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ABSTRACT

This paper investigates the empirical relationship between carbon dioxide emissions, economic growth and energy use in post-communistic countries 
during 1990-2018. Pedroni’s (1999) panel cointegration test discovered cointegrating relationship between the variables. To distinguish short- and 
long-term effect, as well as to account for homogeneity caused by previous common socio-political system and current country specific characteristics, 
Pesaran’s et al. (1999) Pooled Mean Group estimator is employed. PMG estimates identified short- and long-term relationship between energy use 
and CO2 emissions and short-term relationship between CO2 emissions and economic growth. Finally, the Dumitrescu and Hurlin’s (2012) Granger 
non-causality test for heterogeneous panels revealed bidirectional causality between CO2 emissions, energy use and economic growth. 
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1. INTRODUCTION

The humanity has been facing two main challenges since last 
century: sustainable economic development and environmental 
protection, which are closely related to each other. The energy 
consumption, as a significant factor of economic performance, 
affects environmental conditions by increasing level of emissions 
associated with energy use and in particular, carbon dioxide (CO2) 
emissions. The CO2 emissions play significant role in greenhouse 
effect and exacerbate this problem (Zhang and Cheng, 2009). 
The growth-energy-emissions nexus is the focus of numerous 
studies which provide evidence from different countries including 
China (Zhang and Cheng, 2009), Malaysia (Ang, 2008), Turkey 
(Halicioglu, 2009), United States (Soytas et al., 2007).

A vast of existing literature identified three possible dimensions 
on growth-energy-emissions nexus. The first strand is related to 
Environmental Kuznets Curve (EKC) and tests its validity. The 

EKC hypothesis documents non-linear relationship between 
economic growth and level of CO2 emissions, meaning that 
environmental degradation grows with GDP in the early stages 
of economic performance and after a threshold it starts to 
decline. The initial empirical study is conducted by Grossman 
and Krueger (1991) and it is further developed by De Bruyn and 
Opschoor (1997), Unruh and Moomaw (1998), Heil and Selden 
(1999) and others. However, Stern (2004) and Hung and Shaw 
(2002) criticize EKC hypothesis, placing emphasis on exogeneity 
of economic growth. According to Dinda (2004), the review of 
existing literature on EKC fails to identify a turning point in the 
level of income after which CO2 emissions start declining. The 
later study by Managi and Jena (2008) generally proves the EKC 
relationship in Indian economy during 1991–2003 and documents 
that higher economic development of the state corresponds to 
more rapid decline in emissions level. Similarly, the existence of 
inverted U-shaped relationship between GDP and CO2 emissions 
is confirmed by Arouri et al. (2012) based on the analysis of the 
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MENA countries during 1981-2005. However, EKC hypothesis 
is not proved at sub-national level. It generally supports the EKC 
idea, but the threshold varies from county to country. In contrast 
Begum et al. (2015) find the evidence of convex relationship 
between observed variables in Malaysia from 1970 to 2009. 
These findings are based on the Dynamic Ordinary Least Squared 
(DOLS) and Sasabuchi–Lind–Mehlum U-test (SLM U test) results. 
General results suggest that GDP has positive impact on the level 
of CO2 emission in the long-run. Apergis and Ozturk (2015) 
using Generalized Method of Moments (GMM) state that there 
is unidirectional causal relationship running from GDP growth to 
emissions level in 14 Asian countries during the period from 1990 
to 2011 under the EKC hypothesis.

Another strand is suggested by Kraft and Kraft (1978) and 
concentrates on the relationships between economic growth and 
energy consumption. This relationship has four causal forms 
which are called “hypotheses” (Apergis and Payne, 2009a; 
Chen et al., 2007; Yoo, 2005; Jumbe, 2004; Shiu and Lam, 
2004). The “growth hypothesis” documents the causal uni-
directional relationship running from energy usage to economic 
performance. This nexus implies that change in the level of energy 
consumption have a significant impact on economic growth. In 
contrast, the “conservation hypothesis” exhibits uni-directional 
causal relationship running from GDP growth to energy usage. 
According to this hypothesis changes in energy consumption 
cannot affect economic performance (Gozgor et al., 2018). The 
“feedback hypothesis” implies two-way causal relationship 
between GDP growth and energy consumption. In this case any 
measures undertaken to reduce energy consumption will also 
cause a decline in economic growth and further new reduction 
in energy consumption (Dagher and Yacoubian, 2012; Wesseh 
and Zoumara, 2012; Zhixin and Xin, 2011). The “neutrality 
hypothesis” claims no causal relationship between economic 
growth and energy consumption. The vast number of studies tests 
these hypotheses using different approaches, samples and periods. 
Most of them report mixed results - causality directions differ 
from country to country over the same time period. According to 
Yildirim et al. (2014), analysis of ASEAN countries (Indonesia, 
Malaysia, the Philippines, Singapore and Thailand) during 1971-
2009 identifies the uni-directional causal relationship, favoring the 
conservation hypothesis in Indonesia, Malaysia, the Philippines 
and Thailand by employing the Granger causality test. However, 
the authors don’t observe any causal relationship in the case 
of Singapore. Using Arellano and Bover’s (1995) GMM-SYS 
on the sample of 82 countries during 1972 -2002, Huang et al. 
(2008) demonstrate that there is no causal relationship between 
economic development and energy consumption in low-income 
countries while lower middle income, upper middle income, 
and high-income countries have a commitment to conservation 
hypothesis. Causality analysis of all countries included in the 
sample supports the feedback hypothesis. Similarly, Rezitis and 
Ahammad (2015) use the sample of nine South and Southeast 
Asian countries including Malaysia, Pakistan, Bangladesh, 
Brunei Darussalam, India, Indonesia the Philippines, Sri Lanka 
and Thailand during 1990-2012 to analyze the character of 
relationship between economic growth and energy consumption. 
Results of Granger causality test document the bi-directional 

nexus between variables among observed countries. However, 
the cases of Bangladesh, Brunei Darussalam, India, and Thailand 
prove the growth hypothesis. Malaysia and the Philippines support 
the general results, favoring the feedback hypothesis while Sri 
Lanka exhibits unidirectional causal relationship running from 
economic growth to energy usage. 

The third and least developed strand underlines the income-
energy-pollution nexus based on the first two more investigated 
income-emission and income-energy links. For example, using 
data on US economy during 1960-2004, Soytas et al. (2007) fail to 
identify causality in income-energy and income-emission models 
using Granger test. However, the results document the long-
run causality between energy consumption and environmental 
degradation. Similarly, Soytas and Sari (2009), analyzing the 
sample of Turkey between 1960 and 2000, state the uni-directional 
relationship running from emissions to energy usage in the 
long-run. Granger test doesn’t show any causality running from 
energy to income. More recent studies continue investigating 
the growth-energy-pollution nexus providing the evidences for 
different samples. According to Salahuddin and Gow (2014) there 
is positive bidirectional causal relationship between CO2 emissions 
and energy consumption in both short- and long-run in Gulf 
Cooperation Council (GCC) countries during the period of 1980-
2012. Thus, the Granger causality test results support conservation 
hypothesis; however, it doesn’t identify any causal link between 
GDP growth and CO2 emissions. Similarly, Esso and Keho (2016) 
document that economic growth causes CO2 emissions in the short-
run based on the evidence from Benin, Democratic Republic of 
Congo, Ghana, Nigeria and Senegal, applying Granger causality 
test. On the other hand, Gabon, Nigeria and Togo demonstrate 
causal relationship running from emissions level to economic 
growth. The bi-directional nexus between these variables is found 
in cases of Nigeria in the short-run and in Congo and Gabon in 
the long-run. Similarly, Benin, Congo, Cote d ’Ivoire, Gabon, 
Ghana, Nigeria, Senegal, South Africa and Togo show long run 
causality running from energy consumption and GDP growth to 
CO2 emissions. The uni-directional nexus from economic growth 
to environmental degradation is found in Benin, Democratic 
Republic of Congo, Ghana and Senegal in the short-run.

Based on the observed literature, this paper aims to investigate 
growth-energy-pollution nexus. First, we describe the sample and 
present the empirical model. Further, we explain methodology and 
present empirical results. Based on empirical results, we finally 
provide policy recommendations.

2. DATA

To accomplish this study, we use secondary data on post-
communistic countries during 1990-2018. The sample includes 
26 post-communistic countries - Armenia, Azerbaijan, Bulgaria, 
Bosnia and Herzegovina, Belarus, Czech Republic, Estonia, 
Georgia, Croatia, Hungary, Kazakhstan, Kyrgyz Republic, 
Lithuania, Latvia, Moldova, Poland, Romania, Russian Federation, 
Serbia, Slovak Republic, Slovenia, Montenegro, Tajikistan, 
Turkmenistan, Ukraine and Uzbekistan. Annual data on GDP per 
capita and energy use was obtained from World Bank’s World 
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Development Indicators while carbon dioxide emissions data was 
obtained from the Global Carbon Atlas. 

To avoid the problems of non-linear modeling and heteroscedasticity 
and to obtain the growth rate of the relevant variables, all variables 
were transformed to natural logarithmic form (Salahuddin and 
Gow, 2014). Empirical model represented as:

  ln ln lnC Y EU= + + +α β β ε
1 2  (1)

where C denotes carbon dioxide emissions per capita (metric 
tons), Y is GDP per capita (constant 2010 US$) and EU is energy 
use (kg of oil equivalent). Thus β1 and β2 coefficients represent 
elasticity estimates of CO2 emissions with respect to energy use 
and GDP per capita.

Due to some empirical tests require strongly balanced data, the 
GDP per capita and energy use were extrapolated for missed 
values. Thus, the sample amounts for 728 observations. Table 1 
depicts summary statistics as well as variables description.

3. METHODS AND RESULTS

According to Asteriou (2009), long-term parameters are usually 
expected to be cointegrated when working with time-series data. 
Pedroni (1999; 2004) emphasizes that cointegrating relationship 

exists for a set of variables that are individually integrated of 
order one, thereby stationarity test is imperative. In the level 
form, however, variables must exhibit stochastic trend, so that 
they can cointegrate in the long-term. Following Esso and Keho 
(2016), Salahuddin and Gow (2014), Arouri et al. (2012) we run 
panel unit-root test to check for the non-stationarity at levels and 
stationarity after first differencing. In line with Maji and Sulaiman 
(2019) and Inglesi-Lotz (2016), we employ IPS panel unit-root 
test, proposed by Im et al. (2003). Some noticeable advantages 
of IPS test are that it allows heterogeneity of the autoregressive 
parameter (rho), for different orders of serial correlation (Inglesi 
Lotz, 2016) as well as it follows normal Augmented Dickey Fuller 
averaging (Apergis and Payne, 2010b). Specification of the test 
is represented below:

  ( 1)     ρ σ ε−= + +it i i t i it ity y x  (2)

where xit represent the combination of all the explanatory variables 
in the model; ρi denotes the autoregressive elasticities, ϵit is the 
residual term, i = 1,…N for each country and t=1,…T is the time 
period. The null hypothesis of the IPS test claims non-stationarity 
of the panels and testing procedure is based on z-bar tilde statistic.

However, there is an opinion that Fisher-type panel unit root 
tests provide more robust results if panels are exposed to cross-
sectional dependence (Maddala and Wu, 1999). As a measure of 
robustness, we run Fisher type test, employing both Augmented 
Dickey Fuller and Phillips-Perron test statistics. The tests check 
for non-stationarity from a meta-analysis perspective, combining 
test statistics of each individual panel and producing overall test 
result. Similar to the IPS test, the null hypotheses of the Fisher-type 
test claims non-stationarity, while alternative assumes that at least 
one panel is stationary. According to Table 2, ln CO2 and ln Energy 
use are formed by stationary process in both level and difference 
forms while ln GDP per capita is stationary after first differencing.

Following Gozgor et al. (2018) and Salahuddin and Gow 
(2014), long-term relationship between variables is tested 

Table 1: Summary statistics
Indicator ln C ln Y ln EU

CO2 emissions 
per capita 

(metric tons) 

GDP per capita 
(constant 2010 

US$)

Energy use 
(kg of oil 

equivalent)
Source Global Carbon 

Atlas
WDI WDI

Mean 1.507 8.466 7.584
Std. dev. 0.843 0.994 0.656
Min. −1.233 5.901 5.647
Max. 3.09 10.199 8.676
N. of observations 728 728 728

Table 2: Panel unit root test results
Variable Form Method Statistic P-value Conclusion
ln CO2 Level IPS −5.496 0.000 Stationary
  Fisher-ADF 126.259 0.000 Stationary
  Fisher-PP 226.768 0.000 Stationary
 1st difference IPS −11.705 0.000 Stationary
  Fisher-ADF 260.859 0.000 Stationary
  Fisher-PP 436.163 0.000 Stationary
ln GDP per capita Level IPS 6.664 1.000 Non-stationary
  Fisher-ADF 34.378 0.972 Non-stationary
  Fisher-PP 39.992 0.888 Non-stationary
 1st difference IPS −7.995 0.000 Stationary
  Fisher-ADF 320.744 0.000 Stationary
  Fisher-PP 244.183 0.000 Stationary
ln Energy use Level IPS −4.167 0.000 Stationary
  Fisher-ADF 91.316 0.000 Stationary
  Fisher-PP 192.418 0.000 Stationary
 1st difference IPS −13.193 0.000 Stationary
  Fisher-ADF 403.793 0.000 Stationary
  Fisher-PP 581.089 0.000 Stationary
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by employing one-tailed Pedroni (1999) cointegration test. 
“The test statistics can be divided into two categories: group 
statistics that average the results of the individual country, and 
test statistics and panel statistics that pool the statistics along 
the within-dimension” (Neal, 2014). Pedroni’s cointegration 
test reports seven parametric and non-parametric test statistics 
which are v-statistic, panel rho-statistic, nonparametric panel 
PP-statistic, parametric panel ADF-statistic, group rho-statistic, 
nonparametric group PP statistic, and parametric group ADF-
statistic. All of them follows standard normal distribution. The 
null hypothesis of no cointegration can be rejected in the favor of 
the alternative when the majority of tests exceed the critical value 
of approximately 1.28 (Neal, 2014). Additionally, we conduct 
Kao (1999) and Westerlund (2005) panel cointegration tests. 
Table 3 describes the results of Pedroni, Kao and Westerlund 
panel cointegration tests. According to Pedroni’s cointegration 
test, 6 out of 7 test statistics rejects the null hypothesis of no 
cointegration, confirming long-term cointegrating relationship 
between carbon emissions, economic growth and energy 
consumption. Similarly, Kao and Westerlund’s cointegration 
tests results support the alternative hypothesis of cointegration 
at 5% and 10% significance levels.

The shortcoming of Pedroni’s (1999) cointegration tests is that 
they do not differentiate estimates in short- and long-terms. 
Therefore, following Salahuddin and Gow (2014), we employ 
Pooled Mean Group estimator (PMG). PMG estimator, developed 
by Pesaran et al. (1999), is an alternative to estimation of separate 
regressions and fixed effects, which assumes homogeneous 
long-term coefficients. It constrains long-term coefficients 
to be homogeneous but allows heterogeneity in the short-
term coefficients and error variances across groups. In post-
communistic countries, some variables are likely to be impacted 
by long-term homogeneous conditions (e.g. historical legacies, 
previously common political system) while the short-term shifts 
are associated with country-specific characteristics such as 
geography and culture. Pesaran et al. (1999) describe the PMG 
estimator as the autoregressive distributed lag (ARDL) approach 
to long term modelling since its formed by reparameterization 
of ARDL model. The main feature of cointegrated variables is 
“their responsiveness to any deviation from long-run equilibrium”, 
which implies an error correction model (ECM), where deviation 
from equilibrium influences short-term dynamics of the variables 
(Blackburne and Frank, 2007). Thus, dynamic panel ARDL model 
reparametrized into the error correction equation:

 

( ) 1' *
, 1 , , 11

1 '*
,0

φ θ λ

δ µ ε

−
− −=

−
−=

∆ = − + ∆

+ ∆ + +

∑
∑

p
it i i t i it i j i tj

q
ij i t j i itj

y y X y

X
 (3)

where, in our case, yit is CO2 emissions, xis are independent 
variables (energy use and economic growth), λi j,

*  and δij
'*  are the 

short-term coefficients, θi
'  is the long-term coefficient, μi group 

specific effects and ϵit stochastic error term.

PMG estimates suggest that there is positive and highly significant 
long-term relationship between energy use and CO2 emissions 
(Table 4). Moreover, energy use is positive and significant (at 5%) 
short-term effect on CO2 emissions. The coefficient of per capita 
GDP is positive and significant in the short-, but insignificant 
in the long-term. The error correction term in the short-term 
is approximately −0.24 meaning that 24% of the long-term 
disequilibrium dissipated before the next time period.

Once the long-term relationship is confirmed, we proceed to 
identify the direction of causality by using the panel Granger non-
causality test for heterogeneous panel data models proposed by 
Dumitrescu and Hurlin (2012). The standard model is presented 
below, where yi,t and xi,t are observations of two stationary variables 
for individual i in period t.

 
y y xi t i ik i t kk

K
ik i t k i tk

K
, , , ,= + + +−= −=∑ ∑α γ β ε

1 1  
(4)

The test is based on the individual Wald statistics and the null 
hypothesis of non-causal relationship is tested by z-bar and z-bar 
tilde statistics. It considers fixed coefficients and takes into account 
heterogeneity of the regression model and causal relationship 
(Salahuddin and Gow, 2014). Lopez and Weber (2017) suggest 
to rely on z-bar tilde statistic when both number of panels (N) 
and time period (T) are small. Lag order selection is based on 
an information criterion (AIC), as suggested by Chang et al. 
(2015) and Lopez and Weber, 2017. Panel Granger causality 
results are reported in Table 5. The findings suggest bidirectional 
causal relationship between carbon dioxide emissions and energy 
use, supporting the findings of Salahuddin and Gow (2014). 
Moreover, bidirectional link is also observed between carbon 
dioxide emissions and economic growth. No causal link is found 
between economic growth and energy use in the post-communistic 
countries.

Table 3: Pedroni, Kao and Westerlund panel cointegration 
tests results
 Statistics
V-stat 0.656
Panel rho-stat −2.287**
Panel PP-stat −4.369***
Panel ADF-stat −0.485
Group rho stat −1.63*
Group PP stat −5.416***
Group ADF stat −1.699**
Kao (ADF stat) −2.323**
Variance ratio 4.529***
***, ** and * indicate significance at 1%, 5% and 10% levels, respectively

Table 4: Pesaran’s pooled mean group estimator results
∆ ln CO2 emissions 
(dependent variable)

Pooled mean group

Variable Coefficient Standard error
Long-term coefficients
ln GDP per capita 0.009 (0.449) 0.013
ln Energy use 0.953*** (0.000) 0.034
Error correction term −0.236*** (0.000) 0.058
∆ ln GDP per capita 0.219** (0.026) 0.099
∆ ln Energy use 0.649*** (0.000) 0.103
Intercept −1.407*** (0.000) 0.339
***, ** and * indicate significance at 1%, 5% and 10% levels, respectively. While 
figures in parentheses are P-values
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4. CONCLUSION

Thus, this paper explores the empirical relationship between 
carbon dioxide emissions, economic growth and energy use in 
post-communistic countries during 1990-2018. Pedroni’s (1999) 
panel cointegration test discovered cointegrating relationship 
between the variables. To distinguish short- and long-term effect, 
as well as to account for homogeneity caused by previous common 
socio-political system and current country specific characteristics, 
Pesaran’s (1999) Pooled Mean Group estimator is employed. PMG 
estimates identified short- and long-term relationship between 
energy use and CO2 emissions and short-term relationship between 
CO2 emissions and economic growth. Finally, the Dumitrescu 
and Hurlin’s (2012) Granger non-causality test for heterogeneous 
panels revealed bidirectional causality between CO2 emissions, 
energy use and economic growth. 

The policy implications of this research are the following. Policies 
that encourage energy consumption use do not affect economic 
growth but environment. Thus, energy conservation measures 
should not impact the economic progress of post-Communist 
states. On the contrary, our results indicate that pollution reduction 
policies should impact economic growth. Adopting renewable 
energy strategies may mitigate pollution without hampering 
economic growth. Moreover, the impact of economic growth on 
pollution diminishes in the long-run. Consequently, if government 
adopt policies to mitigate climate change policies to decrease 
greenhouse gas emissions by 2050 would not hamper growth 
prospects. At the same time, any measures aimed at fostering 
economic growth should be carefully instituted as they might have 
environmental impacts. 

To conclude, prospective studies should assess the link between 
energy use, economic growth and environment using sub-national 
data. For example, there is significant variation in CO2 emissions 
across regions of Russia. In a similar vein, in Uzbekistan the 
difference in air pollution between highest air polluting region 
(Tashkent region) and the lowest (Surkhandarya) in 2018 was 
more than 5-fold.
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