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CO2, QUALITY OF LIFE AND ECONOMIC GROWTH IN MENA 

COUNTRIES 

Tuncer GÖVDELİ1 

ABSTRACT 

This paper examines the nexus between CO2 emissions, quality of life and economic growth in 12 

MENA countries over the period of 1970–2014. Empirical results show that there is unidirectional causality 

from CO2 emissions to economic growth. However, there is unidirectional causality from economic growth 

to quality of life. There is also bidirectional causality between CO2 emissions and quality of life. This study 

shows that environmental policies need to recognize differences in MENA countries in order to increase 

sustainable economic growth and quality of life. 
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Mena Ülkelerinde CO2, Yaşam Kalitesi ve Ekonomik Büyüme 

 
Özet 

Bu çalışmanın amacı 12 MENA ülkesini yaşam kalitesi (quality of life), CO2 emisyonu ve 
ekonomik büyüme arasındaki ilişkiyi 1970 ile 2014 dönemi boyunca incelemektir. Ampirik 
sonuçlar göstermektedir ki CO2 emisyonundan ekonomik büyümeye doğru tek yönlü nedensellik 
vardır. Bununla birlikte ekonomik büyümeden yaşam kalitesine doğru tek yönlü nedensellik 
ilişkisi tespit edilmiştir. Ayrıca CO2 emisyonu ile yaşam kalitesi arasında çift yönlü nedensellik 
vardır. Çalışma, çevre politikalarının MENA ülkelerinde sürdürülebilir ekonomik büyümeyi ve 
yaşam standartlarını artırabilmek için farklılıkları tanıması gerektiğini göstermektedir. 

Anahtar Kelimeler: CO2 Emisyonu, Yaşam Kalitesi, Ekonomik Büyüme, MENA Ülkeleri 

 

INTRODUCTION 

The relationship between quality of life, CO2 emissions and economic growth has entered 

into the literature in recent years. CO2 emissions have been an important factor in economic 

growth in the last few decades (Ahmad et al., 2017; Riti et al., 2017). However, the degree and 

the extent to which CO2 emissions affect quality of life is an issue yet to be investigated. The 

motivation of this study is to analyze empirically the relationship between quality of life, CO2 

emissions and economic growth for Middle East and North African (MENA) countries. 

At low development levels, environmental pollution is limited in both quantity and density. 

In such economies, while the growth is limited, there is little damage to the environment by the 

waste produced that disrupts the environment. Generally recyclable wastes do not pose a threat to 

the environment. As the economy develops, with the intensification of agriculture and 

industrialization, the resource consumption rate starts to exceed the resource regeneration rate and 

the amount of waste generation and toxicity increases. Structural changes to knowledge-intensive 

industries and services at higher levels of development, increasing environmental awareness of 

people, enforcing environmental regulations, developing technology and more environmental 

expenditures result in the gradual reduction of environmental pollution (Panayotou, 1993). The 

environmental Kuznets curve (EKC) is primarily due to the increase of revenue, and then to a 

decrease in environmental damage. This inverse U-shaped hypothesis means that growth can be 

understood as not a threat to global sustainability. Sustainable growth is used to mean that the real 
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GDP growth rate per capita for half a century is about 1.5% annually (Easterlin and Angeles, 

2012). 

Many studies have shown that quality of life plays an increasingly important role in 

economic growth (Rafiq et al., 2016; Borhan et al., 2013). The fact that economic growth and 

quality of life affect each other, enables living standards to increase. It is among the priorities of 

developing societies that they can increase their quality of life together with economic growth. 

In the last few decades, MENA countries have grown very rapidly due to agricultural 

sources and natural resources (crude oil, natural gas, non-mineral resources). In addition, the 

ecosystem of the region, including the air, water and land, has been severely affected by the 

intensive use of energy and the rapid increase in population and urbanization (Charfeddine and 

Mrabet, 2017). 

The structure of this study is detailed as follows. A literature review is undertaken in the 

second part, followed by section three which includes the method description and the sources of 

information used. An explanatory analysis is given in section four, and finally, chapter five 

presents the results and policy recommendations. 

 

I. LITERATURE 

The causality relationship between environmental pollution and economic growth can be 

examined in three groups. In the first group, environmental pollution is the cause of economic 

growth. It is here that the study of the Philippines during the period 1965 to 2010 (Lim et al., 

2014), the study of Malaysia during the period from 1975 to 2011 (Azlina et al., 2014), the study 

of the BRICS countries during the period from 1971 to 2005 (Pao and Tsai, 2010), the study of 

the 19 developed and developing countries during the period from 1984 to 2007 (Apergis et al., 

2010), are listed. 

In the second group, economic growth is the cause of environmental pollution. It is in this 

group that the study of Saudi Arabia during the period from 1960 to 2009 (Kohler, 2013), the 

study of Iran during the period from 1967 to 2007 (Lotfalipour et al., 2010), the study of BRICS 

countries during the period from 1990 to 2010 (Cowan et al., 2014), the study of 11 Asian 

countries during the period from 1990 to 2011 (Azam, 2016), the study of 36 high-income 

countries during the period from 1980 to 2005 (Jaunky, 2011), and the study of three North 

African countries during the period from 1980 to 2012 (Kais and Ben Mbarek, 2017), are listed. 

In the third group, there is bidirectional causality between economic growth and 

environmental pollution. Here, the study of MENA countries during the period from 1990 to 2011 

(Omri, 2013), the study of Saudi Arabia during the period from 1980 to 2011 (Alkhathlan and 

Javid, 2013), the study of BRICS countries during the period from 1990 to 2010 (Cowan et al., 

2014), and the study of Croatia during the period from 1992 to 2011 (Ahmad et al., 2017), are 

listed. 

Studies examining the relationship between economic growth and quality of life are limited 

in the literature. Meng and Han (2018) investigated the relationship between Shanghai's 

transportation infrastructure, economy, population and environment. The cointegration 

relationship between the variables was analyzed by Johansen cointegration test. In the findings, 

the cointegration relationship between the variables was determined. According to the Granger 

causality test, a unidirectional causality from economic growth to population density, economic 

growth to CO2 emission was determined. There is also bidirectional causality population density 

and economic growth. 
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Ali et al. (2017), studied four countries in South Asia (Bangladesh, India, Sri Lanka and 

Pakistan) that were investigated during the period from 1980 to 2013. The study used the Larsson 

panel cointegration and Durbin Hausman causality test, which used environment, renewable and 

non-renewable energy sources, per capita output and population density variables. In the findings, 

the per capita output and population density positively affect CO2 emissions. In addition, there is 

a bidirectional causality relationship between population density and CO2 emissions. Rafiq et al. 

(2016) analyzed 22 emerging economies during the period from 1980 to 2010. According to the 

findings, population density and economic growth have increased CO2 emissions. 

II. METHODS AND MATERIALS 

In this paper, annual data covering the period from 1970 to 2014 were used for 12 MENA 

countries (Algeria, Egypt, Iran, Israel, Jordan, Kuwait, Morocco, Qatar, Saudi Arabia, Sudan, 

Tunisia and Turkey). Three models were analyzed empirically with economic growth (GDP), CO2 

emission (CO2) and population density (POP) variables. These models:  

 Model 1: 𝑃𝑂𝑃𝑖𝑡 = 𝛾1 + 𝛽1𝑖𝐺𝐷𝑃𝑖𝑡 + 𝛽2𝑖𝐶𝑂2𝑖𝑡 + 𝜀𝑖𝑡   (1) 

Model 2: 𝐶𝑂2𝑖𝑡 = 𝛾2 + 𝛽3𝑖𝐺𝐷𝑃𝑖𝑡 + 𝛽4𝑖𝑃𝑂𝑃𝑖𝑡 + 𝜀𝑖𝑡   (2) 

Model 3: 𝐺𝐷𝑃𝑖𝑡 = 𝛾3 + 𝛽5𝑖𝑃𝑂𝑃𝑖𝑡 + 𝛽6𝑖𝐶𝑂2𝑖𝑡 + 𝜀𝑖𝑡   (3) 

where 𝑖 = 1,2, … , 𝑁 refers to the number of cross sections in the panel, 𝑡 = 1,2, … , 𝑇 

is the time dimension. GDP (current US $), CO2 (kt) and POP (people per sq. Km of land 

area) were used in the natural logarithm. 

A. CROSS SECTION DEPENDENCE ANALYSIS 

In this study, it was determined that a cross sectional dependence analysis should be 

performed. Thus, the unit root test and cointegration test to be used will be selected correctly. In 

case of cross sectional dependence, the unit root and cointegration test should be selected from 

the second generation tests. Cross-sectional dependence tests used in the study include; Breusch-

Pagan (1980) 𝐶𝐷𝐿𝑀  test, Pesaran (2004) 𝐶𝐷𝐿𝑀  test, Pesaran (2004) 𝐶𝐷  test and Pesaran vd. 

(2008) Bias Adjusted 𝐿𝑀𝐴𝐷𝐽 test. Hypotheses for tests H0: No cross sectional dependency and H1: 

There is a cross sectional dependency. Breusch-Pagan (1980) 𝐶𝐷𝐿𝑀 and Pesaran (2004) 𝐶𝐷𝐿𝑀 

tests give better results when the time dimension is larger than the cross sectional size (T> N), 

Pesaran (2004) 𝐶𝐷 and Pesaran vd. (2008) Bias Adjusted 𝐿𝑀𝐴𝐷𝐽  tests give better results when 

the cross sectional size is larger than the time dimension (N> T). In this study, the results of the 

four tests were given to show that the results were consistent. 

B. UNIT ROOT TEST 

In this study, a second-generation panel unit root test, Pesaran (2007) CADF panel unit root 

test was used. This test is based on the extended Dickey-Fuller (ADF) regression. 

 𝛥𝑥𝑖𝑡 = 𝑧𝑖𝑡
′ 𝛾 + 𝜌𝑖𝑥𝑖𝑡−1 + ∑ 𝜙𝑖𝑗𝛥𝑥𝑖𝑡−𝑗 + 𝜀𝑖𝑡

𝑘𝑖
𝑗=1     (4) 

where, 𝑘𝑖  is the lag length; 𝑧𝑖𝑡  is the determinant terms and 𝜌𝑖  is the first-order 

autoregressive parameters specific to the section. 

Standard Im, Pesaran and Shin (2003) IPS testing can lead to false inferences in the case 

of external economies or shocks. Hence, Pesaran (2007) suggested that the cross-sectional 

expanded IPS test is to be used. This test is the cross-sectional averages of delayed levels and the 

first difference of individual series and the extended ADF regression (Herzer, 2016). Accordingly, 

the cross-sectional expanded ADF (CADF) regression; 

𝛥𝑥𝑖𝑡 = 𝑧𝑖𝑡
′ 𝛾 + 𝜌𝑖𝑥𝑖𝑡−1 + ∑ 𝜙𝑖𝑗𝛥𝑥𝑖𝑡−𝑗 + 𝛼𝑖�̅�𝑡−1 + ∑ 𝜂𝑖𝑗𝛥�̅�𝑡−𝑗

𝑘𝑖
𝑗=0 + 𝜈𝑖𝑡

𝑘𝑖
𝑗=1  (5)   
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where, �̅�𝑡 is the cross sectional mean of 𝑥𝑖𝑡 and �̅�𝑡 = 𝑁−1 ∑ 𝑥𝑖𝑡
𝑛
𝑖=1 . Stability is determined 

by taking the arithmetic mean of CADF statistics calculated for each section. 

𝐶𝐼𝑃𝑆 = 𝑡 − 𝑏𝑎𝑟 = 𝑁−1 ∑ 𝑡𝑖
𝑁𝑖
𝑖=1       (6) 

where, 𝑡𝑖 is the OLS t-ratio of 𝜌𝑖 in equation 5. The critical value is compared with the table 

values in Pesaran (2007). 

C. TESTING SLOPE HOMOGENEITY 

Testing slope homogeneity was presented to the literature by Swamy (1970). Pesaran and 

Yamagata (2008) developed the Swamy (1970) test. According to a general cointegration 

equation: 

𝑌𝑖𝑡 = 𝛼 + 𝛽𝑖𝑋𝑖𝑡 + 𝜀𝑖𝑡       (7) 

where, 𝛽𝑖 , slope coefficients are analyzed between the cross sections. The null 

hypothesis of this test is 𝐻0: 𝛽𝑖 = 𝛽 ; slope coefficients are homogeneous and the 

alternative hypothesis 𝐻1: 𝛽𝑖 ≠ 𝛽 ; slope coefficients are heterogeneous. Pesaran and 

Yamagata (2008) developed the following tests to test hypotheses: 

�̃� = √𝑁
𝑁−1�̃�−𝑘

√2𝑘
        (8) 

�̃�𝑎𝑑𝑗 = √𝑁
𝑁−1�̃�−𝑘

√𝑉𝑎𝑟(𝑡,𝑘)
       (9) 

where, N is the number of cross sections, S is the Swamy test statistic, k is the number of 

explanatory variables and √𝑉𝑎𝑟(𝑡, 𝑘)indicates the standard error. Equality 8; is used for large 

samples, however equality 9 is used for small samples (Govdeli, 2019). 

D. COINTEGRATION ANALYSIS 

In this part of the study, the cointegration relationships in the models were analyzed by the 

LM bootstrap panel cointegration test developed by Westerlund and Edgerton (2007). The LM 

bootstrap panel cointegration test is based on the Lagrange multiplier test developed by 

McCoskey and Kao (1998). The test of McCoskey and Kao (1998) ignores the cross-sectional 

dependence, while the LM bootstrap test takes into account the cross sectional dependence. 

𝑦𝑖𝑡 = 𝜎𝑖 + 𝑥𝑖𝑡
′ 𝛽𝑖 + 𝑧𝑖𝑡                 (10) 

where, 𝑡 = 1,2, … , 𝑇 and 𝑖 = 1,2, … , 𝑁 are respectively time series and cross section units. 

The 𝑥𝑖𝑡 vector has a size K. The regressors are assumed to follow a pure random walk process. 

Error terms 𝑧𝑖𝑡 are presented as follows: 

𝑧𝑖𝑡 = 𝑢𝑖𝑡 + 𝑣𝑖𝑡 with 𝑣𝑖𝑡 = ∑ 𝑛𝑖𝑗
𝑡
𝑗=1                (11) 

where, 𝑛𝑖𝑗 is an independent and identically distributed (i.i.d.) process with a zero mean 

and variance 𝑛𝑖𝑗 = 𝜎𝑖
2. 

The vector 𝑤𝑖𝑡 is a a linear process satisfying. 

𝑤𝑖𝑡 = ∑ 𝛼𝑖𝑗𝑒𝑖𝑡−𝑗
∞
𝑗=0    

where, 𝑒𝑖𝑡 is i.i.d. zero error during t. The Westerlund and Edgerton (2007) hypothesis of 

panel cointegration test 𝐻0: 𝜎𝑖
2 = 0 for all 𝑖 against 𝐻1: 𝜎𝑖

2 > 0 for some 𝑖. The Westerlund and 

Edgerton (2007) panel cointegration test can be estimated as follows: 

𝐿𝑀𝑁
+ =

1

𝑁𝑇2
∑ ∑ �̂�𝑖

−2𝑆𝑖𝑡
2𝑇

𝑖=1
𝑁
𝑖=1                 (12) 
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where, 𝑆𝑖𝑡 is the partial sum process of �̂�𝑖𝑡 and �̂�𝑖
2 is the estimated long-run variance of 𝑢𝑖𝑡  

conditional on 𝛥𝑥𝑖𝑡. 

E. COINTEGRATION COEFFICIENTS ESTIMATE ANALYSIS 

In this study, the method used to estimate the cointegration coefficients of the variables 

was presented by Eberhardt and Bond (2009) Augmented Mean Group Estimator (AMG). The 

AMG estimator is a test that can be used when the variables are stationary in I (1) and have cross 

sectional dependence. In the first stage of this test, a standard FMOLS regression is shown with 

first T-1 year dummy. In the second stage, the unrevised common effect is replaced by a sequence 

of estimation coefficients on time puppets and individual regressions are estimated by OLS 

(Eberhardt and Bond (2009); Guloglu and Bayar (2016); Atasoy (2017). 

∆𝑦𝑖𝑡 = 𝛾1𝑖 + 𝛿𝑖∆𝑥𝑖𝑡 + 𝜔𝑖𝑓𝑡 + ∑ 𝜃𝑡
𝑇
𝑡=2 𝐷𝑈𝑀𝑀𝑌𝑡 + 𝜀𝑖𝑡             (13) 

where, ∆ is the operator of the difference, y is the identical of the time dummies and the 

common dynamic process. Group-specific model parameters are averaged throughout the panel. 

𝐴𝑀𝐺 = 𝑁−1 ∑ 𝛿𝑖
𝑁
𝑖=1                  (14) 

where, 𝛿𝑖 is the estimate of the coefficients in equation 13. 

F. EMIRMAHMUTOĞLU and KOSE PANEL CAUSALITY ANALYSIS 

Emirmahmutoğlu and Köse (2011) causality analysis gives causality relations 

between the cross sections as well as the causality relationship across the panel. 

In the Emirmahmutoğlu and Köse (2011) panel causality test, the LA-VAR approach of 

Toda and Yamamoto (2005) was expanded by using Meta analysis. The variables stationary I(0) 

or I (1) are suitable for the implementation of this test. In addition, the cointegration relationship 

is not considered in this test. Fisher's (1932) test statistic was used to test Granger causality in 

heterogeneous panels. P values are independent variables of pi (i = 1,…, N). Fisher test statistics 

(λ): 

λ = −2 ∑ ln (𝑝𝑖)𝑁
𝑖=1 ,    i=1,2….N                (15) 

where, 𝑝𝑖 is the p value corresponding to the Wald statistics of the i-th. This test with a chi-

square distribution with 2N degrees of freedom applies only if it is fixed to N, T → ∞. 

In the Emirmahmutoğlu and Köse (2011) test, the heterogeneous mixed panels with ki + d 

max delayed VAR model are as follows: 

𝑥𝑖𝑡 = 𝜇𝑖
𝑥 + ∑ 𝐴11,𝑖𝑗𝑥𝑖,𝑡−𝑗 +

𝑘𝑖+𝑑𝑚𝑎𝑥𝑖
𝑗=1 ∑ 𝐴12,𝑖𝑗𝑦𝑖,𝑡−𝑗 +

𝑘𝑖+𝑑𝑚𝑎𝑥𝑖
𝑗=1 𝑢𝑖,𝑡

𝑥             (16) 

𝑦𝑖𝑡 = 𝜇𝑖
𝑦

+ ∑ 𝐴21,𝑖𝑗𝑥𝑖,𝑡−𝑗 +
𝑘𝑖+𝑑𝑚𝑎𝑥𝑖
𝑗=1 ∑ 𝐴22,𝑖𝑗𝑦𝑖,𝑡−𝑗 +

𝑘𝑖+𝑑𝑚𝑎𝑥𝑖
𝑗=1 𝑢𝑖,𝑡

𝑦
            (17) 

where, 𝑑𝑚𝑎𝑥𝑖 is maximal order of integration suspected to occur in the system for 

each 𝑖. In equality (16), the focus is on X’ to Z causality testing. A similar procedure was 

applied within the equation (17). 

III. RESULTS and DISCUSSIONS 

When estimating the three-way bonds between CO2 emissions, quality of life and economic 

growth, it is necessary to first determine the cross-sectional dependence of the variables. The 

cross-sectional dependence of the variables is presented below. 
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Table 1: Cross Sectional Dependence Tests Results 

TESTS POP  GDP  CO2  

 Statistic p-value Statistic p-value Statistic p-value 

CDLM (BP,1980) 255.387 0.018 508.546 0.000 128.359 0.000 

CDLM (Pesaran, 2004) 16.484 0.009 38.519 0.000 5.428 0.000 

CD (Pesaran, 2004) 4.255 0.012 8.005 0.000 -3.681 0.000 

LMADJ (PUY, 2008) 7.320 0.000 14.312 0.000 16.165 0.000 

 

Table 1 shows the cross sectional dependence results of each variable. The null hypothesis 

was rejected according to the results of four tests. In other words, there is a cross-sectional 

dependence on population density, economic growth and CO2 emission. Due to the cross sectional 

dependence of the variables, the panel unit root test should be selected from the second generation 

panel unit root tests.  

 
Table 2: Panel Unit Root Test Results 

  lnPOP lnGDP LNCO2 ΔlnPOP ΔlnGDP ΔlnCO2 

  CADF-statistic CADF-statistic CADF-statistic CADF-statistic CADF-statistic CADF-statistic 

Panel -2.084 -2.329 -2.242 -4.047* -3.494* -4.337* 

Note: The critical table values N=28 T=34, on pg. 280 on Table IIb constant is -2.55 at 1% and -2.33 at 

5%, max lag length is taken as 3 and optimal lag lengths are determined by Schwarz information criterion. 

* and ** represents the significance level of 1% and 5% respectively. 

 

The Pesaran (2007) CADF panel unit root test results are presented in Table 2. According 

to the test results, population density, economic growth and CO2 emission variables are not stable 

at the level I(0). With the difference of the variables, they became stationary from the first order 

I(1). 

In order to determine the cointegration tests to be used in this study, it is necessary to 

determine the cross sectional dependence and slope coefficients homogeneity. The results of cross 

section dependence and homogeneity results of MODEL 1, MODEL 2 and MODEL 3 are 

presented below. 

 

Table 3: Cross Section Dependence and Homogeneity Tests 

MODEL 1   

𝑷𝑶𝑷𝒊𝒕 = 𝜸𝟏 + 𝜷𝟏𝒊𝑮𝑫𝑷𝒊𝒕 + 𝜷𝟐𝒊𝑪𝑶𝟐𝒊𝒕 + 𝜺𝒊𝒕 Statistic p-value 

Cross-section dependency tests:   

CDLM (BP,1980) 379.912 0.000 

CDLM (Pesaran, 2004) 27.323 0.000 
CD (Pesaran, 2004) 6.731 0.000 

LMADJ (PUY, 2008) 47.696 0.000 

Homogeneity tests:   

  
28.358 0.000 

adj   
29.678 0.000 

MODEL 2   

𝑪𝑶𝟐𝒊𝒕 = 𝜸𝟐 + 𝜷𝟑𝒊𝑮𝑫𝑷𝒊𝒕 + 𝜷𝟒𝒊𝑷𝑶𝑷𝒊𝒕 + 𝜺𝒊𝒕 Statistic p-value 

Cross-section dependency tests:   
CDLM (BP,1980) 344.169 0.000 

CDLM (Pesaran, 2004) 24.211 0.000 

CD (Pesaran, 2004) 10.601 0.000 
LMADJ (PUY, 2008) 31.392 0.000 

Homogeneity tests:   

  
37.011 0.000 
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adj   
38.733 0.000 

MODEL 3   

𝑮𝑫𝑷𝒊𝒕 = 𝜸𝟑 + 𝜷𝟓𝒊𝑷𝑶𝑷𝒊𝒕 + 𝜷𝟔𝒊𝑪𝑶𝟐𝒊𝒕 + 𝜺𝒊𝒕 Statistic p-value 

Cross-section dependency tests:   

CDLM (BP,1980) 529.768 0.000 
CDLM (Pesaran, 2004) 40.366 0.000 

CD (Pesaran, 2004) 19.071 0.000 

LMADJ (PUY, 2008) 34.021 0.000 

Homogeneity tests:   

  
18.144 0.000 

adj   
18.989 0.000 

In order to select the cointegration test, firstly, a cross correlation analysis is required in 

regressions. Table 3 shows the cross sectional dependence and homogeneity results of three 

regressions. According to the findings, the hypothesis of the null hypothesis is rejected. Hence, 

there is a cross-sectional dependence in all three models. The homogeneity test results are given 

in Table 3 too. In all three models, the null hypothesis was rejected, and the slope coefficients 

were found to be heterogeneous in the panel. 

 

Table 4: Panel Cointegration Test Results 
 Statistic bootstap p-value 

MODEL 1   

𝑳𝑴𝑵
+ 4.415 0.936 

MODEL 2   

𝑳𝑴𝑵
+ 3.233 0.139 

MODEL 3   

𝑳𝑴𝑵
+ 2.138 0.287 

 

Table 4 shows Westerlund and Edgerton (2007) panel cointegration test results. The test 

statistics, the hypothesis of the null hypothesis in the panel, which is the null hypothesis can not 

be rejected in all three models. Thus, there are cointegration relationships in three models. In other 

words, it is concluded that the series will act together in the long term. No coincidence regression 

will be encountered in the cointegration analysis. 

 

Table 5: Cointegration Coefficient Estimates Test Results 
MODEL 1  

𝑷𝑶𝑷𝒊𝒕 = 𝜸𝟏 + 𝜷𝟏𝒊𝑮𝑫𝑷𝒊𝒕 + 𝜷𝟐𝒊𝑪𝑶𝟐𝒊𝒕 + 𝜺𝒊𝒕 
  Cointegration Coefficient p-value 

GDP 0,125* 0.002 

CO2 -0,356* 0.000 

MODEL 2 
𝑪𝑶𝟐𝒊𝒕 = 𝜸𝟐 + 𝜷𝟑𝒊𝑮𝑫𝑷𝒊𝒕 + 𝜷𝟒𝒊𝑷𝑶𝑷𝒊𝒕 + 𝜺𝒊𝒕 

  Cointegration Coefficient p-value 

GDP 0,224* 0.000 

POP 1,101* 0.000 

MODEL 3 
𝑮𝑫𝑷𝒊𝒕 = 𝜸𝟑 + 𝜷𝟓𝒊𝑷𝑶𝑷𝒊𝒕 + 𝜷𝟔𝒊𝑪𝑶𝟐𝒊𝒕 + 𝜺𝒊𝒕 

  Cointegration Coefficient p-value 

POP 1.021* 0.001 

CO2 0,974* 0.000 

Note: *, ** and *** represents the significance level of 1%, 5% and 10% respectively. 
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After the cointegration relationship was determined between the variables, the 

cointegration coefficient estimates were estimated by the AMG cointegration estimator method. 

According to the findings of Model 1, the economic growth coefficient was found 0.125 and is 

statistically significant. The coefficient of CO2 emissions was determined as -0.356. In Model 2, 

economic growth and population density coefficients are positive and significant according to 

1%. In Model 3, the elasticity coefficients of population density and emission were positive and 

significant according to 1% level. The fact that the elasticity coefficients of population density in 

Models 2 and 3 are greater than 1 indicates that this variable is an elastic variable (Table 5). 

 

Table 6: The causality relationship between GDP and POP 
Country Lag GDP↛POP p-value  POP↛GDP p-value  

Algeria 3 1.904 0.592 14.875* 0.002 

Egypt 3 2.157 0.541 6.564*** 0.087 

Iran 3 1.360 0.715 4.225 0.238 

Israel 2 2.171 0.338 6.750** 0.034 

Jordan 3 2.367 0.500 3.036 0.386 

Kuwait 1 0.628 0.428 0.049 0.825 

Morocco 3 12.001* 0.007 8.307** 0.040 

Qatar 3 3.181 0.365 18.742* 0.000 

Saudi Arabia 3 4.698 0.195 10.064** 0.018 

Sudan 3 5.112 0.164 4.472 0.215 

Tunisia 3 5.637 0.131 8.663** 0.034 

Turkey 3 17.398* 0.001 1.745 0.627 

Fisher stat.  45.882* 0.005 70.687* 0.000 

Note: *, ** and *** represents the significance level of 1%, 5% and 10% respectively. 

 

Table 6 shows the Emirmahmutoğlu and Köse (2011) panel causality results between 

economic growth and population density. According to the results of causality relationship 

between cross sections; the hypothesis of “economic growth is not the cause of population 

density" was rejected in Turkey. For this reason, economic growth is the cause of population 

density in Turkey. Additionally, the hypothesis of “population density is not the cause of 

economic growth" was rejected in Algeria, Egypt, Israel, Saudi Arabia and Tunisia. This 

explains why population density is the cause of economic growth in Algeria, Egypt, Israel, Saudi 

Arabia and Tunisia. With respect to the causality relation in the panel, bidirectional causality 

relationship between CO2 emissions and economic growth was determined. 

 

Table 7: The causality relationship between GDP and CO2 
Country Lag GDP↛CO2 p-value  CO2↛GDP p-value  

Algeria 1 0.098 0.754 0.339 0.560 

Egypt 1 0.062 0.803 4.055** 0.044 

Iran 1 3.368*** 0.066 0.679 0.410 

Israel 1 0.363 0.547 2.099 0.147 

Jordan 2 0.557 0.757 0.185 0.912 

Kuwait 2 5.694*** 0.058 2.830 0.243 

Morocco 3 1.682 0.641 12.672* 0.005 

Qatar 1 0.251 0.616 1.872 0.171 

Saudi Arabia 1 0.169 0.681 1.755 0.185 

Sudan 1 3.653 0.056 0.515 0.473 

Tunisia 2 2.009 0.366 2.539 0.281 

Turkey 1 2.053 0.152 0.258 0.611 

Fisher stat.  28.052 0.258 38.398** 0.032 

Note: *, ** and *** represents the significance level of 1%, 5% and 10% respectively. 
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Table 8: The causality relationship between CO2 and POP 
Country Lag CO2↛POP p-value  POP↛CO2 p-value  

Algeria 3 5.126 0.163 9.184** 0.027 

Egypt 3 15.871* 0.001 2.322 0.508 

Iran 3 0.687 0.876 6.710*** 0.082 

Israel 2 5.187*** 0.075 1.622 0.444 

Jordan 3 4.869 0.182 8.319** 0.040 

Kuwait 2 0.049 0.976 0.445 0.801 

Morocco 3 8.957** 0.030 10.502** 0.015 

Qatar 3 0.667 0.881 1.438 0.697 

Saudi Arabia 3 4.147 0.246 7.538*** 0.057 

Sudan 3 0.658 0.883 1.784 0.618 

Tunisia 3 2.456 0.483 5.115 0.164 

Turkey 3 7.692** 0.053 0.216 0.975 

Fisher stat.  43.649* 0.008 41.635** 0.014 

Note: *, ** and *** represents the significance level of 1%, 5% and 10% respectively. 

 

The causality relationship between economic growth and CO2 emissions is presented in 

Table 7. According to the results of causality relationship between cross sections; the hypothesis 

of “economic growth is not the cause of CO2 emissions" was rejected in Iran and Kuwait. 

Therefore, economic growth is the cause of CO2 emissions in these countries. Furthermore, the 

null hypothesis of "CO2 emissions are not the cause of economic growth" was rejected in Egypt 

and Morocco. Thus, CO2 emissions are the cause of economic growth in Egypt and Morocco. 

According to the causality relation in the panel, CO2 emissions are the cause of economic growth. 

The panel causality relationship between CO2 emissions and population density is shown 

in Table 8. In the findings, the hypothesis of “CO2 emissions are not the cause of population 

density" was rejected in Egypt, Israel and Turkey. So, CO2 emissions are the cause of population 

density in Egypt, Israel and Turkey. Also, the null hypothesis of "population density is not the 

cause of CO2 emission" was rejected in Algeria, Iran, Jordan, Morocco and Saudi Arabia. Thus, 

population density is the cause of CO2 emissions in Algeria, Iran, Jordan, Morocco and Saudi 

Arabia. In addition, bidirectional causality relationship between CO2 emissions and population 

density was determined. 

 

 

 
 

Figure 1: Causality Relationship in MENA 
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CONCLUSION AND POLICY IMPLICATIONS 

In this study, the relationship between quality of life, CO2 emissions and economic growth 

of 12 MENA countries (Algeria, Egypt, Iran, Israel, Jordan, Kuwait, Morocco, Qatar, Saudi 

Arabia, Sudan, Tunisia and Turkey) was investigated over the period of 1970–2014. First of all, 

the cross sectional dependencies of variables were examined. The second generation unit root test 

Pesaran (2007) CADF panel unit root test was used due to the cross sectional dependence between 

the variables. Three variables were found to be stationary in I (1). 

The Westerlund and Edgerton (2007) panel cointegration tests were applied to the 

heterogeneous models of cointegration coefficients and the cointegration relationship was 

determined in all three models. The cointegration coefficients were estimated by Eberhardt and 

Bond (2009) AMG cointegration coefficient estimator. According to the findings, CO2 emissions 

negatively affect the quality of life. CO2 emissions and quality of life affect the economic growth 

positively. Moreover, economic growth positively affects the quality of life. 

In the last stage of empirical analysis, the causality relation was investigated by the 

Emirmahmutoglu and Kose (2011) panel causality test. In the findings, a unidirectional causality 

relationship from CO2 emissions to economic growth was determined. The results are also 

supported by several other studies. (Pao and Tsai, 2010; Azlina et al., 2014; Lim et al., 2014). 

Consequently, CO2 emissions have a decisive role in economic growth. Therefore, taking 

measures to reduce CO2 emissions may adversely affect economic growth. When applying 

economic growth policies, attention should be carefully given to ensure that environmental quality 

does not deteriorate human health. 

Empirical analyzes also point to a unidirectional causality relationship from economic 

growth to quality of life. Increasing the quality of life of economic growth is an issue that policy 

makers should pay attention to. The aim should be to increase social welfare by increasing the 

quality of life by means of planned and sustainable growth. In addition, a bidirectional causality 

relationship between CO2 emissions and quality of life was determined. 

The main policy results of the study are as follows. These countries need to better 

implement environmental policies and take measures to reduce CO2 emissions. Situations that 

will negatively affect economic growth should be avoided while reducing CO2 emissions. In this 

way, policies that will support alternative growth should be put into effect. The inclusion of new 

technologies in the system and the awareness of people about environmental pollution are among 

the necessary measures for a cleaner environment. 

In addition, countries need to shift towards alternative energies by reducing the non-

renewable energy consumption, which is one of the most important factors that increase CO2 

emissions. For clean energy, resources and investments should be increased and cleaner 

environmental policies should be applied. With strict CO2 emission policies being implemented, 

the environment will be less polluted, and people will be less affected by health problems. High 

economic growth will further increase environmental pollution. However, it will reduce the 

unemployment problem. Policy makers need to better analyze this opportunity cost. Policy 

makers who have to choose between unemployment or environmental problems should take 

medium and long-term policies and measures to improve the quality of life. 

 

REFERENCES 
AHMAD, N., DU, L., LU, J., WANG, J., LI, H. Z., & Hashmi, M. Z. (2017). Modelling the CO2 emissions 

and economic growth in Croatia: Is there any environmental Kuznets curve?. Energy, 123, 164-172. 

ALI, S., ANWAR, S., & NASREEN, S. (2017). Renewable and Non-Renewable Energy and its Impact on 

Environmental Quality in South Asian Countries. Forman Journal of Economic Studies, 13, 177-194. 



C.Ü. İktisadi ve İdari Bilimler Dergisi, Cilt 20, Sayı 1, 2019 

 

291 

 

ALKHATHLAN, K., & JAVID, M. (2013). Energy consumption, carbon emissions and economic growth 

in Saudi Arabia: An aggregate and disaggregate analysis. Energy Policy, 62, 1525-1532. 

APERGIS, N., PAYNE, J. E., MENYAH, K., & Wolde-RUFAEL, Y. (2010). On the causal dynamics 

between emissions, nuclear energy, renewable energy, and economic growth. Ecological 

Economics, 69(11), 2255-2260. 

ATASOY, B. S. (2017). Testing the environmental Kuznets curve hypothesis across the US: Evidence from 

panel mean group estimators. Renewable and Sustainable Energy Reviews, 77, 731-747. 

AZAM, M. (2016). Does environmental degradation shackle economic growth? A panel data investigation 

on 11 Asian countries. Renewable and Sustainable Energy Reviews, 65, 175-182. 

AZLINA, A. A., LAW, S. H., & MUSTAPHA, N. H. N. (2014). Dynamic linkages among transport energy 

consumption, income and CO2 emission in Malaysia. Energy Policy, 73, 598-606. 

BORHAN, H., AHMED, E. M., & HITAM, M. (2013). Co2, Quality of Life and Economic Growth in 

ASEAN 8. Journal of Asian Behavioural Studies, 3(6), 55-63. 

BREUSCH, T. S., & PAGAN, A. R. (1980). The Lagrange multiplier test and its applications to model 

specification in econometrics. The Review of Economic Studies, 47(1), 239-253. 

CHARFEDDINE, L., & MRABET, Z. (2017). The impact of economic development and social-political 

factors on ecological footprint: A panel data analysis for 15 MENA countries. Renewable and 

Sustainable Energy Reviews, 76, 138-154. 

COWAN, W. N., CHANG, T., INGLESI-LOTZ, R., & Gupta, R. (2014). The nexus of electricity 

consumption, economic growth and CO2 emissions in the BRICS countries. Energy Policy, 66, 359-

368. 

EASTERLIN, R. A., & ANGELESCU, L. (2012). Modern economic growth and quality of life: Cross-

sectional and time series evidence. In Handbook of social indicators and quality of life research (pp. 

113-136). Springer, Dordrecht. 

EBERHARDT, M. &  BOND S. (2009), Cross-section Dependence in Nonstationary Panel Models: A 

Novel Estimator, MPRA (Munich Personal RePEc Archive), Paper No: 17692. https://mpra.ub.uni-

muenchen.de/17692/1/MPRA_paper_17692.pdf (08.11.2018) 

EMIRMAHMUTOGLU, F., & KOSE, N. (2011). Testing for Granger causality in heterogeneous mixed 

panels. Economic Modelling, 28(3), 870-876. 

FISHER, R.A. (1932). Statistical Methods for Research Workers, 4th edition. Oliver and Boyd, Edinburgh. 

GÖVDELİ, T. (2019) Health Expenditure, Economic Growth, and CO2 Emissons: Evidence from the 

OECD Countries. Adıyaman Üniversitesi Sosyal Bilimler Enstitüsü Dergisi, (31), 488-516. 

GRANGER, C. W. (1969). Investigating causal relations by econometric models and cross-spectral 

methods. Econometrica: Journal of the Econometric Society, 424-438. 

GULOGLU, B., & BAYAR, G. (2016). Sectoral exports dynamics of Turkey: Evidence from panel data 

estimators. The Journal of International Trade & Economic Development, 25(7), 959-977. 

HERZER, D. (2016). Unions and Income Inequality: A Heterogeneous Panel Co‐integration and Causality 

Analysis. Labour, 30(3), 318-346. 

JAUNKY, V. C. (2011). The CO2 emissions-income nexus: evidence from rich countries. Energy 

Policy, 39(3), 1228-1240. 

JOHANSEN, S., & JUSELIUS, K. (1990). Maximum likelihood estimation and inference on 

cointegration—with applications to the demand for money. Oxford Bulletin of Economics and 

statistics, 52(2), 169-210. 

KAIS, S., & BEN MBAREK, M. (2017). Dynamic relationship between CO2 emissions, energy 

consumption and economic growth in three North African countries. International Journal of 

Sustainable Energy, 36(9), 840-854. 

KIM, H., WOO, E., & UYSAL, M. (2015). Tourism experience and quality of life among elderly 

tourists. Tourism management, 46, 465-476. 

KOHLER, M. (2013). CO2 emissions, energy consumption, income and foreign trade: A South African 

perspective. Energy Policy, 63, 1042-1050. 

KRUGER, C. J. (2015). Applying the city development index (CDI) to measure the quality of life of the 

local municipalities in the northern Cape between 2001 and 2011 (Doctoral dissertation, 

Stellenbosch: Stellenbosch University). 

LARSSON, R., LYHAGEN, J., & LÖTHGREN, M. (2001). Likelihood‐based cointegration tests in 

heterogeneous panels. The Econometrics Journal, 4(1), 109-142. 



C.Ü. İktisadi ve İdari Bilimler Dergisi, Cilt 20, Sayı 1, 2019 

 

292 

 

LIM, K. M., LIM, S. Y., & YOO, S. H. (2014). Oil consumption, CO2 emission, and economic growth: 

Evidence from the Philippines. Sustainability, 6(2), 967-979. 

LOTFALIPOUR, M. R., FALAHI, M. A., & ASHENA, M. (2010). Economic growth, CO2 emissions, and 

fossil fuels consumption in Iran. Energy, 35(12), 5115-5120. 

MENG, X., & HAN, J. (2018). Roads, economy, population density, and CO2: A city-scaled causality 

analysis. Resources, Conservation and Recycling, 128, 508-515. 

OMRI, A. (2013). CO2 emissions, energy consumption and economic growth nexus in MENA countries: 

Evidence from simultaneous equations models. Energy economics, 40, 657-664. 

PANAYOTOU, T. (1993). Empirical tests and policy analysis of environmental degradation at different 

stages of economic development (No. 992927783402676). International Labour Organization. 

PAO, H. T., & TSAI, C. M. (2010). CO2 emissions, energy consumption and economic growth in BRIC 

countries. Energy policy, 38(12), 7850-7860. 

PESARAN, M. H. (2004). General diagnostic tests for cross section dependence in panels. Cambridge 

Working Papers in Economics no. 435. University of Cambridge 

PESARAN, M. H. (2007). A simple panel unit root test in the presence of cross‐section 

dependence. Journal of applied econometrics, 22(2), 265-312. 

PESARAN, M. H., & YAMAGATA, T. (2008). Testing slope homogeneity in large panels. Journal of 

Econometrics, 142(1), 50-93. 

PESARAN, M. H., Ullah, A., & Yamagata, T. (2008). A bias‐adjusted LM test of error cross‐section 

independence. The Econometrics Journal, 11(1), 105-127. 

RAFINDADI, A. A. (2016). Does the need for economic growth influence energy consumption and CO2 

emissions in Nigeria? Evidence from the innovation accounting test. Renewable and Sustainable 

Energy Reviews, 62, 1209-1225. 

RAFIQ, S., SALIM, R., & NIELSEN, I. (2016). Urbanization, openness, emissions, and energy intensity: 

a study of increasingly urbanized emerging economies. Energy Economics, 56, 20-28. 

RITI, J. S., SONG, D., SHU, Y., & KAMAH, M. (2017). Decoupling CO2 emission and economic growth 

in China: Is there consistency in estimation results in analyzing environmental Kuznets 

curve?. Journal of Cleaner Production, 166, 1448-1461. 

SWAMY, P. A. (1970). Efficient inference in a random coefficient regression model. Econometrica: 

Journal of the Econometric Society, 311-323. 

TANGUAY, G. A., RAJAONSON, J., LEFEBVRE, J. F., & LANOIE, P. (2010). Measuring the 

sustainability of cities: An analysis of the use of local indicators. Ecological Indicators, 10(2), 407-

418. 

TODA, H. Y., & YAMAMOTO, T. (1995). Statistical inference in vector autoregressions with possibly 

integrated processes. Journal of econometrics, 66(1-2), 225-250. 

WESTERLUND, J., & EDGERTON, D. L. (2007). A panel bootstrap cointegration test. Economics 

Letters, 97(3), 185-190. 


