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Abstract. This paper summarizes the arguments and counterarguments within the scientific discussion on the
issue the Management of Environmental Performance and the Carbon Dioxide Emissions (CO2) on the Economic
Growth, with an innovative study in the context of the GCC countries. The main goal of the paper is to examine
empirically the environmental Kuznets curve hypothesis for the GCC countries. The methodological tool of this
contribution tries to measure the effect of the emission of the CO2 on the Growth Economic and environmental
performance. The main purpose of the research is focused on the empirical approach justified by the use of a dynamic
panel modeling on a sample of the GCC countries during the period of 2002—2018. Systematization literary sources
and approaches for solving the problem of the reaction of the development of the Environmental Performance with
the level of the the Carbon Dioxide Emissions (CO2) and the economic growth. The study employed a GMM model
system. Subsequently, the authors displayed a Panel Co-integration test of Pedroni (2004), the Kao Residual Co-
integration test (1999), and the Granger causality tests. The results found unidirectional causal relationships between
economic growth and the entire variable of the sample, except the variable CO2 emission. These relationships are
statistically significant at the level of 5%. For the relation between Economic Growth and CO2 emission, one the
hypothesis of the paper was checking a non-significant and unidirectional relationship. The results showed a long-run
unidirectional causality between the variables and implied that Economic Growth in the GCC countries has a positive
and significant unidirectional relation with Environment Performance, trade openness, foreign direct investment, and
investment. The results confirm the existence of a negative relationship as insignificant, and unidirectional, between
economic growth and CO2 emissions in the GCC countries. Finally, this finding doesn’t support the validity of the EKC
hypothesis and provide information's to take the necessary policy suggestions to maintain the environmental
performance and limit the average of the CO2 emissions. The results of the research can be useful for the GCC
countries to avoid the higher level of Carbon Dioxide Emissions (CO2) and maintain a good Environmental
Performance.

Keywords: environmental performance, Environmental Kuznets Curve, CO2 emissions.

Introduction. The focus of the current environment shows a changing, uncertain, multiple and
complex environment. Located today in such an environment, companies are forced to evaluate their
opportunities and threats in terms of constraints. In this way, the environmental performance has been
considered as one of the most important concern.

Several scientific articles have resumed studies focusing on the analysis of determinants of
environmental performance against different dimensions such as economic growth and carbon dioxide
emissions in many countries. Environmental performance is defined as a multidimensional concept that is
difficult to measure because it relates to the percentage of environmental pollution, energy consumption
and various administrative programs that are adopted and then implemented to reduce these negative
impacts of emissions of harmful gases to the environment.

Given the importance of these topics, the number of scientific articles and research has been
addressed in several contexts. For example, the study Altwaijri et al., (2004) suggested a model of «good»
environmental performance, which is largely associated with «good» economic performance.
Furthermore, the study of Bohringer and Ochem (2007) showed that country sustainability indicators
provide a one-dimensional measure for assessing country-specific information on the three dimensions of
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sustainable development: economic, environmental and social conditions. We also mention the
contribution of Cracolici et al. (2010) to the development of a new analytical framework for the assessment
of spatial disparities between countries. It provided a combination of economic and non-economic (mainly
social) aspects of a country's performance in an integrated logical framework. On the other hand, the study
Zhou et al., (2010) dealt with the relationship between environmental disclosure and management of
institutional impressions to investigate two subsequent hypotheses using a cross-sectional sample of
environmental disclosures of US companies in annual reports.

In this context, this contribution try to study the EKC hypothesis followed by the environmental
regulations or degradation, measured by the CO2 emissions, with economic and macroeconomic
variables. This context, this debate was raised by the research conducted by Grossman and Krueger
(1991), which focused on the relationship between air quality and economic growth.

In the same wake, Kuznets (1955) oriented the research to discover the link between changes in
income and growth. He took in his work as a reference to the four key elements of economic growth
(demographic growth, growth of knowledge, in-country adaptation to growth factors, and external
economic relations between the countries.

Later, Yandle et al. (2002) declared that the Environmental Kuznets Curve (EKC) has become
standard fare in technical conversations about environmental. As far as, the contribution of Bhattarai and
Hammig (2001) tried to test the relationship between deforestation and income across 66 countries of
Latin America. Then, Bilgili and Umit Bulut (2016) investigated a revisited Environmental Kuznets Curve
(EKC) hypothesis with the potential impact of renewable energy consumption on environmental quality. In
which, this authors advanced that the validity of EKC does not depend on the income level of individual
countries of a panel in which EKC hypothesis holds.

Also, the works of Bakirtas and Atalay Cetin (2017) examine the validity of the environmental Kuznets
curve (EKC) and pollution haven hypotheses in MIKTA countries (Mexico, Indonesia, South Korea, Turkey,
and Australia from 1982 to 2011.

Thus, the Environmental Performance Index (EPI) is a composite indicator that tracks a variety of
socio-economic, environmental and institutional indicators that characterize and affect environmental
sustainability at the national level. It was launched in 1999 by Professor Daniel Este, Director of Yale
Center for Environmental Law and Policy, in collaboration with CIESIN Center and World Leader of the
World Summit for the Global Future of the World Economic Forum.

Finally, our contributions set out the environment Kuznets curve (EKC) hypothesis, and try to answer
the question of the relationship between environmental performance as compared to economic growth
and the degree of carbon dioxide emissions. In this context we have relied on studies: Pablo-Romero et
al. (2017); Gallego-livarez (2014); Almeida and Garcia-Sanchez (2017); Echavarren, (2016); Ahmad et
al. (2017); Tamazian and Bhaskara Rao (2010); Jamali and al., (2017); Chikalipah and Makina (2019);
Grossman and Krueger (1991), Bilgili and Umit Bulut (2016); Apergis and Ozturk, (2015); Azam and
Khan (2016); and Liu et al. (2017).

This purpose aims to determine the relationship between environmental performances, economic
growth towards the degree of carbon dioxide emissions in the GCC countries. We will rely on a pilot model
of the Environmental Performance Index (EPI) against economic growth indicators and carbon dioxide
emissions for the sample of GCC countries between 2002 and 2018. In this case, our problematic is: What
are the coincidences of Economic Growth on CO2 emissions and environmental performance?

The first part of the paper reviews the theoretical and empirical literature on the relationship between
the variables of the study. In the second part, we propose an empirical investigation. Finally, we advance
the interpretation and discussion of the results.

Literature Review. The review of the literature has branded several studies conducted in different
contexts, which are interested in the problem of issuance of CO2 towards economic growth. For example,
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we cite the studies of Sugiawan et al. (2019), Churchill et al. (2019), He et al. (2019), Miao et al. (2019),
and Ershad and Haque (2019), Yang et al. (2019), Saboori et al. (2010), He et al. (2019b).

Also, many authors had analyzed the relationship between environmental performance and economic
growth and CO2 emissions (e.g. Saidi and Mbarek, 2017; Boutabba, 2014; Shahbaz et al., 2013a;
Shahbaz et al., 2013b; Salahuddin et al., 2015; Shuai et al., 2017; Bekhet and Othman, 2017; Liu et
al., 2017; Kaushik et al., 2006; Ouyang and Lin, 2017; Dkhili and Ben Dhiab, 2019; He et al., 2017; Zhang
etal., 2017; and Fodha and Zaghdoud, 2010).

Especially, the review of Saini and Sighania (2019) in which the authors have examined the
relationship between economic development and carbon emission and its impact on the environment on
the basis of 111 research papers from a sample of thousands of papers.

At present, our theoretical and empirical contribution is conceived in the study of environmental
performance and economic growth alternating with their impact on CO2 emissions. He et al. (2019a)
explore the relationship between environmental tax, environmental performance, and economic
development in China and Sweden. The founding of these studies shows that environmental tax is related
negatively to carbon dioxide. Shahbaz et al. (2013a) study the effects of financial development, economic
growth, coal consumption and trade openness on environmental performance using time series data over
the period 1965-2008 in the case of South Africa. And they prove a long-run relationship among the
variables. Results showed that a rise in economic growth increases energy emissions, and coal
consumption has significant contribution to deteriorate environment in the South African economy.
Sugiawan et al. (2019) investigate the impact of CO2 emission reduction on sustainable well-being with
the future growth of CO2 emissions and Inclusive Wealth. They conclude that the reduction of the CO2
emission might increase the wealth gain. The studies of Churchill et al. (2019) examine the relationship
between ethnic diversity and environmental quality, peroxided by carbon dioxide (CO2) emissions, and
based on a model for economic growth. And they found that ethnic fractionalization reduces CO2
emissions with a positive effect on growth in high-income countries.

In the context of South Africa, Bekun et al. (2019) explore energy use and economic growth. The
results of the study prove an inverted U-shaped pattern between energy use and economic growth in the
long run. Finally, the author's notes, at a higher level of economic development, there is less intensification
of energy consumption, and a decline in energy intensity while validating energy efficiency in South Africa.
Similarly, Saini and Sighania (2019) propose to organize a detailed review of economic growth, carbon
emission, and foreign capital inflows and its impact on the environment. And they found that a significant
amount of literature is available which supports cleaner FDI as a measure to mitigate the negative effects
of economic growth on the ecological environment.

Then Miao et al., (2019) estimate the atmospheric environmental performance under the constraints
of energy and atmospheric pollutant. While, Dang (2019), use the Environmental Kuznets Curve (EKC)
model, to study the environmental impacts of institutional variables in their relationships with foreign direct
investment (FDI) in 23 developing countries. Thereafter the author highlights the importance of institutional
reform in the pursuit of sustainable development in the developing world.

After that, the purpose of Khan (2019) examines the role of poverty and logistical operations under the
circumstance of environmental deterioration with panel data from 2007 to 2017. The results indicate that
poverty and logistical operations have a significant and positive relationship with greater environmental
degradation.

Otherwise, we state the study of Azam et al. (2019), that treats the role of energy that cannot be
passed over in the process of economic growth and development in any economy. The result of the study
reveals that energy consumption has a significant positive impact on FDI, health, environment, and
economic growth. More specifically, the studies of Sheng et al. (2019) interested in the effect of
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urbanization and on CO2 emissions. The empirical results indicate that the relationship between
urbanization and CO2 emissions.

In this case, Chen et al. (2019) explored the effects of economic growth (EG), renewable energy
consumption (REC) and non-renewable energy consumption (NREC) on CO2 emissions (CE) and tested
the Environmental Kuznets Curve (EKC) hypothesis at the regional levels in China. Yang et al. (2019)
contributions focused on the causal effect of environmental policy on regional economic growth.

Whereas, Ershad and Haque (2019) investigate the relationship between economic growth and the
earth's environment in 127 developing countries spreading all across the globe (Asia, Africa, Americas,
Europe, and Polynesia) from 2007 to 2015. And they result in a relationship between the environmental
performance of a country and the per capita GDP. He et al., (2019b) investigate the relationship between
environmental degradation (ecological footprint) and economic indicators such as gross domestic product
(GDP), financial liberalization, energy consumption, urbanization, and trade openness in Malaysia. The
result shows a positive relationship between GDP, trade openness, energy consumption, and ecological
footprint.

In addition, the literature review has provided several empirical works in a variety of contexts. That we
can mention the work of Liu et al. (2017), Ozturk and Al-Mulali (2015), Saboori and Sulaiman (2013), Tan
etal. (2014), Tang and Tan (2015), Tiwari et al. (2013), Yin, et al. (2015), Acaravci and Ozturk (2010), Al-
Mulali et al. (2016), Ang (2007), Apergis and Ozturk (2015), Atasoy (2017), Azam and Khan (2016),
Bakirtas and Atalay (2017), Cetin (2017), Bhattarai and Hammig (2001), Grossman and Krueger (1991),
Shahbaz et al. ( 2012), Jayanthakumaran and Liu (2012), and Bilgili and Umit Bulut (2016).

The working paper of Grytten and Koilo (2019) test empirically the relationship of economic
development, measured as economic growth, energy use, trade and foreign direct investment, and carbon
dioxide CO2 emissions, in the context of eleven emerging Eastern European countries, and during the
period of 1990 to 2014. The results of this study prove a positive effect of foreign direct investment (FDI)
on CO2 emissions, and a negative effect of total energy consumption on the environment as it increases
CO2 emissions.

Next parts of the Environmental Kuznets Curve (EKC) framework, Sinha et al. (2019) investigate the
impact of corruption in public sector on carbon emissions in the context of Brazil-Russia-India-China-South
Africa (BRICS) and over the period of 1990-2017. The results make out the incidences of environmental
degradation on renewable energy consumption with a positive impact. This results Later, the results of
Sinha et al. (2019) support with the Environmental Kuznets Curve (EKC) hypothesis and show that the
real income and energy consumption.

Lesakova and Dobes (2018) have tried to verify the validity of the environmental Kuznets curve (EKC)
on CO2 emissions. In their purpose, Lesakova and Dobes (2018) test the relationship between economic
growth and the environment pressure, in the Czech Republic between 1970 and 2016. Thus the results
found to proclaim the rejection of the validity of the environmental Kuznets curve (EKC) on CO2. He and
Richard (2010), the authors test the relationship between per-capita GDP and per-capita pollutant
emissions and find a little evidence for supporting the environmental Kuznets curve hypothesis.

In the same context that is interested in the framework of the environmental Kuznets curve (EKC). The
empirical study of Mahmoud et al. (2019), treat the role of biomass energy in carbon dioxide (CO2)
emissions in Pakistan over the period from 1980 to 2015. In which their results promote the validity of the
framework of the environmental Kuznets curve (EKC).

Cetin and Ecevit (2017) upgrade to the impact of economic growth, energy consumption and trade
openness on the carbon emissions in the case of Turkey for the 1960-2011 period. The results of their
results provide a long-run relationship between the variables and the validity of the environmental Kuznets
curve (EKC) hypothesis for Turkey.
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The objective of the study Chang (2015) interested in the environmental improvement suggestions for
the G7 group and BRICS group. The results do not satisfy the environmental Kuznets curve hypothesis.

Also, Lee et al. (2010) headed to the study of the environmental Kuznets curve (EKC) hypothesis for
water pollution by using a recent dynamic technique. The results of these authors don't support the validity
of the environmental Kuznets curve (EKC) hypothesis. Apergis and Payn (2009) are interested in the
causal relationship between carbon dioxide emissions and energy consumption. Their results show long-
run equilibrium energy consumption with a positive and statistically significant impact on emissions.
Afterwards, Apergis and Payn (2009) validate the Environmental Kuznets Curve (EKC) hypothesis.

The paper of Gill et al. (2018) examines the presence of the environmental Kuznets curve (EKC) for
greenhouse gases (GHG) measured by CO2 emission in Malaysia for the period 1970 to 2011. The results
of this study (Gill et al., (2018)) prove that a high level of economic growth for the EKC cannot reverse the
environmental degradation in Malaysia.

Kang et al. (2016) used a spatial panel data to analyze the CO2 EKC hypothesis of China. Their results
mark the relationship between economic growth and CO2 emissions shapes as an inverted-N trajectory.
More concretely the authors raise a Spatial spillovers effects are confirmed to affect the shape of the CO2.
Kasman and Duman (2015) study the causal relationship between energy consumption, carbon dioxide
emissions, economic growth, trade openness and urbanization for a panel of new EU member and
candidate countries over the period 1992-2010. For the results of Kasman and Duman (2015), the authors
affirm the validity of the EKC hypothesis. They find coefficients of lagged error correction term in the carbon
dioxide emissions, energy consumption, GDP, and trade openness equations are statistically significant.
Lau et al. (2014) are interested in the relationship between economic growth and CO2 emissions for
Malaysia. The results of Lau et al. (2014) may be sufficient to confirm that the inverted-U shaped
relationship does exist between economic growth and CO2 emission in both the short- and long-run for
Malaysia. Consequently, the authors confirm the validity of the EKC hypothesis.

Likewise, the study of Grossman and Krueger (1995) investigated the relationship between per capita
income and various environmental indicators. Therefore Grossman and Krueger (1995) find the rejection
of the relationship between environmental quality and economic growth.

Methodology and research methods. This section may be divided by subheadings. It should provide
a concise and precise description of the experimental results, their interpretation as well as the
experimental conclusions that can be drawn.

The current study focuses on the relationship between environmental performance, economic growth
and the CO2 emissions in GCC countries over the period 2002-2018. In this context, an empirical
investigation is based on the use of econometric modelling. And, to test the relationship between the
variables, we used a panel composed of a sample of six GCC countries observed over the period 2002-
2018. We operate the Johansen and Juselius (1990) cointegration technique, and the Granger causality
test. This last is applied, in order to check the direction of short-run and long-run causalities between
environmental performance, economic growth, and CO2 emissions. We will be based on the following
scheme:

First, a standard model will be developed to study the impacts of these relationships on environmental
performance, economic growth, and carbon dioxide emissions. The Data were collected from (WDI): The
World Development Indicators for economic growth. And from the data set of the website Knoema site for
environmental performance indicators and carbon dioxide emissions. The environment performance index
is collected from (YCELP: Yale Center for Environmental Law and Policy (YCELP), Yale University) and
(CIESIN: Center for International Earth Science Information Network (CIESIN). The access to these data
is done through the web site Knoema.

Secondly, a review of the various modern literary views on environmental performance, economic
growth and carbon dioxide emissions under the Environmental Kuznets Curve (EKC) hypothesis.
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Furthermore, we remark that all the majority of the literature follows a quadratic model to test the validity
of the EKC hypothesis, as is in the summarized studies mentioned in table 1 above.

Table1. Definition of variables

Variable Definition Measurement Source
GDPG | Iheannual percentage growth rate of GDP at | b oot (annual %) | WDI (2002-2018)
market prices based on constant local currency.
0,
GDPSQ The annual percentage growth rate of GDP | GDP growth (annual %) The author's calculation
squared squared
EPI Environnemental performance index. Index ranks Knoema (2002-2018)
. . . CO2 emissions (metric WDI (2002-2014)
CO2E C02 emissions (metric tons per capita) tons per capita) Knoema (2015-2018)
Gross fixed capital formation (formerly gross Gross fixed capital :
INVES domestic fixed investment) formation (% of GDP) WDI (2002-2018)
The net inflows of investment to acquire a Foreign direct
FDI lasting management interest investment, net inflows WDI (2002-2018)
g manag : (% of GDP)
Trade is the sum of exports and imports of
TRADE goods and services measured as a share of Trade (% of GDP) WDI (2002-2018)
gross domestic product.

Sources: developed by the authors.
E=f(Y,Y%27) (1)

where, E, Y, Y2, Z represent respectively, the COE emissions, the GDP, GDP squared, and the others
factors affecting the environment like the (EPI), (FDI), (TRAD), (FDI), and the (INVEST)

For our study, the model is presented below in equation (2):
C02 = f(GDP,GDP? EPI,TRAD,FDI,INVEST) ()

To study the relationship between the environmental performance, economic growth and the CO2
emissions in GCC countries, the equation (2) can be expressed in this manner:

CO2E;;=PBo+P1iGDPG;+B2GDPGE+ B3;EPI; B4 INVEST;  +Bs;FDI; +Bs TRAD; +&; (3)

where (i) indicate the countries (i=1... 6) and t indicates the time period (t = 2002... 2018); EPI, GDPG,
GDPG?, CO2E, INVEST, INVEST, and TRAD represent the environmental performance, the real gross
domestic product growth per capita, the square of the real gross domestic product growth per capita, and
(CO2E) the CO2 emissions. (INVEST): is the Gross fixed capital formation. (TRAD) is the trade openness,
the value added (% of GDP). The signs of 1, B2, B3, B4, and s are expected to be positive and negative,
respectively, in order to reflect the inverted U-shape pattern.

To test the relationship between environmental performance, economic growth, and CO2 emissions
in the GCC countries, during the period (2002-2018) for six (6) GCC countries namely Saudi Arabia,
Bahrain, Kuwait, Oman, Qatar, and the United Arab Emirates.

Results. Table 2 and the figure 1/2 present the annual average of the evolution of the economic
growth, environmental performance index and CO2 emission in the GCC countries, 2002-2017. The
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results show a higher average of the economic growth in the year (2004) with an environmental
performance index (59.105%), and a (61.885%) of CO2 emissions. After the year (2004), we look that
GCC countries are more interested to reduce the level of the CO2 emissions, and they tried to maintain
the level of environmental performance index (EPI).

Table 2. Annual average evolution of growth, environmental performance index and CO2
emission in the GCC countries, 2002-2017

Years GDPG EPI CO2E
2002 2.052 58.602 61.885
2003 7.406 58.847 61.885
2004 9.297 59.105 61.885
2005 6.210 59.240 61.885
2006 9.693 59.068 67.501
2007 6.959 58.703 67.501
2008 7.338 58.555 67.501
2009 1.038 58.547 60.135
2010 5.501 59.627 60.135
2011 6.801 61.138 60.135
2012 5.712 61.020 60.135
2013 3.850 64.947 60.135
2014 3.272 61.023 60.135
2015 3.504 65.847 60.135
2016 3.131 67.193 78.248
2017 0.254 69.377 78.248
Sources: systematised by the authors on the basis of (2002, 2017).
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Figure1. Average evolution of CO2E and EPI in GCC countries

Concretely, these actions are more clearly since the years (2011) to (2017). The GCC countries ended
in the years (201) by a rate of economic growth equal to (0.254%), a higher environmental performance
index (EPI) equal to (69.377%) and level of CO2 emissions equal to (78.248%)

Finally, we prove a decline in the rate of (GDPG) against an increase of the environmental performance
index (EPI), and the level of CO2 emissions.
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GDPG

10

Figure 2. Average evolution of GDPG in GCC countries

To examine the relationship between environmental performance, CO2 emissions, and economic
growth in the GCC countries, we used a standard model for the sample previously-cited. Especially, we
estimated the GMM model system. Firstly, we present the descriptive statistics (table 3) for all the variables
of our study such as environmental performance, economic growth, CO2 Emission, Trade, foreign direct
investment and investment (Gross fixed capital formation). Secondly, we explore the results of the
correlation matrix (table 3). Later, we display the unit root result and the order of integration is displayed
in table 4. Thereafter, we talk about the Cointegration test with the results of Pedroni (2004) in table 5, and
the Kao Residual Co-integration (1999) in table 6. Finally, we will finish with the Long-run estimates
FMOLS and DOLS (table 7) and the Granger Causality Test (table 8).

Descriptive statistics. The statistics presented in table discloses the descriptive results of the different
variables of the study. The average level of CO2 emission is (59.879 %), while the average level of EPI is
(60.253%) with a maximum of (86.000) and a minimum of (44.040). The GDPG achieved an average of
(4.320%) with a negative minimum of (-7.076%) and a positive maximum of (17.320%). The average level
of investment sets on the average of (23.216%), which lightly near the median with a value-added equal
to (23.231%), and with @ maximum value of (34.523%), and a minimum value is (14.627%) For the
variables (FDI), and (TRADE), we achieve a similar remark to the point previously-cited: we are witnessing
a positive mean equal respectively to (3.011%) for (FDI), and (114.384%) for (TRADE). These values are
close to the median, respectively (2.398%) and (102.300%). For the square of the GDPG, the results show
an average of (53.9%) with a minimum of (0.251%) and a maximum of (68.488%)

Finally, the Descriptive statistics results show positive coefficients for all the variables of the study.

Table 3. Descriptive statistics

GDPG GDPSQ EPI CO2E INVES FDI TRADE
Mean 4.320 53,986 60.253 59.879 23.216 3.011 114.384
Median 4.399 19,969 60.130 63.285 23.231 2.398 102.300
Maximum 17.320 68.488 86.000 74.050 34.523 15.751 191.878
Minimum -7.076 0,251 44.040 9.214 14.627 -3.152 61.862
Std. Dev. 3.935 100,731 10.748 21.953 4.385 3111 34.620
Skewness -0.026 3,816 0.126 2.092 0.442 1.332 0.543
Kurtosis 4472 20,058 1.689 6.237 3.115 5.874 2.135
Jarque-Bera 6.415 1396,892 5.273 82.766 2.348 45.409 5.709
Probability 0.040 0,000 0.072 0.000 0.309 0.000 0.058
Sum 306.694 5182,642 | 4277.990 2081.658 1648.331 | 213.807 | 8121.263
Sum Sq. Dev. | 1083.754 |963933,100 | 8086.904 | 33736.890 | 1346.026 | 677.681 | 83897.830
Observations 71 71 71 71 71 71 71

Sources: systematised by the authors on the basis of (2002, 2017).
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Correlation matrix. As for the pooled results in table 4, we release the following remarks: Firstly, we
remark a negatives correlation between (GDPG) and the variables: (EPI) and (INVEST). These
correlations are described with low coefficients equal to: (-0,037) for the variable (EP!), (-0.148) for (CO2E)
and (-0,149) for (INVES). In the same case, we admired a positive correlation between GDPG and the
variables: (FDI) and (TRADE), with also low coefficients equal to: (0,135) for the FDI and (0,003) for the
variable (TRADE). Secondly, the results show a positives correlation between the variable (FDI) with all
the variables of the study except the variable (CO2E). Also, we find positives correlation between the
variable (TRADE) with all the variable of the study with strong coefficients.

Finally, the result shows that the level of correlation is low between the independent variables
introduced in the econometric model. Therefore, we confirm the absence of multicollinearity.

Table 4. Correlation matrix

CO2E GDPG GDPSQ EPI INVES FDI TRADE
CO2E 1

GDPG -0,148 1

GDPSQ -0,217 0,761 1
EPI 0,506 -0,037 -0,089 1

INVES 0,236 -0,149 -0,305 0,118 1
FDI 0,061 0,135 -0,034 -0,001 0,355 1

TRADE 0,473 0,003 -0,158 0,184 0,201 0,322 1

Sources: systematised by the authors on the basis of (2002, 2017).

Panel Unit Root Tests. The Panel Unit Root Tests is a method that is estimated by using Dickey and
Fuller (1979) and Kwiatkowski et al. (1992). Especially, for the current study, we advance the Augmented
Dickey-Fuller (F-ADF) unit root tests to check the stationary of each variable. After that, we used the
augmented Dickey-Fuller (ADF) statistic. In this case, the null hypothesis support, the more negative, it is
the stronger for the rejection of the hypothesis. And we demonstrate the existence of a unit roots at some
level of confidence. In fact, the results of the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP)
were tested for the six variables of the model displays in Table 5.

The results showed that in the level, the null hypothesis cannot be rejected for all the variables for
both the two unit root test ADF and Phillips-Perron (2004); (PP) test. Finally, the variables (GDPG),
(GDPGSQ), (EPI), (CO2E), (FDI), (TRADE), and (INVEST) are not stationary at the level of 5%. And, the
results rejected the null hypothesis of non-stationary. The unit roots tests confirm that each variable is
integrated of order one.

Cointegration test and results. The cointegration test aims to check whether it exists a long run
relationship association. Two statistics are used in the cointegration test of Johansen (1988); they are
Trace test and Max-Eigen value. Table 3 presents the results of the trace and the maximum-eigenvalue
tests from the Johansen (1980) and Johansen and Juselius (1990) Maximum Likelihood analysis. The
results given in table 5 below suggest the existence of one cointegration vectors at 5% of significance for
the Trace test and for the Max-eigenvalue. This result indicates that there is a long run association. In fact,
the panel tests advance the cointegration results between the dimensions and groups when the dependent
variable is economic growth. And empirically, the results prove the conditions of the rejection of the null
hypothesis: which leads to noticing that economic growth is cointegrated for all the variables. These results
are significant at the level of 5% for the two tests between the dimension (Pedroni’s heterogeneous panel
cointegration tests and Panel ADF-Statistic) this shows that the connections between the variables. We
remark later some statistics results aren't significant for the results between group: such as for the panel
and group versions of ADF-statistic and the group rho-statistic.
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Table 5. Panel Unit Root Tests
Tests LLC | Prob | IPS | Prob | ADF-Fisher | Prob |PP-Fisher | Prob O?I’:gg

GDPG | -3274 |(0.0005) | -2.425] (0.0076) | 26163 | (0.0102)| 2885 |(0.0041)| —
AGDPG | -11.619 | (0.000) |-9.482] (0.000) | 82116 | (0.000) | 113.87 | (0.000) | I(1)
GDPGSQ | -3.822 | (0.000) |-2.646] (0.004) | 27.947 | (0.005) | 36.121 | (0.000) | —
AGDPGSQ| -15670 | (0.000) |-11.622] (0.000) | 91629 | (0.000) | 140251 | (0.000) | I
EPI 1167 | (0.8784) | 0.97 | (0.8341 | 10612 | (0.5624) | 40.792 |(0.0001) | —
AEPI | -3.725 | (0.0001) |-8.793| (0.000) | 78957 | (0.000) | 109.816 | (0.000) | I
CO2E | 1531 |(0.9371) | 2.287 | (0.9889) | 20242 | (0.0626)| 5.735 |(0.9288)| —

( )

( )

ACO2E | -1.809 -2.367 | (0.009) 33.116 (0.0009) | 21.313 | (0.0414) | I(
INVES | -2.192 1626 | (0.0519) | 17425 | (0.0649) | 13688 |(0.1877)| —
AINVES | -5.277 | (0.000) |-4.013](0.0000) | 37.049 | (0.000) | 38.336 | (0.000) | I
FDI 1326 | (0.0923) [-1.299 [ (0.0969) | 16.193 | (0.1825)| 1553 | (0.2137)| —
AFDI | -6551 | (0.000) |-5.358| 0.000) | 47.971 | (0.000) | 54.825 | (0.000) | I
TRADE | -1.438 |(0.0843)|-2.565| (0.0052) | 15.055 | (0.1945)| 19.788 |(0.0712)| —
ATRADE | -7.246 | 0.000) |-5.035| (0.000) | 45.881 | (0.000) | 37.135 |(0.0002) | 1(1)
Note: Probabilities for the Fisher-type tests are computed using an asymptotic Chi-square distribution.
All other tests assume asymptotic normality. The choice of lag levels for IPS and Fisher-ADF test are
determined by empirical realizations of the Schwarz Information Criterion. The LLC and Fisher-PP tests
were computed using the Newey-West automatic bandwidth selection and Bartlett kernel. The panel Unit
Root Test is conducted within an individual and intercept.
Sources: systematised by the authors on the basis of (2002, 2017).

Finally, through the previously-cited results, we finish by the conclusion which supports the existence
of a panel long-run equilibrium relationship among the economic growth, EPI, CO2E, FDI, INVEST, and
TRAD.

Table 6. Panel Co-integration test of Pedroni (2004)

(Within-dimension) | Statistic | Prob. | Statistic | Prob. (Between-group) | Statistic | Prob.
Panel v-Statistic | -0.7257 | 0.7660 | -1.5584 | 0.9404 | Group rho-Statistic | 1.6818 | 0.9537
Panel rho-Statistic | 0.6561 | 0.7444 | 0.9492 | 0.8289 | Group PP-Statistic | -11.336 [0.0000***
Panel PP-Statistic | -6.7469 |0.0000***| -3.4555 |0.0003***| Group ADF-Statistic | -6.1581 |0.0000***
Panel ADF-Statistic | -5.8647 |0.0000***| -3.5542 |0.0002***
Note: The null hypothesis is that the variables are not cointegrated. Under the null hypothesis, all the
statistics are distributed as standard normal distributions. The finite sample distribution for the seven

statistics has been tabulated in Pedroni (2004). The P-values are in parentheses.

Sources: systematised by the authors on the basis of (2002, 2017).

Kao Residual Co-integration test. Table 7 presents the results of Kao's residual panel cointegration
tests. The results of this table rejected the null hypothesis of no cointegration for the variables at the 1%
significance level. Thereby, the results of Kao's residual panel cointegration tests reported in table 6
rejected the null hypothesis of no cointegration for the economic growth and the variables (EPI, CO2E,
FDI, INVEST, and TRAD) at the 1% significance level. This indicates the existence of cointegration.

Long-run estimates FMOLS method. The long-run relationship between economic growth, GDPDSQ,
EPI, CO2E, FDI, INVEST, and TRAD using the panel cointegration technique due to (Pedroni 2004)
reveals the following results: We use the results of panel Fully Modified OLS (FMOLS) exposed in table 7
above. More specifically, the results of the single-equation estimation techniques prove.
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Table 7. Kao Residual Co-integration test

t-Statistic Prob.
ADF -3.262 0.0006***
Residual variance 23.922
HAC variance 16.971

Sources: systematised by the authors on the basis of (2002, 2017).

Firstly, the average cointegration coefficient of environment performance (EPI) is equal to (1.094) and it
is significant at 10%. This remark is identical for the variables (INVEST), (FDI), and (TRADE), with a positive
coefficient respectively equal to (0.534), (2.333), and (0.203) with the exception for the variable CO2 emission
with a coefficient equal to (-0.438) significant at the 10%.

Thus, we prove that a (1%) increase in economic growth leads on average to a (1.094%) increase of the
variable environment performance (EPI) also, we remark that a 1% increase in economic growth leads on
average to a (53.4%) increase of the variable investment (INVEST), and finally, we note that a (1%) increase
in economic growth leads on average to (23.33%) for the variable FDI, and (20.3%) for the variable trade
openness (TRAD). For the variable CO2 emissions (COZ2E), the results show that a (1%) increase in
economic growth leads on average to a (43.8%) decrease of the variable CO2 emissions (CO2E).

In addition, we remark that a (-0.008%) variation of the GDPG square (GDPGSQ) is followed by positives
variations of the variable (EPI) equal to (1.094%), (INVEST) equal to (0.534%), (FDI) equal to (2.333%),
(TRADE) equal to (0.203), and a negative variation of COE emissions equal to (-0.438%).

As far as, we remark positive relations between economic growth and the variable environment
performance (EPI) with significant coefficient equal to (1.094) at 10%, and a coefficient equal to (2.333) for
the variable (FDI), (0.534) the investment (INVEST), and equal to (0.203) for the Variable (TRADE) the rest
variables such as the variable CO2 emissions (CO2E) , and (GDPG), and the square of the (GDPG),the
estimation of the DOLS results show a negative relation. These relationships are not significant at a level of
10%.

Through these evoked, we notice that a positive variation of the economic growth leads to a strong and
positive variation to the variable environment performance (EPI), investment (INVEST), and trade (TRAD).
Also, a positive variation of the economic growth leads to a strong and negative variation to the variable CO2
emissions (CO2E). These last are significant at the level of (1%) and (10%).

Granger Causality Test. As an introduction to the results, it is postulated that the Granger causality
analysis served to examine the cause and effect of the relationship between the variables of the study and
during the study period. The results of Granger causality and regression coefficient for the economic growth
and all variable of the study; (EPI), (CO2E), (FDI), (INVEST), and (TRAD), for all the sample composed by
the GCC countries and during the period (2002-2018), are exposed in table 8.

Table 8. Long-run estimates FMOLS

0 Coeff Std.Error t-Stat| Prob.

GDPG -0.359 0.447 -0.802| 0.426
GDPSQ -0.008 0.042 -0.179| 0.859

EPI 1.094 0.584 1.873 0.066*

CO2E -0.438 0.448 -0.977] 0.333
INVES 0.534 0.2 2.675(0.010**

FDI 2.333 0.905 2.579/0.013**
TRADE 0.203 0.229 0.886| 0.38
R-squared 0.604 S.E. of regression 9.389
Adjusted R-squared | 0.533 Long-run variance 61.044

*** and * indicate the level of significance at 1% and 10%
Sources: systematised by the authors on the basis of (2002, 2017).

262 Marketing and Management of Innovations, 2019, Issue 4
http://mmi.fem.sumdu.edu.ua/en



H. Dkhili, L. B. Dhiab. Management of Environmental Performance and Impact of the Carbon Dioxide Emissions (CO2) on
the Economic Growth in the GCC Countries

Indeed, our results show a unidirectional relationship of the sample GCC countries between economic
growth and the variables; (EPI), (INVEST), (FDI), and (TRADE) at the level of 5%.

In addition, our panel Granger causality tests results reported in table 8, advanced that the variable
CO2 Emissions (CO2E) do not Granger cause economic growth (GDPPC), with an insignificant level. Also,
the results indicate that economic growth (GDPPC) have a positive impact on the variables; (EPI),
(INVEST), (FDI), and (TRADE). And, we prove a negative unidirectional relation with the variable CO2
emissions (CO2E). This one isn't significant at the two levels (1%) and (5%).

Table 9. Granger Causality Test

Null Hypothesis: Obs | F-Statistic Prob.
GDPG does not Granger Cause CO2E 84 0,0408 0.9600
CO2E does not Granger Cause GDPG 3,7481 0.0279**
GDPSQ does not Granger Cause CO2E | 84 0,0678 0.9345
COZ2E does not Granger Cause GDPSQ 2,3540 0.0862*
EPI does not Granger Cause CO2E 90 6,3572 0.0027**
CO2E does not Granger Cause EPI 1,2699 0.2861
INVES does not Granger Cause CO2E 62 1,3215 0.2748
CO2E does not Granger Cause INVES 0,2073 0.8134
FDI does not Granger Cause CO2E 84 2,8910 0.0614*
CO2E does not Granger Cause FDI 0,0352 0.9654

**and *** indicate the level of significance at 5% and 1%
Sources: systematised by the authors on the basis of (2002, 2017).

Finally, we conclude that our results advance relationships between the variables described by:

— Unidirectional causality between CO2E and GDP growth and GDPSQ running from CO2E to
growth.

— Unidirectional causality between EPI and CO2E running from EPI to COZ2e.

— Unidirectional causality between FDI and CO2E running from FDI to CO2e

— Unidirectional causality between TRADE and COZ2E running from TRADE to CO2e

— No causality between INVES and CO2E

Also, the result for the GCC countries doesn’t support the carbon emissions EKC hypothesis.

Conclusions. The purpose of this paper is to understand the attitude of the economic growth towards
the environmental components: the level of emission of CO2 emissions (ton metric) and the environmental
performance. This relationship is studied based on the reaction of macroeconomic variables such as
foreign direct investment, trade openness, and investment. The literature review reveals theoretical and
empirical work in different contexts. For our study, we are interested in the context of the GCC countries.

In fact, the studies of Saidi and Mbarek (2017), Dkhili (2018), Boutabba, (2014), Shahbaz et al. (2013),
Salahuddin et al. (2015), Shuai et al. (2017), Bekhet and Othman (2017), Liu et al. (2017), Kaushik et al.
(2006), Ouyang and Lin (2017), Dkhili and Ben Dhiab (2019), He et al. (2017), and Zhang et al. (2017)
result empirically from the existence of a unidirectional and positive relationship between environmental
performance and growth economy. Some other researchers focused on the study of the linkage between
the environmental performance and the variables macroeconomic as the foreign direct investment, the
trade openness, the investment, and the CO2 emissions. In which, the results drawn by Altwaijri et al.,
(2004), Bohringer and Ochem, (2007), Sugiawan et al., (2019), Churchill et al., (2019), He et al., (2019a),
Miao et al., (2019), Saini and Sighania (2019), Ershad and Haque (2019), Yang et al., (2019), and He et
al.,, (2019b), indicate a positive interactions between the variables.
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Actually, our research starts from the theoretical underpinning which supports the problematic of
discovering the linkage between six key variables (GDPPC, EPI, TRAD, INVEST, FDI, and CO2E) and
the meaning of these relationships. The methodological tools of the research methods try to measure the
influence of economic growth on the other variables quoted above. We used the econometric approach
embodied by the GMM method on a data panel composed of six GCC countries. The results prove positive
unidirectional relations between economic growth and the variable economic growth and environmental
performance (EPI), (FDI), (INVEST), (TRAD). Also, the results advanced a negative unidirectional relation
with the variable economic growth and CO2 emissions (CO2E). These findings can also be associated
with some implications for the GCC countries.

These results confirm those found by Ershad and Haque (2019), He et al., (2019b), Chen et al. (2019),
Sheng et al. (2019), Azam et al., (2019), Bekun et al., (2019), Bakirtas and Atalay Cetin (2017) , Saidi and
Mbarek (2017),and Miao et al., (2019).

The conclusion found for GCC countries proves a positive relationship between the variables of the
study except for the variable CO2 emissions, the results showed a negative relationship. More concretely,
the more economic growth improves in countries, the more they release carbon dioxide. This is seen
clearly by encouraging foreign investment, open trade, investment. At the same time, these countries opt
for maintaining a healthy environment, given the positive relationship between the growth economy and
environmental performance. These findings can support development policy makers in the GCC countries
to consider clean and environmentally friendly investment for sustainable urban development. The findings
also help save the world from natural disasters and preserve the environment under sustainable
development policies. It also provides a new perspective on the relationship between environmental
performance, economic growth, and carbon dioxide emissions.

The results don't support the Environmental Kuznets Curve (EKC) in the GCC countries, and they
can't be able to promote the validity of the CO2 emission against the EKC framework. Indeed, show that
the GDPG and CO2 emission have a statistically insignificant negative impact on the carbon emission and
its square has an insignificant negative effect on the carbon emissions both in the short-run and long-run.

Furthermore, the results of this study may be of great importance to policymakers and decision-makers
for the development of energy policies in the GCC countries. Which contribute to reducing carbon
emissions while maintaining Economic Growth.

Finally, this study opens up new insights for the GCC economy to maintain economic growth by
controlling the environment from degradation through the efficient use of energy.
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1. B. fxia6, [igHiyHuti npukopdorHili yHigepcumem (Caydiscbka Apasis).

EdhekTnBHE ynpaBniHHA NpUpoA0OXOPOHHOI0 AifNbLHICTIO: BNNMB BUKMAIB ABOOKMCY ByrneLto (CO2) Ha ekoHOMiYHe
3pocTaHHA apabcbkux Aepxas Mepcbkoi 3aTokm

Y daHili pobomi y3aeanbHeHi apeymeHmu ma KOHmMpapayMeHmu 8 pamkax Haykosoi OucKycii 3 numaHb eghekmusHocmi
ynpasJiHHsi npupod00XopOHHOK isnbHICMI0, 30Kpema w000 3MeHWweHHs sukudie ABOOKUCY 8yaneuto ma ii ennugy Ha eKOHOMIYHe
3pocmatHsi kpaiH. OcHosHOK Memok npogedeHo20 00CTIOKEHHS € eMnipudHa nepesipka einome3su ekonoaiyHoi kpusoi KysHeus
ons apabebkux kpaiH Mepcbkoi 3amoku. Cucmemamusauis nimepamypHux dxepen ma nidxodis 00 po3g'asaHHs npobrnemu
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MOOeI08aHHs €K01020-eKOHOMIYHOI 83aeModii 3acgidduna, Wo akmyanbHUMU 3anuwamsCa nNUMaHHs AOCITIOKEHHS 363Ky MK
EKOHOMIYHUM PO38UMKOM ma pigHeM 3abpyOHEHHSIM HasKoMUWHB020 cepedoguwya. LocnidxeHHs sinome3u ekonoziyHoi Kpusoi
KysHeus dns apabebkux kpai [lepcbkoi 3amoku 8 cmammi 30ilicHeHo 8 HacmynHili noeiywiti nocidosHocmi: nobydosa cucmemu
modeneli GMM; koiHmezpauitiHuti mecm [Tedpori; 3anuwkosuli koiHmeepauiliHuli mecm Kao) ma npudurHi mecmu IpeliHoxepa.
Ob’ekmom docnidxeHHs obpaHo apabebki kpaiHu [lepcbkoi 3amoku, nepiodom docnioxeHHs obpaqo 2002-2018 poku.
MpedcmasneHi pe3ynbmamu eMnipu4Ho20 aHanisy 3aceioyusiu 00HOCNPAMOBaHI NPUYUHHO-HACTIOKOBI 368'A3KU MiX €KOHOMIYHUM
3pocmaHHaM ma 8cima eHO02eHHUMU 3MiHHUMU (iHOeKC ekonoeiqHoi eghekmusHOCMI, pigeHp 8IOKpUMOCmi mopeieni, npsmi iHO3eMHi
iHeecmuuii) 3anponoHoB8aHoI exoHoMiko-MamemamuyHoi mModeni. Lli 8iOHOCUHU € cmamucmuyHO 3Hayywumu Ha pigHi 5%.
[LocnidxeHHs emnipuyHo nidmeepdxye ma meopemuyHo 00800uMb HeCymmesuli ma 0OHOHaNPaseHuLl 38'A30K MiX eKOHOMIYHUM
3pocmaHHaM ma eukudamu A800KUCY 8yareur. Aemopu cnpocmosytomb 2inome3y exonoeiyHoi kpusoi Ky3Heus 0ns apabebKux
KkpaiH lMepcbkoi 3amoku. Pe3ynbmamu npogedeHo20 0ocnioxeHHs MOXymb 6ymu kopucHumu npu nobydosi nosimuku apabebKux
KkpaiH Mepcekoi 3amoku w000 3MEHWeHHs cepedHbo20 pigHs 8ukudie d800KUCY 8yarieyto ma nobydosu eekmugHoi cucmemu
ynpassiHHs npupoAOOXOPOHHOK DiSITIBHICMIO.
Knto4oBi crioBa: ekonorivHi NokasHUkW, exkororiyHa kpuea KysHeLs, BUKMANM ABOOKUCY BYrNeEL0.
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