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ABSTRACT 

The focus of the empirical analysis in this paper is to investigate the 

orthodox idea of “grow first, clean next” promoted by the Environmental 

Kuznets Curve hypothesis. In this respect, we examined the relation between 

CO2 emissions and economic growth for MIST countries for the period 

spanning from 1971 to 2016. With the help of second-generation panel data 

techniques, we employed the PANICCA unit root test, Durbin-Hausman 

Panel Cointegration test, and used the AMG estimator approach. The results 

strongly support a monotonously increasing relationship between CO2 

emissions and economic growth. For the entire group and individually for 

Indonesia and Turkey, CO2 emissions per capita rise perilously as real 

GDP per capita increases. 

 

1. INTRODUCTION 

Since the beginning of the 1980s, globalization has gained momentum with the effect of 

neoliberalism. Not only the socio-economic consequences of this movement but also the 

environmental consequences have become irrevocable. To put it more clearly, without 

considering any natural boundaries, mainstream economics has promoted economic growth 

by either ignoring limits of nature or regarding nature as an external production source. In this 

context, especially in the last three decades, the focus of some economists inspired by the 

Kuznets Curve analysis of Simon Kuznets has become the effects of economic growth on the 

environment. Kuznets examined the relationship between economic growth and inequality in 

income distribution in 1955. As reported by the prominent paper, in the initial stages of 

growth where pre-industrial society moves to an industrial society, inequality in income 

distribution rises gradually; then, stabilizes for a while; and, after a certain level, the 

inequality declines (Kuznets, 1955: 19). In this respect, on a graph with growth on the 

horizontal axis and income distribution on the vertical axis, this relationship between these 

two variables takes the form of a geometrically inverse U.  
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Especially since the 1990s, some economists who have concerns about environmental 

degradation have been inspired by the Kuznets Curve and they have interpreted it differently. 

As stated in this reinterpretation, in the initial stages of industrialization, economic growth 

boosts environmental pollution until a turning point, and then environmental deterioration 

decreases as economic growth keeps going up. This reflects a bell-shaped relation between 

environmental degradation and economic growth. Since then, the nexus between 

environmental degradation and economic growth has been intensely theoretically and 

empirically examined. Therefore, a new field of study has emerged in the literature: 

Environmental Kuznets Curve (EKC) analysis. The concept and the hypothesis presented by 

Grossman and Krueger (1991), popularized by IBRD (1992) and flourished by significant 

contributors such as Shafik and Bandyopadhyay (1992),  Panayotou (1993), Selden and Song 

(1994), Shafik (1994),  Grossman and Krueger (1995), Holtz-Eakin and Selden (1995), Agras 

and Chapman (1999), Stern (2003), Stern (2004) and, Dinda (2004).  

According to the seminal working paper conducted by Grossman and Krueger (1991), the 

effects of economic growth (via trade and foreign investment liberalization) on the 

environment can be identified as three distinct mechanisms: scale effect, composition effect 

and technique effect. In this context, the scale effect means that with the liberalization of 

trade, the more production is produced in an economy, the more pollution occurs. So, ceteris 

paribus, the scale effect inversely affects the environment. According to the composition 

effect, resources in countries shift to sectors that are heavily benefiting from abundant factors. 

The net impact of pollution depends on the expansion or contraction of pollution-intensive 

activities in the countries. Lastly, the technique effect represents the fact that with 

liberalization in foreign investment, cleaner technology transfers in countries increase, and 

with liberalization in trade, stricter enforcements of pollution abatement increase. So, the 

technique effect has a positive impact (Grossman and Krueger, 1991: 3-5). 

It is also noteworthy to mention that the EKC hypothesis essentially asserts that economic 

growth ultimately does not harm the environment; on the contrary, growth positively affects 

the environment. In other words, the EKC hypothesis promises sustainable development for 

economies. For instance, Beckerman (1992) stated that economic growth is the safest long-

term cure for solving environmental issues (Beckerman, 1992: 491). Similarly, as expressed 

by Dasgupta et al. (2002), an inverted U-shaped relation between environmental pollution and 

economic growth proposes “grow first, then clean up” (Dasgupta et al., 2002: 147).  

Nevertheless, the findings in the literature review mentioned below are contradictory. 

Therefore, inconclusive results create a need for further investigation. Note that most of the 

empirical analysis in the EKC literature ignores the cross-section dependency (CD) across the 

countries. Such omission can cause doubtful results. Thus, in the case of the CD across units, 

thanks to the recent developments in panel data analysis, we can accurately test the nexus 

between carbon dioxide (CO2) emissions and economic growth with appropriate econometric 

tools, and consequently, we can get more accurate results. For this reason, we take the CD 

across the countries into account and used the second-generation panel data approach and 

therefore, we got more reliable results. In this respect, with yearly data spanning from 1971 to 

2016, we investigated the nexus between emissions and growth for Mexico, Indonesia, South 

Korea, and Turkey (MIST). A decade before, Jim O’Neill classified these countries as 

“growth markets”. He stated that these economies are more than 1% of global GDP and also, 

they have the potential to grow more (Financial Times, 2011). For instance, in the last decade, 
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their average GDP growth rates are 3%, 5,45%, 3,35%, and 6,35%, respectively (World 

Bank, 2019).  Therefore, the impact of these rapidly growing economies on the environment 

is an issue to focus on. Moreover, there is a lack of empirical investigation of the existence of 

the EKC for MIST countries, in the literature. That’s why we selected MIST countries.  

Although the EKC hypothesis is extensively studied in the literature, the orthodox idea of 

“grow first, clean next” promoted by the hypothesis is still controversial, especially in 

developing countries. Therefore, whether the EKC hypothesis is the safest long-term way to 

solve environmental problems is still a question. Hence the fact that there is no consensus 

concerning the validity of the EKC in the literature, the omission of the CD across the 

selected countries, and the fact that the EKC for MIST countries has never been investigated 

before stay as gaps in the related literature. In order to fill that gap, we tested the EKC 

hypothesis by applying the second-generation panel data techniques for MIST countries. 

We set the paper apart into four sections. The next section reviews the EKC literature, briefly. 

Then, after the data and methodology are elaborately presented, the results are reported in the 

third section. And the last one summarizes the whole paper. 

2. LITERATURE REVIEW 

Using cross-section analysis, Grossman and Krueger (1991) who first tested the hypothesis 

detected a bell-shaped relationship between urban air pollution (and smoke as indicators) and 

economic growth for different areas in different countries (42 countries for sulfur dioxide 

(SO2) and 19 countries for smoke) in different years (1977, 1982 and 1988). They also 

reported a monotonically decreasing relation between suspended particles and growth for 29 

countries (Grossman and Krueger, 1991). 

Shafik and Bandyopadhyay (1992) explored the nexus using panel data analysis for 149 

countries from 1960 to 1990. According to them, economies with rapid economic growth 

have a detrimental impact on natural resources at first; and then, there is an improvement in 

natural resources as growth gets higher. However, there is an exception here: there is no 

improvement in oxygen in rivers, municipal waste, and, remarkably, carbon emissions. 

Although the EKC hypothesis was reported as valid for particulates and SO2, they accepted 

that there isn't any bell-shaped relation between carbon emissions and economic growth. 

According to their analysis, there aren’t any improvements in carbon emissions per capita as 

income rises; conversely, it is continually worsening since the technological progress has not 

been emission-disincentive as expected (Shafik and Bandyopadhyay, 1992).   

On the other hand, with the help of cross-section data, Panayotou (1993) who created the term 

“Environmental Kuznets Curve” in his working paper, investigated the EKC relation for 

selected countries over the 1980s. Using deforestation, SO2, nitrogenous oxides, and solid 

particulates as dependent variables, he reached an inverted U-shaped relationship. So, the 

results of his analysis support the EKC hypothesis (Panayotou, 1993). Nonetheless, Shafik’s 

(1994) results represented a monotonic positive relation between CO2 emissions per capita 

and GDP per capita for the same data which he used in conducting a paper with 

Bandyopadhyay in 1992 (Shafik, 1994). By contrast, Selden and Song (1994) obtained an 

inverted U-shaped relation. They used different air pollution indicators such as particulates, 

SO2, and oxides of nitrogen for 30 countries for incomplete data from 1973 to 1984 (Selden 

& Song, 1994).  
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Grossman and Krueger (1995), expanded their seminal paper in 1991 by also taking into 

account water pollution and found, again, an inverted U-shaped relation between various 

environmental pollution indicators and per capita GDP for different cities in different 

countries from 1979 to 1990 (Grossman and Krueger, 1995). Conversely, Agras and 

Chapman (1999) used the panel data method in their studies covering 34 countries including 

Mexico, Indonesia, South Korea, and Turkey for data from 1971 to 1989 and could not find 

any confirming results regarding the EKC relationship (Agras and Chapman, 1999). 

The hypothesis hasn’t been examined only in an empirical view. One of the crucial theoretical 

examinations belongs to Stern (2003; 2004). He gave a detailed brief on the developments in 

EKC literature until then and affirmed a monotonically rising relation between growth and 

emissions (Stern, 2003). Providing an effective critique of the EKC hypothesis, Stern (2004) 

concluded his paper by claiming that the empirical evidence of the validity of the EKC is 

weak (Stern, 2004). According to him, there is a monotonous relation between most of the 

environmental degradation indicators and income. Besides, Dinda (2004) also gave a core and 

an essential overview of the EKC literature, its theoretical background and presented 

methodological critique, till then (Dinda, 2004).  

Taking manufacturing emissions as an air pollution indicator, Gallagher (2004) investigated 

the validity of the EKC for Mexico over the period between 1985 and 1999. He aimed to 

analyze the environmental performance of Mexico before and after the North American Free 

Trade Agreement (NAFTA). According to him, income in Mexico increased and the 

environment dramatically deteriorated after NAFTA. Still, he claimed that the EKC 

hypothesis is not wrong even though he couldn’t prove the validity of the curve (Gallagher, 

2004). On the other side, Azomahou et al. (2006) empirically investigated the nexus between 

CO2 emissions per capita and real GDP per capita for data from 1960 to 1996 for 100 

countries including Mexico, Indonesia, South Korea, and Turkey. Using panel techniques, 

they reported a monotonously increasing relation between these variables (Azomahou et al., 

2006). Likewise, Song, Zheng, and Tong (2008) estimated the validity of the EKC curve for 

29 provinces in China for the data spanning from 1985 to 2005 for different pollutants: waste 

gas, wastewater, and solid wastes. Their panel study results showed that an increase in 

economic growth leads to more drastic environmental problems. Besides, they gave attention 

to “irreversible damage”. If a country reaches the point of irreversible environmental damage, 

there is no way to turn back  (Song et al., 2008: 382).  

One of the crucial empirical research was conducted by Akbostancı, Türüt-Aşık, and Tunç 

(2009). They applied two models with two different approaches: time series and panel data. 

According to the time series model which depends on yearly data from 1968 to 2003 for 

Turkey, there is a long-run monotonic relationship between CO2 emissions per capita and 

GDP per capita. Nevertheless, in their panel data model for 58 provinces in Turkey in the 

same period, they reported an N-shaped EKC relation between income and air-polluting 

indicators (particulate matter and SO2). Therefore, according to both two models, the inverted 

U-shaped EKC is not valid (Akbostancı et al., 2009). Similarly, Caviglia-Harris et al. (2009) 

took ecological footprint as an environmental degradation indicator in their analysis which 

includes 146 countries over the years 1961-2000. They didn’t find any results in favour of the 

inverse U-shaped relation (Caviglia-Harris et al., 2009). By contrast, Apergis and Payne 

(2009) obtained supportive results concerning the existence of EKC. They used panel data 

methods with yearly data from 1971 to 2004 for six Central American countries and reached 
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an inverted U-shaped relation between CO2 emissions and real output in the long run (Apergis 

& Payne, 2009). However, by using time series, Choi et al. (2010) estimated the EKC 

hypothesis for South Korea, China, and Japan with yearly data from 1971 to 2006. They 

reached a U-shaped curve for South Korea; an N-shaped curve for China; and an inverted N-

shaped curve for Japan. So, their results are ambiguous (Choi et al., 2010).  

Fodha and Zaghdoud (2010) used time series and cointegration techniques for Tunisia with 

annual data from 1961 to 2004. They found a linear monotonically increasing relation 

between CO2 emissions and GDP (Fodha and Zaghdoud, 2010). On the other hand, Saboori et 

al. (2012) tested the EKC hypothesis for Indonesia over the years 1971 to 2007. Using an 

autoregressive distributed lag approach, they got unsupportive results concerning the 

existence of the EKC such that they reported a U-shaped relationship between emissions and 

growth (Saboori et al., 2012). Apart from that for eight countries including Mexico and South 

Korea, Onafowora and Owoye (2014) examined the relationship between CO2 emissions and 

income for the period between 1970 and 2010. They reported mixed results: an inverted N-

shaped curve for South Korea; a weakly supported inverted U-shaped curve for Japan; and an 

N-shaped curve for the other six countries including Mexico (Onafowora and Owoye, 2014).  

By conducting a panel data technique for five Southeast Asian countries from 1980 to 2008, 

Heidari et al. (2015) had overall consistent outcomes in favour of the existence of the EKC. 

However, they also found that CO2 emissions go up as economic growth in Thailand, 

Indonesia, and the Philippines increases. So, they reported strong evidence for an inverted U-

shaped relation overall although those three countries individually have monotonous 

relationships between growth and emissions (Heidari et al., 2015). Conversely, Sugiawan and 

Managi (2016) investigated the validity of the EKC for Indonesia by using time series. They 

took CO2 emissions as a pollution indicator and used the original model by including energy 

production from renewable resources as another independent variable alongside income. For 

the period between 1971 and 2010, they reached an inverted U-shaped curve (Sugiawan and 

Managi, 2016). 

One of the recent analyses has been done by Bakirtas and Cetin (2017). Over the years 

between 1982 and 2011, they estimated the EKC hypothesis for Mexico, Indonesia, South 

Korea, Turkey, and Australia (MIKTA). With the help of panel data, they found that the 

hypothesis is not valid for the MIKTA countries. They didn’t report any individual 

performance  (Bakirtas and Cetin, 2017). Likewise, by using the panel cointegration 

approach, Zoundi (2017) had unsupportive results concerning the validity of the EKC in his 

analysis which covers 25 African countries for data from 1980 to 2012 (Zoundi, 2017). On 

the other hand, Özokcu and Özdemir (2017) examined the nexus with the help of panel data 

for the period between 1980-2010. In their analysis, they selected two different groups of 

countries: 26 high-income OECD countries and 52 emerging market countries. According to 

their results, there is an inverted N-shaped relationship between CO2 emissions and GDP for 

high-income countries and an N-shaped relationship between the same variables for emerging 

countries (Özokcu and Özdemir, 2017). In addition, Destek and Sarkodie (2019) used 

ecological footprint as an environmental degradation indicator to test the EKC hypothesis for 

11 countries including Mexico, South Korea, and Turkey with yearly data from 1977 to 2013. 

In the context of the EKC, they found an inverted U-shaped curve for four countries including 

Mexico; and a U-shaped curve for five countries including South Korea and Turkey (Destek 

and Sarkodie, 2019).   
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To put it in a nutshell, there is not any consensus in the literature, but contradictory and 

conflicting results. The findings differ regarding the time period, countries, different pollution 

indicators, econometric methods, etc.  

3. EMPIRICAL ANALYSIS: DATA, MODEL, METHODOLOGY, AND 

RESULTS 

3.1. Data and Model 

First, due to providing more degrees of freedom, we believed that panel data gives more 

efficient results and evidence. Therefore, we expanded the time series analysis of the standard 

form of EKC models used by Shafik and Bandyopadhyay (1992) with a time period. 

Moreover, in this paper, we used CO2 emissions as the dependent variable since as being a 

primary greenhouse gas, CO2 emissions are responsible for a wider scope of the impact 

caused by economic activities. For economic growth, we took real GDP per capita as in 

various studies in the literature. Thus, we tested the model as follows:  

LCO2it= β0 + β1LGDPit  + β2LGDPit
2 + β3LGDPit

3   + νit                                                           (1) 

where LCO2 is the natural logarithm of CO2 emissions tons per capita; LGDP is the natural 

logarithm of real GDP per capita in constant 2011 US dollars, (LGDP2 and LGDP3 are 

LGDP’s quadratic and cubic forms, respectively); β1, β2, and β3 represent the long-run 

elasticities of LCO2 with respect to LGDP, LGDP2, and LGDP3, correspondingly; νit 

represents error terms. The dependent variable CO2 per capita was derived from OECD 

(2019). Furthermore, real GDP and population (in persons, annually) were obtained from 

Fred (2019) and then, real GDP was transformed into real GDP per capita for all countries. 

And finally, to prevent the skewness and kurtosis of the data, per capita values of both CO2 

and real GDP were converted to the natural logarithm.  

Due to data availability, we used annual data from 1971 to 2016 for four countries, namely, 

Mexico, Indonesia, South Korea, and Turkey. So, n=1, 2, ...4 and t=1, 2, …46. Note that as 

stated in the EKC hypothesis, for an inverted U-shaped curve, β1 is anticipated to be higher 

than zero while β2 is expected to be lower than zero (in the case of an N-shaped curve, β3 is 

expected to be higher than zero).  

3.2. Econometric Methodology  

The omission of the econometric essentials such as CD and slope homogeneity alter the 

results as a matter of course and this is one reason why the findings in the literature are 

contradictory and different. Therefore, we first applied the preliminary tests. 

3.2.1. Cross-Sectional Dependence Test 

According to Baltagi (2005), the ignorance of the CD may cause deceptive results (Baltagi, 

2005: 8). Therefore, before conducting a panel unit root test, to prevent biased results, the 

testing CD is crucial. In the panel data literature, we see four types of CD tests: (i) Breusch 

and Pagan's (1980) Lagrange multiplier (LM) test which is favourable when T is sufficiently 

larger than N; (ii) Pesaran's (2004) CDLM test which is proposed for a case when N is 

sufficiently larger than T; (iii) Pesaran (2004) CD test which is developed for both N and T 

are large; and (iv) Pesaran, Ullah,  and Yamagata's (2008) LM adjusted test which is also 

favourable so long as T ≥ N. Since N is 4 and T is 46 in this paper, for our case, (i) and (iv) 
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are best suitable, namely, LM and LM adjusted tests. These statistic tests can be summarized 

as follows: 

 Breusch and Pagan’s (1980) statistic uses the LM principle. Since this test is 

introduced more simply by Pesaran (2004: 4), we used Pesaran’s expression (which is 

identical to Breusch and Pagan’s statistic). Under the null hypothesis of cross-sectional 

independence, the test is expressed as: 

 

                         𝐿𝑀 = 𝑇 ∑ ∑ ρ̂𝑖𝑗
2𝑁

𝑗=𝑖+1
𝑁−1
𝑖=1             ~ 𝜒 2(𝑁(𝑁 − 1)/2)                                     (2) 

where N, T and ρ̂2
ij represent the number of cross-sections, time period, and the sample 

estimate of the pair-wise correlation of the residuals, respectively. 

 Pesaran et al., (2008) developed a biased-adjusted LM statistic test which is 

consistent even though Pesaran’s (2004) test is weak (Pesaran et al., 2008: 108). Under the 

null hypothesis of cross-sectional independence, the statistic is shown as: 

                     𝐿𝑀𝑎𝑑𝑗 =   √
2

𝑁(𝑁−1)
 ∑ ∑

(𝑇−𝑘)�̂�𝑖𝑗   
2 −𝜇𝑇𝑖𝑗

𝜈𝑇𝑖𝑗

𝑁
𝑗=𝑖+1

𝑁−1
𝑖=1         ~𝑁(0,1)                            (3) 

To prevent biased results, our first step was to test CD. 

3.2.2. Homogeneity Test 

Testing slope homogeneity is the other crucial part of the preliminary analysis. In this paper, 

we used slope homogeneity tests established and presented by Pesaran and Yamagata (2008). 

The first one is the delta (Δ )̃ test is well-founded when (N, T)  ∞. Under the null 

hypothesis of homogeneity, Δ ̃ is represented as (Pesaran & Yamagata, 2008):  

                                        Δ̃ = √𝑁 (
𝑁−1 �̃�−𝑘

√2𝑘
)     ~𝑁(0,1)                                                         (4) 

where �̃� represents the older and dispersion version of the slope test. The other slope 

homogeneity test is the delta adjusted (Δ ̃adj) test. This test is suitable for numerous 

combinations of N and T. It is shown as: 

                                            Δ ãdj = √
𝑁 (𝑇+1)

𝑇−𝑘−1
 (

𝑁−1 �̃�−𝑘

√2𝑘
)                                                             (5) 

3.2.3. Unit root Analysis 

Considering the existence of CD, we believed that continuing the analysis with first-

generation panel unit root tests is a mistake. To reach unbiased results, with the help of some 

developments in panel data analysis, we applied the second-generation panel unit root test 

“PANICCA” which allows CD and slope homogeneity and also supports asymptotic 

distributions.  

According to Reese and Westerlund (2016), to overcome the effects of CD, adopting the 

cross-section average (CA) approach is quite an advantageous way although it can be 

employed with non-standard asymptotic distributions. At that point, rather than taking the 

principal component analysis performed in the original PANIC approach of Bai and Ng 

(2004, 2010), they develop the PANIC approach based on CA which stands asymptotically: 

PANICCA (Reese and Westerlund, 2016). And their test statistics are defined as follows: 



IŞIK 

3206 

 

 

 

                                                   𝑃𝑎,0 =
√𝑁𝑇(�̂�0  

+ −1)

√2�̂�𝜖
4 �̂�𝜖

4⁄

   ~𝑁(0,1)                                                 (6) 

𝑃𝑎,1 =
√𝑁𝑇(�̂�1  

+ − 1)

√36 �̂�𝜖
4�̂�𝜖

4 5�̂�𝜖
8⁄

    

                                     𝑃𝑏,0 =
√𝑁𝑇(�̂�0  

+ −1)

√�̂�𝜖
4 [�̂�𝜖

2⁄ 𝑁−1𝑇−2 ∑ (�̂�𝑖,−1
0 )′�̂�𝑖,−1

0 ]𝑁
𝑖=1

  ~𝑁(0,1)                                  (7) 

𝑃𝑏,1 =
√𝑁𝑇(�̂�1  

+ − 1)

√6�̂�𝜖
4�̂�𝜖

4 [5�̂�𝜖
6⁄ 𝑁−1𝑇−2 ∑ (�̂�𝑖,−1

1 )′�̂�𝑖,−1
1 ]𝑁

𝑖=1

 

                                   𝑃𝑀𝑆𝐵0 =
√𝑁[𝑁−1𝑇−2 ∑ (�̂�𝑖,−1

0 )′�̂�𝑖,−1
0𝑁

𝑖=1 −�̂�𝜖
2/2]

√�̂�𝜖
4 3⁄

    ~𝑁(0,1)                           (8) 

𝑃𝑀𝑆𝐵1 =
√𝑁[𝑁−1𝑇−2 ∑ (�̂�𝑖,−1

1 )′�̂�𝑖,−1
1𝑁

𝑖=1 − �̂�𝜖
2/6]

√�̂�𝜖
4 45⁄

 

where �̂�𝜖
2 and �̂�𝜖

2�̂�𝜖
4 represent CA of �̂�𝜖,𝑖

2  and �̂�𝜖,𝑖
2 �̂�𝜖,𝑖

4 , respectively.  

3.2.4. Cointegration 

Most of the second-generation panel cointegration tests assume cross-sectional independence 

across the units. However, a notable feature of the Durbin-Hausman (DH) tests developed by 

Westerlund (2008) is that they allow the CD across the units. They depend on the DH 

principle. By assuming that common factors are stationary, the tests require only one 

condition: the dependent variable must be nonstationary. Assuming the null hypothesis states 

there is no cointegration for panel data, the DH test statistics are shown as (Westerlund, 

2008): 

                                          𝐷𝐻𝑔 =  ∑ �̂�𝑖  (�̃�𝑖 −  �̂�𝑖)2𝑛
𝑖=1  ∑ �̂�𝑖𝑡−1

2𝑇
𝑡=2                                          (9) 

                                            𝐷𝐻𝑝 =  �̂�𝑛 (�̃� − �̂�)2 ∑ ∑ �̂�𝑖𝑡−1
2𝑇

𝑡=2
𝑛
𝑖=1                                         (10) 

where DHg and DHp represent the group mean statistic and the panel statistic, 

correspondingly. DHg is taken into account when a model is heterogeneous. On the contrary, 

DHp is allowed for the existence of homogeneity in a model. Also, the null hypotheses of both 

tests are no cointegration. 

 

3.2.5. Augmented Mean Group Estimator 

To estimate the long-run parameters in the cointegration relation, we used the Augmented 

Mean Group (AMG) estimator established by Eberhardt and Bond (2009). The AMG 

estimator takes into consideration of CD and parameter heterogeneity. It is a suitable choice 

for the existence of CD in macro panels and the heterogeneity of the model (Eberhardt and 

Bond, 2009: 11).  
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3.3. Results 

Table 1. Preliminary Tests Results 

Test LCO2 LGDP LGDP 2 LGDP 3 Model 

LM 
32.069***  

[0.000] 

38.737*** 

[0.000] 

33.804*** 

[0.000] 

34.604*** 

[0.000] 

34.766*** 

[0.000] 

LMadj 
55.618***     

[0.000] 

35.875*** 

[0.000] 

38.425*** 

[0.000] 

40.851*** 

[0.000] 

6.438 *** 

[0.000] 

Δ̃ 
-0.551 

[0.709] 

-1.261 

[0.896] 

-1.248 

[0.894] 

-1.175 

[0.880] 

11.904***                     

[0.000] 

      Δ̃𝑎𝑑𝑗 
-0.570 

[0.716] 

-1.304 

[0.904] 

-1.290 

[0.902] 

-1.215 

[0.888] 

12.458***               

[0.000] 

Note: *** represents the statistics are significant at the 1% level. Lag length is taken by 3, and constant 

and trend. P-values are in square brackets.  

Source: Authors’ estimations 

According to the results illustrated in Table 1, CD across MIST countries significantly exists, 

which means they are cross-sectionally dependent. So, there is a strong dependence across 

MIST countries. In other words, if any environmental and/or economic decisions taken by, or 

any shocks experienced by one of the MIST countries affect others. Thus, we followed with 

second-generation panel unit root tests. Also, as reported in the same table, we failed to reject 

the null hypothesis of parameter homogeneity. So, parameters are homogenous. However, for 

the model, the slope homogeneity test rejects the null hypothesis at a 1% level of significance. 

Therefore, our model is heterogeneous. That information is required for deciding which test 

statistic has to be taken into account when investigating the existence of cointegration 

between variables.  

Table 2. Second Generation Panel Unit Root Test: PANICCA Results 

PANICCA LCO2 LGDP LGDP2 LGDP3 

Level     

Constant Pa:        0.082 

            [0.533] 

Pb:        0.087 

           [0.535] 

PMSB: 0.241 

           [0.595] 

Pa:       1.187    

           [0.882] 

Pb:       1.751 

           [0.960] 

PMSB: 2.629 

           [0.996] 

Pa:       1.232 

           [0.891] 

Pb:       1.856 

           [0.968] 

PMSB: 2.843 

            [0.998] 

Pa:       1.121 

           [0.869] 

Pb:       1.606 

           [0.946] 

PMSB: 2.353 

           [0.991] 

Constant&Trend Pa:       0.082 

           [0.533] 

Pb:       0.087 

           [0.535] 

PMSB: 0.241 

           [0.595] 

Pa:       1.187    

           [0.882] 

Pb:       1.751 

           [0.960] 

PMSB: 2.629 

            [0.996] 

Pa:        1.232 

            [0.891] 

Pb:        1.856 

            [0.968] 

PMSB:  2.843 

             [0.998] 

Pa:       1.121 

           [0.869] 

Pb:       1.606 

           [0.946] 

PMSB: 2.353 

            [0.991] 

First Difference     

Constant Pa:    -24.891***  Pa:    -18.160*** Pa:    -18.013*** Pa:    -17.912*** 
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           [0.000]         

Pb:      -9.423***   

            [0.000] 

PMSB:-1.930** 

            [0.027] 

           [0.000] 

Pb:      -

7.329*** 

           [0.000] 

PMSB:-1.883** 

            [0.030] 

           [0.000] 

Pb:      -

7.351*** 

            [0.000] 

PMSB:-1.880** 

             [0.030] 

           [0.000] 

Pb:      -7.397*** 

            [0.000] 

PMSB:-1.876** 

            [0.030] 

Constant&Trend Pa:     -24.891***  

            [0.000]         

Pb:       -9.423***   

            [0.000] 

PMSB:-1.930** 

            [0.027] 

Pa:    -18.160*** 

           [0.000] 

Pb:      -

7.329*** 

           [0.000] 

PMSB:-1.883** 

            [0.030] 

Pa:    -18.013*** 

           [0.000] 

Pb:      -

7.351*** 

            [0.000] 

PMSB:-1.880** 

            [0.030] 

Pa:     -17.912*** 

            [0.000] 

Pb:       -7.397*** 

             [0.000] 

PMSB:-1.876** 

            [0.030] 

Note: *** and ** denote the statistics are significant at the 1% and 5% levels of significance, 

correspondingly. The maximum lag length was preferred to be 3. We chose the Schwarz Information 

Criteria. P-values are in square brackets. 

Source: Authors’ estimations 

As can be seen in Table 2, our variables LCO2, LGDP, LGDP2, and LGDP3 are nonstationary 

in their level (especially when it is included intercept and trend in the test equation). 

Moreover, all variables are stationary at their first difference, i.e., they are integrated at their 

first order: I~ (1). So, we can proceed to estimate a cointegration relation between variables. 

Since the dependent variable is nonstationary at its level and there is the CD across units, the 

results provide the necessary condition to test the second-generation panel cointegration test: 

the DH Panel Cointegration Test.  

Table 3. DH Panel Cointegration Test Results 

Model Panel DH Cointegration Test 

LCO2it= β0 + β1LGDP it + β2LGDP2
 it + β3LGDP3

 it + νit                                                                               DH-group:  -1.652** 

                 [0,049] 

              DH-panel:  -1.593 

                [0.056] 

Note: ** shows that statistics are significant at the 5% level of significance. Bayesian information 

criterion (BIC) was preferred. P-values are in square brackets. 

Source: Authors’ estimations 

Since our models are heterogeneous, DHg test results should be taken into consideration. 

Therefore, according to the results reported in Table 4, for the model without trend, variables 

are cointegrated. This means we detected a cointegration relation at the 5% level of 

significance. As a result, there is a long-run relationship between CO2 emissions and 

economic growth as expected.  

Table 4. Long-Term Parameter Estimations: The AMG Estimator Results 

 Panel Mexico Indonesia South Korea Turkey 

LGDP 11.051 

    [0.071]* 

1.919 

[0.983] 

      21.202 

      [0.001]*** 

1.684 

[0.191] 

19.423 

    [0.053]* 

LGP2  2.484 

     [0.028]** 

1.384 

[0.947] 

3.768 

      [0.002]*** 

0.286 

[0.318] 

  4.464 

    [0.054]* 

LGDP3 0.202 

    [0.013]** 

0.193 

[0.903] 

0.226 

      [0.002]*** 

0.022 

[0.272] 

  0.352 

      [0.047]** 
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_cons       18.146 

 [0.098]* 

-0.956 

[0.994] 

      39.058 

      [0.001]*** 

5.108 

      [0.006]*** 

29.623 

      [0.040]** 

Wald Chi2       14.29 

      [0.0025]*** 

    

Note: ***, ** and * denote the statistics are significant at the 1%, 5% and 10% levels of significance, 

correspondingly. Square brackets denote the P-values. 

Source: Authors’ estimations 

According to the panel the AMG estimator results demonstrated in Table 5, all the 

coefficients are significant and positive. Also, the panel as a whole is significant at a 1% level 

of significance. Since all variables were converted to the natural logarithm, the coefficients 

can be taken as the long-run elasticities. As a result, for MIST countries, a 1% increase in real 

GDP per capita (in squared real GDP per capita and quadratic real GDP per capita) leads to 

approximately 11% (2.48% and 0.2%, respectively) increase in CO2 emissions. On the other 

hand, individually, test results are also significant and positive for both Indonesia and Turkey. 

For Indonesia, a 1% increase in real GDP per capita (in squared real GDP per capita and 

quadratic real GDP per capita) causes approximately 21% (3.76% and 0.22%, respectively) 

increase in CO2 emissions. Similarly, for Turkey, a 1% increase in real GDP per capita (in 

squared real GDP per capita and quadratic real GDP per capita) leads to approximately 19% 

(4.46% and 0.35%, respectively) increase in CO2 emissions. As a result, an increase in 

economic growth in Indonesia and Turkey causes more emissions. Note that the EKC 

hypothesis expects β1 <0, β2>0, and β3=0 meaning an inverted U-shaped curve. However, we 

found a monotonically positive relationship between CO2 emission and economic growth for 

MIST countries as a whole panel group and for individually, Indonesia, and Turkey. So the 

results mean that CO2 emission per capita worsens perilously as real GDP per capita increases 

for these countries. 

Therefore, the results presented here directly contradict: (i) the validity of the inverted U-

shaped EKC supported by Apergis and Payne (2009) (for six Central American countries), 

Heidari et al. (2015) (for Indonesia), Sugiawan and Managi (2016) (for Indonesia), Destek 

and Sarkodie (2019) (for 11 countries including Mexico, South Korea, and Turkey); (ii) the 

validity of the U-shaped EKC detected by Choi et al. (2010) (for South Korea) and Saboori et 

al. (2012) (for Indonesia); (iii) the validity of the N-shaped EKC reached by Onafowora and 

Owoye (2014) (for Mexico), Özokçu and Özdemir (2017) (for 52 emerging countries); (iv) 

the validity of the inverted N-shaped EKC found by Onafowora and Owoye (2014) (for South 

Korea), Özokçu and Özdemir (2017) (for 26 high-income countries). In addition, our analysis 

also disproves the analysis done by Gallagher (2004) (for Mexico) who could neither prove 

nor deny the validity of the inverted U-shaped EKC. On the contrary, our results significantly 

confirm the monotonous relationship between CO2 emissions and economic growth supported 

also by Shafik and Bandyopadhyay (1992) (for 149 countries), Shafik (1994) (for 149 

countries), Azomahou et al. (2006) (for 100 countries including Mexico, Indonesia, South 

Korea, and Turkey), Akbostancı et al. (2009) (for Turkey) and Fodha and Zaghdoud (2010) 

(for Tunisia).  

4. CONCLUSION  

The fact that MIST countries have rapidly growing economies draws attention to investigate 

their effects on the environment. Therefore, by using data from 1971 to 2016, we examined 

the link between CO2 emissions whose impact range is a global scale and real GDP per capita 
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for MIST countries. Note that our data is cross-sectionally dependent. Although most of the 

studies ignored the CD across the countries, we took the CD into consideration. Therefore, we 

continued the analysis accordingly. The core contribution of this paper is taking the CD into 

account. Then, we used the second-generation unit root test, PANICCA, and according to the 

results, our variables are first integrated of order. Then, we applied the second-generation DH 

panel cointegration test. After detecting a long-term relation, we estimated the long-term 

parameters by using the AMG estimator approach. We found a monotonous relationship 

between CO2 and income for MIST countries, for the whole group and for Indonesia and 

Turkey, individually which is not surprising since Indonesia and Turkey have the highest 

growth rates in the group. According to the panel results, a 1% increase in real GDP per 

capita leads to an approximately 11% increase in CO2 emissions. In addition, according to the 

unit's results, for Indonesia, a 1% increase in real GDP per capita causes an approximately 

21% increase in CO2 emissions; and for Turkey, a 1% increase in real GDP per capita also 

leads to an approximately 19% increase in CO2 emissions.  Thus, for MIST countries, 

economic growth cannot be the safest long-term way to solve environmental problems.  

Apparently, in MIST countries, the scale effect is dominant since the monotonous relation 

means that the more economic activities, the more economic growth, and the more increase in 

CO2 emissions.  In addition to that, there might be no radical change and/or environmentally 

friendly developments in technology (if any, it is not sufficient). In other words, the technique 

effect in these countries is insufficient. It is clear that economies grow with environmental 

problems, especially in Indonesia and Turkey. These countries focus on evidently economic 

growth instead of environmental quality. Since it is obvious that environmental quality is far 

from being a priority concern for these countries. Therefore, “grow first, clean next” does not 

work for these countries. It is also noteworthy that there is a risk of reaching the point of 

irreversible damage as Song et al. (2008) claimed for MIST countries. This leads us to 

suggest that the governments of MIST countries should change their actions and attitudes 

concerning a more environmentally friendly point of view. Moreover, they should make 

radical changes in technologies by concentrating on building renewable energy sources if 

they want to have sustainable economic growth; otherwise, they will suffer from crucial 

environmental problems.  

To sum up, although the EKC hypothesis substantially and unremorsefully asserts that 

economic growth can reduce environmental pollution, our results showed that CO2 emission 

per capita worsens perilously as real GDP per capita increases. This is perilous since the 

increase in CO2 emissions not only has adverse effects locally but also incites global climate 

change. Therefore, especially for rapidly growing economies like MIST countries, the 

findings here suggest that economic growth cannot be a solution for environmental quality. 

On the contrary, in the light of the empirical findings obtained in this study, it can be asserted 

that economic growth itself is the main reason for environmental degradation. If the 

policymakers in MIST countries are willing to have a sustainable environment and protect 

environmental quality in the long term, they should consider the negative effects of economic 

growth on the environment and make policies accordingly. Otherwise, irreversible 

dimensions may be reached due to increased emissions and reduced environmental quality. 

For that reason, the results raise the importance of the need for environmental-friendly 

policies before the irreversible damage point is reached. Despite the planet facing global 

climate change today, the consequences of continuing to grow can be frightening. In a 
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nutshell, our analysis refutes the orthodox idea of “grow first, clean next” promoted by the 

EKC hypothesis. So, the EKC hypothesis stays as a myth for MIST countries.  
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