 1993). EKC hypothesis expresses that this stage is the initial stage. At the first stages of economic 50 
development, multidimensional poverty is high. Therefore, environmental conservation policies are usually 51 
neglected in initial stage of economic growth. On the other hand, in the later stages of growth, there is a significant 52 
increase in income levels along with awareness of environmental sustainability, sufficient institutional quality, 53 
innovation, and diffusion of technology which contributes a decrease in environmental degradation (Sarkodie and 54 
Strezov, 2019). 55 

Environmental degradation, poverty, and income inequality are some of the critical global issues that wait 56 
to resolve. However, the interactions of these variables in the literature of ecological economics have not been 57 
adequately analyzed.  In the literature, studies have generally focused on the income inequality and environmental 58 
degradation nexus. Our study conceptualizes poverty and income inequality as an indicator of environmental 59 
degradation. We use the EKC hypothesis to test the GDP, poverty, and income inequality nexus in developing and 60 
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developed countries. Thus, it is expected that this study connects the three directions of sustainable growth, 61 
including the social, economic, and environmental aspects, and fills in the research gap observed in the CO2 62 
emissions, poverty, and inequality, poverty nexus. 63 

We have tested the EKC hypothesis in 24 countries (10 developing and 14 developed countries) between 64 
2000-2018. We have applied Dynamic SUR estimator. As control variables, we used energy consumption, poverty, 65 
and income inequality. This study has probably three main contributions. This study contributes to the literature 66 
in three-way i) Although the earlier studies investigate the EKC linkage between income per capita and energy 67 
consumption, almost no studies explore this relationship for income poverty and inequality (Hassan et al., 2015). 68 
Given the importance of environmental degradation, it is crucial to fill this gap. ii) In this study, we used the 69 
Fourier panel unit root test and dynamic SUR test, unlike conventional econometric methods in the literature. 70 
These tests make the study different from the other studies in the literature as these tests take into consideration 71 
the structural shifts and cross-section dependence between observed countries. Neglecting the structural changes 72 
and the cross-section dependence between cross-section units may lead to bias results. iii) Finally, to test the 73 
validity of EKC by including poverty and income inequality variables in our analyzes, a large population of 74 
countries was formed, including developed and developing countries. This paper can provide developing countries 75 
information about how developed countries reach their current economic conditions. Also, such studies can help 76 
policymakers in implementing a suitable and effective policy to control environmental degradation and support 77 
sustainable growth and development. 78 

This study is organized as follows: In the second part, there is literature about the EKC hypothesis 79 
focusing on income inequality and poverty nexus. In the third part, the data and the methods used in the study can 80 
be found. In the fourth part, there are empirical findings, and in the last part, there is a section for the results and 81 
policy recommendations. 82 

 83 
2. Literature review 84 
In this section, we will review the literature on income inequality and macroeconomic variables nexus 85 

based on the Kuznets curve theory. Then, we will focus on the relationships between poverty, income inequality, 86 
and the EKC hypothesis, in line with our purpose. 87 

The studies of Holtz-Eakin and Selden (1995), Grossman and Krueger (1995), and Cole et al. (1997) are 88 
accepted as the pioneer studies to confirm the EKC hypothesis. These studies stated that environmental pollution 89 
increases with income level in the early stages and declines when income level exceeds a certain level. Since that 90 
time, it is seen that empirical studies on EKC have intensified, especially in 20171 and beyond. 91 

The role of income inequality for socio-economic developments has been extensively considered in the 92 
literature. In some of these studies, the relationship between income inequality and macroeconomic variables such 93 
as financial development, economic growth, export diversification, and such has been examined, and findings that 94 
confirm the EKC hypothesis have been obtained (Campano and Salvatore,1988; Nielsen and Alderson,1997; 95 
Paweenawat and McNown,2014; Meniago and Asongu,2018; Le et al.,2020). In some empirical studies, 96 
conclusions that do not support the EKC hypothesis have been obtained. (Papanek and Kyn,1986; List and 97 
Gallet,1999; Galor and Moav,2004; Perera and Lee,2013; Yang and Greaney,2017).  98 

As previously expressed, empirical studies focus on to designate environmental degradation, income 99 
inequality, and poverty nexus. All of these studies only researched the relationship between ecological degradation 100 
& income inequality or poverty & ecological degradation in the analysis (Magnani,2000; Baek and Gweisah,2013; 101 
Ali et al.,2016; Hao et al.,2016; Grunewald et al.,2017; Knight et al., 2017; Jorgenson et al.,2017; McGee and 102 
Greiner,2018; Khan et al.,2018; Liu et al.,2019; Uzar and Eyuboglu,2019; Kusumawardani and Dewi,2020). 103 
Poverty has been neglected in these analyses. For example, Magnani (2000) analyzed the effects of income 104 
inequality on CO2 emissions in OECD countries between 1980-1991. He concluded that there was a U-shaped 105 
relation between CO2 emissions and economic growth. Also, he found that income equality decreased CO2 106 
emissions. Baek and Gweisah (2013) researched the effects of income inequality on CO2 emissions using the 107 
Autoregressive Distributed Lag Model (ARDL) approach. They concluded that there was an equal income 108 
distribution in better environmental quality. Hao et al. (2016) investigated the impacts of income inequality on 109 
CO2 emissions using the Generalized Method of Moments technique between 1995-2012 in China. Findings 110 
indicated that CO2 emissions increase as income inequality rises. Also, there was a U-shaped relation between 111 
economic growth and CO2 emissions. Ali et al. (2016) analyzed the impact of income inequality on the CO2 112 
emissions of Africa using the panel ARDL method. They concluded that the impact of income inequality on CO2 113 
emissions was negative, and increasing income inequality could reduce CO2 emissions. Grunewald et al. (2017) 114 
researched the CO2 emissions and income inequality nexus in 158 countries between 1980-2008. They found that 115 
the impact of income inequality on CO2 emissions was negative. Besides, they found that the relationship depends 116 
on the level of income. Accordingly, the authors determined that higher income inequality caused lower carbon 117 
emissions in low and middle-income economies; in return for this, they found the income inequality increased per 118 

 
1 See the study of Sarkodie, S.A., Strezov, V. (2019) for detailed literature about the EKC hypothesis. 
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capita emissions in upper-middle-income and high-income economies. Also, the empirical results confirm the 119 
EKC hypothesis. Knight et al. (2017) investigated carbon dioxide emissions and domestic wealth inequality nexus 120 
in 26 high-income countries between 2000- 2010. They concluded that income inequality is significantly and 121 
positively effect on CO2 emissions in high-income countries. Jorgenson et al. (2017) investigated the linkage 122 
between income inequality measures (the income share of the top 10% and the Gini coefficient) and CO2 emissions 123 
in the US. However, the EKC hypothesis was not tested in this study. Findings show that income inequality 124 
positively affects the CO2 emissions. On the other hand, the authors concluded that the effect of Gini coefficient 125 
on carbon dioxide emissions is insignificant. McGee and Greiner (2018) investigated how income distribution 126 
affects the linkage between CO2 emissions and economic growth in the 38 most developed nations between 1985-127 
2011. They determined that increasing income inequality involves to a tighter coupling between CO2 emissions 128 
and economic growth in developed countries. Also, no evidence to confirm the traditional EKC hypothesis could 129 
not be found in this study. Khan et al. (2018) examined the impacts of income inequality on carbon dioxide 130 
emissions for the three developing Asian countries over 1980-2014. The results reveal that income inequality 131 
decreases the CO2 emission in Pakistan and India, while the result in Bangladesh is the opposite. Also, the results 132 
of the analysis confirm the validity EKC hypothesis’ validity in Pakistan and India. Liu et al. (2019) examined 133 
how the income distribution within 30 Chinese provinces affected the CO2 emissions of these province between 134 
1996-2014. The authors found that income inequality enhanced CO2 emissions and this result confirms the EKC 135 
hypothesis. Uzar and Eyuboglu (2019) examined the impact of income distribution on Turkey’s CO2 emissions 136 
during 1984-2014 using ARDL. The authors found that income inequality positively affects CO2 emissions, and 137 
the Gini coefficient is the Granger-cause of CO2 emission. They also concluded that the EKC is valid in Turkey. 138 
Kusumawardani and Dewi (2020) tested the effect of income inequality on Indonesia’s CO2 emissions between 139 
1975-2017. They used the ARDL method for analysis and determined that income inequality negatively affects 140 
CO2 emissions. Consequently, they confirmed the validity of the EKC hypothesis. These studies’ common feature 141 
in the literature is to test the environmental degradation and income inequality nexus in the countries and regions 142 
considered. 143 

Although there are lots of study about CO2 emissions and income inequality, few studies are dealing with 144 
the relationship between environmental degradation and poverty (Zaman et al.,2011; Rizk and Ben Slimane,2018; 145 
Koçak et al.,2019; Khan,2019; Baloch et al., 2020; Dhrifi et al.,2020). For instance, Zaman et al. (2011) 146 
investigated the relationship between environment degradation and poverty in Pakistan from 1975 to 2009 using 147 
the ARDL method. The results show that air pollution caused poverty. Rizk and Ben Slimane (2018) researched 148 
the linkage between poverty and CO2 emission in 146 countries between 1996-2014. The authors found a negative 149 
linkage between CO2 emission and poverty for both low-high income countries and the overall sample, and an 150 
inverted N-shaped linkage was revealed between poverty and CO2 emissions. Koçak et al. (2019) analyzed the 151 
CO2 emissions and poverty nexus in the 48 Sub-Saharan African countries between 2010-2016. They used panel 152 
data methods. The results of analysis show that there is a strong linkage between poverty alleviation and CO2 153 
emissions reduction efforts. Khan (2019) examined the role of poverty under environmental deterioration in 154 
ASEAN states between 2007-2017. The results show that there is a significant and positive linkage between 155 
environmental degradation and poverty. Findings indicate that an increase in income inequality and poverty cause 156 
rising CO2 emissions. However, the EKC hypothesis was not tested in the study. Baloch et al. (2020) researched 157 
the income inequality, poverty, and CO2 emissions nexus in 40 Sub-Saharan African countries for the period 158 
between 2010 and 2016. Dhrifi et al. (2020) tested the CO2 emission and poverty nexus in 98 developing countries 159 
between 1995-2017. As a result of the analysis, a bi-directional causal link between CO2 emission and poverty 160 
was determined. Besides, they found that poverty negatively affects CO2 emissions and confirms the EKC 161 
hypothesis’s validity. 162 

There is a lack of studies in the literature that address both poverty and income inequality within the EKC 163 
hypothesis framework. The EKC study, which includes poverty and inequality, is almost absent except for the 164 
study of Hassan et al. (2015). Hassan et al. (2015) investigated affecting CO2 emissions because of changes in 165 
poverty, inequality, and growth triangle in Pakistan between 1980-2011. The used cointegration approach for the 166 
analysis. The authors concluded that there was no significant linkage between poverty and CO2 emissions, while 167 
there was a negative linkage between CO2 emissions and income inequality. On the other side, they revealed that 168 
there was a positive linkage between poverty and income inequality. The results confirm the EKC hypothesis’s 169 
validity.  170 

 171 
3. Data and Methodology  172 
3.1. Data 173 
In this study, we used the Gini coefficient (GINI), poverty (POV), real gross domestic product per capita 174 

(GDP), carbon dioxide emissions (CO2), and energy consumption (EC) for the analysis. The annual data covers 175 
the period from 2000 to 2018 for ten developing and 14 developed countries was used. The GINI coefficient, 176 
which measures the Lorenz curve's maximum area and an imaginary line representing perfect equality, is used to 177 
obtain income inequality measures. POV is the population ratio that lives on less than $3.20 per day to the total 178 
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population. GDP and its square represent the real GDP measured as US dollars in 2010 prices. EC is measured in 179 
billion-kilowatt hours. CO2 is used as per capita. Poverty, Gini coefficient, and real GDP per capita data were 180 
procured from World Development Indicators (WDI). The CO2 emissions and energy use data were procured from 181 
the Energy Information Administration (EIA). All variables were used in logarithmic form. We preferred data and 182 
countries according to their availability in the database. 183 

 184 
3.2.Theoretical model 185 
EKC hypothesis states that environmental degradation increases at the first stage of growth. Nevertheless, 186 

after reaching income at a certain level, the quality of the environment slowly starts to improve. The model that is 187 
the basis of the study is defined as follows: 188 

 189 
CO2= f(GDP, GDP2,EC,POV,GINI)                                                    (1) 190 
 191 
In Eq.(1), EC, POV, and GINI represent the control variables. Eq. (1) can be derived to establish the 192 

dynamic linkage between GDP per capita, energy consumption, poverty, income inequality, and CO2 emission is 193 
as follows: 194 
 195 

   (2) 196 
 197 

Eq. (2) indicates the log-linear quadratic model applied in this study. CO2 determines the carbon dioxide emission 198 
per capita that is often used for environmental degradation. GDP is real gross domestic product per capita that 199 
denotes the economic growth, EC is energy consumption, POV is poverty, GINI is income inequality, and 𝜀𝑖𝑡  is 200 
an error term of the regression. The EKC hypothesis describes the 𝛼1 and 𝛼2 coefficients are negative and positive, 201 
respectively. The 𝛼3, 𝛼4, and 𝛼5 coefficients can be determined in this study. All variables in the analysis are used 202 
in a logarithmic form. 203 

 204 
3.3. Fourier Panel Unit Root Test 205 
We use the panel unit root test developed by Nazlioglu and Karul (2017), which takes into consideration 206 

gradual structural breaks and cross-sectional dependency in this study. This test also allows heterogeneity across 207 
cross-sectional units. It can capture the unknown nature of structural breaks without information about the number 208 
of breaks. This method's test procedure bases on the unit root test that structural changes are modeled with a Fourier 209 
approximation, developed by Becker et al. (2006). In this test, the cross-section dependency problem is also tackled 210 
with a common factor structure as in the panel unit root test developed by Hadri and Kurozumi (2011,2012). The 211 
individual statistic and panel statistic have a Fourier frequency and a standard normal distribution, respectively. 212 
The null hypothesis of this test indicates the stationarity, while the alternative hypothesis shows the non-213 
stationarity. 214 

 215 
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1
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2

i%  228 
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The Fourier panel statistic (FP(k)) is obtained by individual statistics’ average. The FP (k) can be 231 
calculated as follows: 232 

 233 

1

1
( ) ( )

N

i

i

FP k k
N


=

=            (7) 234 

 235 
3.4. Dynamic SUR  236 
Dynamic SUR estimator (DSUR) developed by Mark et al. (2005) takes into consideration the cross-237 

sectional dependence to estimate the model. Wald statistics, which have restrictive chi-square distributions, can 238 
be constituted to analyze cross-equation restrictions such as heterogeneity restrictions and homogeneity restrictions 239 
in the co-integration vectors. DSUR estimator can be implemented in two-steps. In the first step, the regression in 240 
each model is regressed on the leads and lags of the first difference of the regressors. Thus, endogeneity problem, 241 
which means that the explanatory variables and error term are correlated, can be controlled. The SUR strategy is 242 
applied to the residuals from the first step regressions in the second step. DSUR, which estimates the multiple 243 
cointegrating regressions, is a parametric method. This method is applicable for balanced panels in which the 244 
number of cointegrating regression equations (N) is substantially smaller than the number of time-series 245 
observations (T). The method is feasible both in the heterogeneous panel and in the homogeneous panel. Also, the 246 
DSUR estimator considers the endogeneity (Mark et al., 2005). 247 

 248 
4. Empirical Findings 249 
4.1 Results of Panel Fourier Unit Root Test 250 
We used CDLM tests of Breusch and Pagan (1980) and Pesaran et al. (2008) to analyze whether there is a 251 

cross-sectional dependency. According to Table A1, the null hypothesis expresses that no cross-section 252 
dependence for the variable is rejected both in developing and developed countries. After determining the cross-253 
section dependence, we applied the FP unit root test. 254 

The results in Tables 1 and 2 show that the null of stationary hypothesis is rejected at least at a 10% 255 
significance level for both frequencies in all developed and developing countries. 256 

 257 
Table 1. The results of panel unit root test for developing country 258 

Country 

CO2 GDP GDP2 EC POV GINI 

k=1 k=2 k=1 k=2 k=1 k=2 k=1 k=2 k=1 k=2 k=1 k=2 

Argentina 0.18 0.17 0.40 0.10 0.09 0.09 0.72 0.26 0.57 0.62 0.33 0.27 

Bulgaria 0.87 0.17 1.08 0.25 1.08 0.25 2.76 0.11 0.29 0.07 0.09 0.06 

Estonia 0.08 0.12 0.08 0.22 0.08 0.22 0.06 0.20 0.14 0.08 0.12 0.11 

Kazakhstan 0.13 0.07 0.50 0.05 0.50 0.05 0.39 0.09 0.49 0.23 0.13 0.15 

Panama 0.06 0.12 0.53 0.22 0.53 0.22 0.66 0.60 0.35 0.04 0.31 0.25 

Romania 0.53 0.42 0.57 0.64 0.57 0.64 0.42 0.06 0.12 0.02 0.09 0.20 

Armenia 0.12 0.19 0.42 0.13 0.42 0.09 0.28 0.09 0.11 0.09 0.19 0.14 

Bolivia 0.30 0.28 0.09 0.66 0.09 0.68 0.18 0.21 0.06 0.09 0.09 0.05 

CostaRica 0.93 0.49 0.47 0.05 0.47 0.05 0.52 0.50 0.69 1.21 0.48 0.83 

Uruguay 0.33 0.04 0.09 0.19 0.09 0.19 0.13 0.08 1.68 0.25 0.04 0.06 

Panel st. 15.9 1.73 24.9 1.57 24.9 1.57 30.3 11.7 22.8 2.56 6.74 1.73 

p-value 0.00 0.08 0.00 0.06 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.04 

Note: Bold numbers state that the null of stationary hypothesis is accepted at the 10 percent level of significance. 
The analysis was applied to constant model. The critical values of constant model for individual statistics are 0.2699 
(1%), 0.1720 (5%), and 0.1318 (10%) for k=1; 0.6671 (1%), 0.4152 (5%), and 0.3150 (10%), for k=2. 

 259 
As a result of individual statistics, when the frequency is one, CO2 is stationary in five countries 260 

(Argentina, Estonia, Kazakhstan, Panama, Armenia). When the frequency is two, it is stationary in eight countries 261 
except for two countries (Romania, Costa Rica). GDP and GDP2 are stationary in two of the ten countries (Bolivia, 262 
Uruguay) when the Fourier frequency is one. GDP and its square are stationary in eight countries except for 263 
Romania and Bolivia when the frequency is two. EC is stationary in three of ten countries (Estonia, Bolivia, 264 
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Uruguay). When the Fourier frequency is two, except for two countries (Panama, Costa Rica), other countries are 265 
stationary. POV is stationary in four of ten countries (Estonia, Romania, Armenia, Bolivia) when the frequency is 266 
one. When the frequency is two, except for two countries (Argentina, Costa Rica), POV is stationary in eight 267 
countries. Finally, when the frequency is one, the GINI coefficient is found to be stationary in six countries 268 
(Estonia, Kazakhstan, Romania, Armenia, Bolivia, Uruguay). When the frequency is two, it is stationary in all of 269 
the countries except Costa Rika. 270 

The results for developed countries show similarity with the results of developing countries. According 271 
to Table 2, the null hypothesis of stationarity is rejected for six variables in developed countries. The overall panel 272 
results differ from individual statistics of countries. According to individual statistics, when the Fourier frequency 273 
is one, CO2 is stationary in three countries (Denmark, Ireland, Netherlands); GDP and GDP2 are stationary in one 274 
country (Canada). Also, EC is stationary in four countries (Netherlands, Norway, Sweden, US). Furthermore, POV 275 
is stationary in five countries (Austria, Ireland, Netherlands, Sweden, Switzerland); and GINI is stationary in six 276 
countries (Denmark, Finland, Germany, Ireland, Norway, Switzerland). When the Fourier frequency is two, we 277 
found that the number of variables determined as stationary increased. When the frequency is two, CO2 is 278 
stationary in eleven countries except for three countries (Canada, Finland, Italy). Furthermore, GDP and its square 279 
are stationary in one country (Japan); EC is stationary in six countries (Austria, France, Italy, Netherlands, Sweden, 280 
US). Also, POV is stationary in three countries (Canada, France, Switzerland); and GINI is stationary in six 281 
countries (Austria, Finland, France, Germany, Italy, Japan, Netherlands, Switzerland). 282 
 283 
Table 2. The results of panel unit root test for developed country 284 

Country 

CO2 GDP GDP2 EC POV GINI 

k=1 k=2 k=1 k=2 k=1 k=2 k=1 k=2 k=1 k=2 k=1 k=2 

Austria 0.31 0.07 1.50 0.65 1.50 0.65 0.26 0.16 0.08 0.35 0.41 0.17 

Canada 0.34 1.35 0.17 0.51 0.16 0.51 0.13 0.83 0.72 0.16 0.35 0.52 

Denmark 0.08 0.29 0.57 0.68 0.57 0.68 0.25 0.49 0.61 0.38 0.15 0.27 

Finland 0.48 0.44 0.61 0.89 0.61 0.89 0.19 0.49 0.35 0.69 0.18 0.16 

France 1.38 0.09 0.47 9.85 0.47 9.85 0.13 0.16 0.42 0.26 0.68 0.24 

Germany 0.19 0.24 0.66 0.80 0.66 0.80 0.12 0.21 0.40 0.48 0.05 0.15 

Ireland 0.19 0.28 0.92 2.65 0.92 2.65 0.20 0.21 0.17 0.35 0.07 1.45 

Italy 0.40 0.48 0.76 2.14 0.75 2.14 0.77 0.17 0.28 0.31 0.51 0.27 

Japan 0.25 0.25 0.37 0.40 0.37 0.40 0.54 0.42 0.29 0.80 0.29 0.29 

Netherlands 0.14 0.14 0.24 1.42 0.24 1.42 0.06 0.29 0.19 0.43 0.25 0.25 

Norway 0.32 0.26 2.09 5.46 2.09 5.46 0.09 0.32 0.56 0.33 0.06 0.30 

Sweden 0.35 0.31 0.21 0.69 0.21 0.69 0.08 0.11 0.18 0.36 1.14 0.35 

Switzerland 0.64 0.21 0.78 1.16 0.78 1.16 0.66 0.43 0.19 0.14 0.06 0.21 

US 0.62 0.30 0.23 0.98 0.23 0.98 0.17 0.20 0.40 0.81 0.53 0.50 

Panel st. 23.7 5.58 43.2 53.1 43.2 53.1 13.7 5.07 18.6 7.82 18.2 6.10 

p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Note: Bold numbers state that the null of stationary hypothesis is accepted at least at the 10 percent level of 
significance. The critical values of constant model for individual statistics are 0.2699(1%), 0.1720(5%), and 
0.1318(10%) for k=1; 0.6671(1%), 0.4152(5%), and 0.3150(10%) for k=2; 0.7182(1%), 0.4480(5%), and 
0.3393(10%) for k=3. 

 285 
The results of panel statistics indicate that all of the series include unit roots in both country groups. 286 

However, individual statistics differ between countries. In some countries, the series is stationary, while in others, 287 
they are non-stationary. But in most countries, when the Fourier frequency is one, it is determined that the series 288 
are non-stationary. These results indicate that CO2 emissions and energy consumption can be guided by the policies 289 
implemented by national and international organizations. Moreover, these results show that poverty and income 290 
inequality can be influenced by the policies implemented by policy authorities such as the government and the 291 
central bank. 292 

 293 
4.2. Results of dynamic SUR estimator 294 
According to Table 3, both GDP and GDP2 are positive. This result shows that CO2 emissions increase 295 

when the income level rises in developing countries, so the EKC hypothesis is not valid in developing countries 296 
because the linkage between CO2 and GDP is not inverted U-shaped. Also, individual statistics show that the EKC 297 
hypothesis is not valid in any ten developing countries. Besides, a significant amount of the monetary values of 298 
turning points for these ten developing countries are outside our study sample period. The turning points obtained 299 
as $11.556, $14.234, $25.754, $20.974, $7.348 for Argentina, Armenia, Kazakhstan, Panama, and Uruguay, 300 
respectively, are higher than per capita GDP, which occurred as $10.404, $4406, $10.867, $11.530, and $14.437, 301 
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respectively for these five countries. Therefore, environmental pollution continues increasing in Argentina, 302 
Armenia, Kazakhstan, Panama, and Uruguay because these countries have not yet reached these turning points. In 303 
the other five countries (Bulgaria, Estonia, Romania, Bolivia, Costa Rica), the turning points do not exceed to per 304 
capita GDP of these countries. 305 

Moreover, there are positive relationships from POV, GINI, and EC to CO2 in developing countries. When 306 
individual statistics are evaluated, it is shown that POV is statistically significant and positive in Argentina, 307 
Bulgaria, Kazakhstan, Bolivia, and Uruguay in Table 3. Also, GINI is significant and positive in Argentina, 308 
Bulgaria, Bolivia, and Costa Rica. Finally, EC is significant and positive in Argentina, Bulgaria, Estonia, Romania, 309 
and Uruguay. 310 

 311 
Table 3. The results of dynamic SUR estimator for developing countries 312 

Country 

GDP GDP2 POV GINI EC Turning 
point($) Coeff. t-st. Coeff. t-st. Coeff. t-st. Coeff. t-st. Coeff t-st. 

Argentina 0.28 7.27*** 0.142 7.275*** 0.12 1.901* 0.25 3.14*** 0.14 3.65*** 11.556 

Bulgaria 0.11 2.408** -0.01 -0.494 0.58 3.54*** 0.35 3.81*** 0.45 4.32*** 3.697 

Estonia 0.16 1.721 0.077 3.340*** 0.32 0.910 0.89 0.587 0.24 3.94*** 11.482 

Kazakhstan 0.30 12.2*** 0.153 16.08*** 0.26 2.541** 0.49 1.347 0.57 0.946 25.754 

Panama 0.93 3.62*** 0.488 3.315*** 0.37 0.914 -0.35 -1.245 0.12 1.087 20.974 

Romania -0.09 -0.876 -0.08 -1.976* 0.57 1.341 0.89 1.027 0.35 2.94** 2.006 

Armenia 0.36 4.46*** 0.160 6.585*** 0.15 1.241 -0.18 -0.987 0.87 1.247 14.234 

Bolivia 0.46 9.71*** 0.240 11.00*** 0.16 1.924* 0.48 2.647** 0.58 1.431 6.083 

CostaRica 0.11 4.08*** 0.073 3.188*** 0.28 1.024 0.24 2.452** 0.57 1.242 8.627 

Uruguay 0.09 1.282 0.049 1.282 0.12 1.912* 0.25 1.575 0.31 2.65** 7.348 

Panel stat. 0.28 6.01*** 0.144 6.012*** 0.30 1.903* 0.49 2.914** 0.31 4.64*** - 

Note:*, ** and *** show the significance at 10, 5 and 1% levels, respectively. 

 313 
The invalidity of the EKC hypothesis in developing countries can be related to the development level. 314 

Although development includes economic growth, it is a much comprehensive term than economic growth. The 315 
development is the advancement of a country in economic, social, cultural, technological, and political issues. In 316 
developing countries, economic growth is insufficient. Moreover, developing countries are at a lower level than 317 
the developed countries in terms of education level and using environmental-friendly technology. Therefore, it is 318 
expected that in developing countries, carbon dioxide emissions also rise due to the low environmental 319 
consciousness, insufficient use of environmental-friendly technologies, and low education levels.  320 

The positive relationship in Table 3 between poverty, income inequality, energy consumption, and CO2 321 
emission also can be related to income level. In developing countries, per capita income is low. Therefore, in 322 
developing countries, individuals cannot be expected to sufficiently consider environmental pollution to meet their 323 
needs, such as warming and shelter. Also, in developing countries, technology use that does not harm the 324 
environment is inadequate compared to developed countries since this technology is costly. For these reasons, CO2 325 
emissions are expected to rise as poverty rises in developing countries. This result shows a similarity with that 326 
energy consumption affects CO2 positively. In addition to the low-income level and inadequate use of 327 
environmentally friendly technology, the development of environmental awareness in individuals cannot be 328 
expected to be high enough due to financial difficulties in developing countries (Selden and Song,1994).  329 

The results indicating the CO2 and GDP nexus in developed countries are shown in Table 4. Accordingly, 330 
GDP and GDP2 are statistically significant. The GDP and the GDP2 coefficients are positive and negative, 331 
respectively. Thus, the linkage between CO2 and GDP is an inverted U-shaped. Therefore, the EKC hypothesis is 332 
valid in developed countries. However, the individual statistics confirm the EKC hypothesis in nine countries. 333 
However, these statistics do not support the EKC hypothesis in the other five countries (Austria, France, Italy, 334 
Japan, Switzerland). Also, turning points are smaller than GDP per capita in fourteen countries. 335 

 336 
 337 
 338 
 339 
 340 
 341 
 342 
 343 
 344 
 345 
 346 
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 347 
 348 

Table 4. The results of dynamic SUR estimator for developed countries 349 

Country 

GDP GDP2 POV GINI EC Turning 
point($) Coeff. t-st. Coeff. t-st. Coeff. t-st. Coeff. t-st. Coeff. t-st. 

Austria 0.04 1.813 -0.02 -1.81 -0.12 -1.03 0.58 2.510** 0.78 1.024 39.749 

Canada 0.09 3.29*** -0.04 -3.2*** -0.2 -0.98 0.12 1.102 0.68 1.241 30.798 

Denmark 0.30 2.588** -0.15 -2.5** 0.09 1.035 0.25 0.974 0.05 0.982 40.336 

Finland 0.18 1.812 -0.09 -1.81* -0.23 -2.1** 0.14 0.894 0.03 1.067 36.495 

France 0.12 -1.494 -0.06 -1.49 -0.41 -1.01 0.06 1.901* 0.07 0.913 24.215 

Germany 0.08 4.89*** -0.04 -4.8*** -0.24 -1.10 0.24 0.845 0.16 0.879 38.430 

Ireland 0.14 2.726** -0.07 -2.7** 0.77 0.891 0.57 0.946 0.36 0.917 41.778 

Italy 0.12 -1.272 -0.06 -1.272 -0.47 -1.24 0.07 1.867* 0.53 1.071 34.305 

Japan 0.22 1.160 0.11 1.160 0.1 0.990 0.79 1.024 0.19 0.876 41.780 

Netherlands 0.02 2.013* -0.01 -2.01* 0.89 1.050 0.36 1.149 0.24 1.310 39.051 

Norway 0.13 3.864*** -0.06 -3.8** -0.54 -0.97 -0.19 -1.024 0.73 1.254 73.165 

Sweden 0.10 4.832*** -0.05 -4.8*** 0.35 1.178 0.37 0.974 0.46 0.893 14.212 

Switzerland 0.07 -1.182 -0.03 -1.18 0.36 1.120 -0.19 -1.049 0.23 0.901 46.634 

US 0.07 3.462*** -0.03 -3.4*** -0.12 -0.98 0.64 0.879 0.46 1.167 34.065 

Panel stat. 0.089 4.694*** -0.04 -4.7*** -0.01 -1.25 0.650 0.950 0.524 0.780 - 

Note:*, ** and ***  show the significance at 10, 5 and 1% levels, respectively. 

 350 
Finally, it is determined that there are insignificant relationships from POV, GINI, and EC to CO2. This 351 

result may be caused by low-income inequality and low level of poverty in developed countries. The fact that there 352 
is no relationship between income inequality, poverty, energy consumption, and CO2 may originate from a too low 353 
level of poverty and inequality in developed countries. The fact that poverty and income inequality are too small 354 
to affect other variables in developed countries may cause the causality relationship between these two variables 355 
to become insignificant. Moreover, in developed countries, individuals have high environmental awareness and 356 
use environmentally friendly technology. High environmental awareness and environmentally friendly technology 357 
do not much-increase carbon monoxide emissions, even if it increases energy consumption. This situation may 358 
cause the effect of energy consumption on CO2 to be insignificant. 359 

 360 
5. Conclusion  361 

This study analyzed the EKC hypothesis for the period between 2000-2018 in developing and developed 362 
countries. Furthermore, whether there was a relationship between poverty, income inequality, energy use, personal 363 
income, and carbon dioxide was analyzed in the study. For this purpose, the FP unit root test and the DSUR 364 
estimator were used. 365 

As a result of the FP unit root test, it was found that all variables in both developing and developed 366 
countries contain unit-roots. These results show that when a shock occurs in GDP, energy consumption, CO2, 367 
poverty, and income inequality, the equilibrium cannot be achieved itself and therefore requires external 368 
intervention. Thus, these variables can be influenced by policies implemented by policymakers in both developing 369 
and developed countries. Policymakers in developing countries can achieve their targets by implementing 370 
procedures to increase income levels and reduce inequality and poverty. Policymakers in developed countries can 371 
also be successful in their policies to decrease CO2 emissions. 372 

 The results of DSUR estimator show that the EKC hypothesis is not valid in developing countries since 373 
CO2 and GDP nexus is not inverted U-shaped. These results are consistent with Rizk and Ben Slimane's (2018) 374 
results and Dhrifi et al. (2020). Besides, it was determined that energy consumption, income inequality, and 375 
poverty positively affect CO2 emissions in developing countries. These results support the studies conducted by 376 
Hao et al. (2016), Ali et al. (2016), Khan et al. (2018, Liu et al. (2019), Uzar and Eyuboglu (2019), Khan (2019), 377 
and Baloch et al. (2020). While there is a positive relationship between GDP and CO2 emissions in developing 378 
countries, there is an inverted U-shaped relationship between GDP and CO2 emissions in developed countries. 379 
Also, it is found that the effects of income inequality, energy consumption, and poverty on CO2 emissions are 380 
insignificant in developed countries. These results support the results of Jorgenson et al. (2017). 381 

 Since there is no inverted U-shaped relationship between GDP and CO2 in developing countries, analysed 382 
in this study, the policy implementations to increase the economic growth may not harm the environment and 383 
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increase the CO2 emissions. Moreover, as industrialization in these countries is at a low level, an increase in 384 
economic growth is not expected to be big enough to affect the ecological system negatively. Therefore, in 385 
developing countries, policy authorities should first implement economic growth and development policies rather 386 
than implementing procedures to protect environmental regulations and environmental systems. Furthermore, it 387 
was determined that turning points are higher than the income level in five developing countries analyzed in this 388 
study (Argentina, Armenia, Kazakhstan, Panama, and Uruguay). Therefore, policymakers should firstly 389 
concentrate on increasing the income level in these four countries. Then, they should try to achieve 390 
environmentally friendly development. In developing countries, poverty and income inequality are also high. The 391 
relationship between energy consumption, poverty, income inequality, and CO2 can be explained by income level. 392 
People with low income are direct emitters of CO2 since they use the direct natural resources intensively, take low 393 
remedial measures about the environment, and have low education levels. For these reasons, educational 394 
institutions and non-governmental organizations in developing countries should raise awareness about the 395 
importance of natural resources and educate individuals about natural resources. In developing countries, poverty 396 
and income inequality are high when compared to developed countries. In developing countries, policy authorities 397 
can make infrastructure investments such as health, education, transportation, and communication to reduce 398 
poverty and income inequality. These investments may contribute to the employment of the population with low 399 
income and the reduction of income inequality. Thus, governmental policies should target to solve the problem of 400 
poverty and income inequality. In this context, a low-income population can be provided with basic primary 401 
education and agricultural education. In this way, people with low income can be employed, and the basic income 402 
level of population with low income can be increased. Consequently, income inequality and poverty should be 403 
decreased to obtain sustainable and environmentally friendly development in developing countries. 404 

The fact that the EKC hypothesis’ validity and poverty, income inequality, and energy consumption are 405 
not effective on CO2 in developed countries shows that energy conservation policies, such as controlling carbon 406 
dioxide emissions and rationing energy consumption, will not negatively affect the real output growth. Therefore, 407 
policy authorities should implement policies to reduce CO2 emissions in developed countries. Moreover, using 408 
renewable energy sources rather than fossil fuel in the manufacturing industry, the transportation sector, and 409 
heating systems can be encouraged to reduce CO2 emissions. Besides, in 2018, the turning points of all developed 410 
countries are higher than the income levels.  411 

  412 
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Appendix  575 
 576 

Table A1. The Results of Cross Section Dependence Test for Variables 577 

 
CDLM CDLMadj 

Statistic p-value Statistic p-value 

Variables Developing Countries 

CO2 6.3254*** 0.0000 7.88794*** 0.0000 

GDP 5.2165*** 0.0000 6.98455*** 0.0000 

GDP2 5.2165*** 0.0000 9.48722*** 0.0000 

EC 8.5145*** 0.0000 9.98787*** 0.0000 

POV 8.9879*** 0.0000 5.15425*** 0.0000 

GINI 10.024*** 0.0000 8.21545*** 0.0000 

 Developed Countries 

CO2 6.3254*** 0.0000 7.88794*** 0.0000 

GDP 5.2165*** 0.0000 6.98455*** 0.0000 

GDP2 5.2165*** 0.0000 9.48722*** 0.0000 

EC 8.5145*** 0.0000 9.98787*** 0.0000 

POV 8.9879*** 0.0000 5.15425*** 0.0000 

GINI 10.024*** 0.0000 8.21545*** 0.0000 
*** indicates the significance at 1% level. 
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