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ABSTRACT 

A real challenge in the 21st century is climate change, which is the high concentration of 

greenhouse gases in the earth's atmosphere caused by increased global temperatures leading to 

warming. The first research conducted with the EKC hypothesis was conducted by Grosman & 

Krueger in 1991, which supported the EKC claim that environmental degradation and economic 

growth are interrelated. The study aimed to examine the influence of GDP variables, renewable 

energy consumption, forest area, and population on greenhouse gas emissions. The variables used 

consist of GDP, renewable energy consumption, forest area, and people with the independent 

variable of greenhouse gas emissions in 6 ASEAN countries. This study uses the Generalized 

Method of Moments panel model. The results show that the EKC hypothesis is not proven because 

GDP has no significant effect on emissions, renewable energy consumption has a significant effect 

on emissions, forest land area has no significant effect on emissions, and population has a 

significant positive effect on emissions in ASEAN countries. 

Keywords: EKC, emissions, renewable energy consumption, population 

 

1. Introduction 

 

Greenhouse gases are increasing in the atmosphere are often associated with humanity's 

development in all fields, from the economic, social, cultural, and technological aspects, which are 

closely related. The earth's climate problem in the last few decades has become an international 

concern. Humans feel the increasing temperature of the planet. Climate change is a challenge of 

the 21st century; increasing global temperatures in the Earth's atmosphere are caused by 

greenhouse gases that contribute to global warming (Prakash, 2022). 

 

 
Figure 1.1 Emission development in ASEAN 
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Figure 1.1 shows Carbon dioxide emissions from fossil fuel combustion and GHG 

(Greenhouse Gas) emissions from Land Use, land use change and forestry (LULUCF) with their 

share of GHG emissions in 2016. The ASEAN region produced more GHG emissions while 

reflecting sizable emissions from forest and cropland at 1,485 MtCO2 and LULUCF at 965 

MtCO2eq (top right, left Figure 9). Indonesia is a large net GHG emitter in terms of deforestation 

and peatland exploitation. Meanwhile, Vietnam produces harmful net GHG emissions from 

LULUCF. Indonesia, Thailand, Malaysia, Vietnam and the Philippines are ASEAN's largest 

emitters of carbon dioxide from fuel combustion. In the future, ASEAN needs to adopt low-carbon 

energy sources in its long-term strategy. This is used to improve energy management and land use 

functions, both forest and agriculture. So that zero emissions can be achieved in the future. 

The level of CO₂ emissions is influenced by economic growth. In general, the relationship 

between CO2 emissions and economic growth can be seen from three perspectives: first, economic 

growth is considered to be the cause of increased CO2 emissions. In other words, when the value 

of economic growth increases, it will increase energy demand, impacting CO2 emissions. Second, 

economic growth and CO2 emissions have a causal relationship. Third, no two-way relationship 

runs between CO₂ emissions and economic growth, which is called the neutralization hypothesis 

(Mardani, et al., 2018). 

Underlying all these issues is global population growth, which adds more than 70 million 

people annually. According to 2019 UN data, 7.8 billion people lived in the world in 2020. By 

2050, the world population is estimated to grow to 9.7 billion, with most of the growth occurring 

in developing countries. Due to continued population growth, economies must produce more 

goods and services to maintain or improve a country's quality of life. Natural resources that need 

to be sought or accumulated will increase production as more goods and services are produced. As 

a result, the supply of natural resources will decrease as they are used, and faster economic growth 

will also affect planning (Suparmoko, 2016). 

Environmental Kuznets Curve (EKC) hypothesis. The first research conducted with the 

EKC hypothesis was by Grosman & Krueger 1991. The result of economic activity can be 

environmental pollution which results in environmental degradation and economic growth. 

Progress is the use of natural resources and the environment. This is in line with research conducted 

by Grossman & Krueger (Darwanto, Woyanti, Santosa, Sasana, & Ghozal, 2019). This study uses 

variables of renewable energy consumption, forest area, population, and economic growth in 6 

ASEAN countries in analyzing the influence on CO2 greenhouse gas emissions. The novelty of 

the study uses the SYS-GMM dynamic panel model, which has not been widely used in research. 

Dynamic panel models are considered to eliminate BIAS when using panel data (Arellano & Bond, 

1991). 

 

2. Literature Review  

Research by Bilgili, Kocak, & Bulut (2015), Stating that renewable energy has a negative 

effect on greenhouse gas emissions. shows that factors related to the use of renewable energy 

negatively influence CO2 emissions. Renewable energy is clean, green, and environmentally 

friendly because it produces far fewer greenhouse gas emissions than fossil fuels or harms CO2 

emissions (Zulaicha, Sasana, & Septiani, 2020). Various negative impacts of environmental 

destruction that damage living things will be reduced using renewable energy. Renewable energy 

consumption is negatively related to CO2 emissions, which means that as renewable energy 

consumption increases, CO2 emissions decrease (Zulaicha, Sasana, & Septiani, 2020).  
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As a result of increasing CO2 greenhouse gas emissions, climate change causes the 

environment to be affected by negative externalities including global warming, rising earth 

temperatures, weather changes, more frequent and more intense storms, and modification of the 

carbon and water cycles (Harris & Roach, 2021). The hypothesis that then develops is that when 

the forest area increases, the level of greenhouse gas emissions or CO2 will decrease. This means 

that there is a negative relationship (Fauzi, 2017). 

Carbon dioxide (CO2) emissions have a long-term positive relationship with population 

growth and mobility. Humans have an essential war to protect the environment because they are 

energy consumers. Therefore, increasing population growth will increase per capita consumption, 

affecting carbon dioxide emissions (Pata, 2018). These results align with research (Aye & Edoja, 

2017), which studied 31 developing countries worldwide and found that increasing population can 

increase energy use, increasing pollution. 

Simon Kuznet originates the Kuznet curve hypothesis, which depicts the inverted U curve 

between per capita income and income inequality. In Grossman's (1991) study, the curve is 

inverted when there are changes in economic growth's scale, composition, and technique.  

Environmental Kuznet Curve (EKC) hypothesis explains the relationship between environmental 

damage indicators and income per capita level explained by this idea (Santi & Sasana, 2020). The 

GDP per capita variable has a positive coefficient value, and the GDP2 per capita squared variable 

has a negative coefficient value, so the EKC hypothesis is true (Nikensari, Destilawati, & 

Nurjanah, 2019). 

 

3. Research Methodology 

 

As independent variables, this study uses quantitative data, including renewable energy 

consumption, forest area, population, and gross domestic product. In contrast, the dependent 

variable of this study is greenhouse gas emissions in ASEAN, which includes Indonesia, the 

Philippines, Malaysia, Singapore, Thailand, and Vietnam from 2011-2020. The research uses the 

System Generalized Method of Moments, a dynamic panel model. Research variables Emissions 

are gases formed through various combustion processes with units of Metric tons, data obtained 

from the International Energy Agency. Renewable energy consumption is the amount of renewable 

energy consumed by the community with units of percent, data obtained from the World Bank. 

Forest area is the total amount of tree cover in the forest with units of percent, data obtained from 

the Worldbank. GDP A measure of the growth of the level of life and income per capita with units 

of percent, data obtained from the World Bank. 

According to Baltagi, a common problem in dynamic panels is the correlation between 

explanatory variables, resulting in biased GLS estimates. This problem can be solved by the GMM 

Arellano and Bond methods which produce more constant parameters. 

Arellano and Bond is a technique that can see the correlation between explanatory variables 
and lagged values. Because the number N is greater than the number T of observations. The 
form Arellano Bond suggests is first diff The estimator in the optimal GMM model of (δ1) 
according to Hansen for N → ∞ and T.  

Blundell Bond's System Generalized Method of Moments (SYS-GMM) estimation method 

estimates the system of equations by combining the first difference moment with the level 

condition moment. The GMM estimator δ is obtained by minimizing the weighted quadratic 

function J(δ) as an equation (Baltagi, 2005) 

𝑦𝑖𝑡  =  𝛿𝑦1,𝑡−1  +  𝛽𝑥′𝑖𝑡 +  𝜇𝑖𝑡 …………………………………………………………(1) 
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Blundell & Bond (1998) attributed the bias and poor precision of the FD-GMM estimator 

to the weak instruments, which are characterized by their parameter concentration. Furthermore, 

Blundell and Bond show that additional mild stationarity restrictions on the initial condition 

process allow the use of the extended SYS-GMM estimator using lag differences of yit. as 

instruments for the equations in levels, in addition to lag levels of yit as instruments for the 

equations in first differences. The SMM estimator is shown to have improved efficiency compared 

to the FD- GMM as δ à  and 
𝜎𝜇

2

𝜎𝑢
2) increases (Baltagi, 2005). 

Equation: 

(Emisi)𝑖𝑡 = 𝛼 + δ (Emisi) 𝑖𝑡-1 + 𝛽1(GDP)𝑖𝑡 + 𝛽2(GDP2)𝑖𝑡 + 𝛽3ln(Consen) 𝑖𝑡 + 𝛽4(Forest) 𝑖𝑡 + 𝛽5ln(Pop) 𝑖𝑡 + 𝜀𝑖t 

 

Description : 

-Emissions: Emission Co2 

   - GDP : Economic Growth 

- Consen: Energy Consumption  

- Forest : Forest Area 

- Pop : Total Population          

Dynamic panel model specification test. Estimation is carried out using the FD-GMM 

method; then, the instrument validity test is carried out using the Sargan test, and the instrument's 

consistency is used using the Arellano Bond test. The Arellano Bond test is used to test the 

consistency of the instrument used and to ensure that there is no correlation in AR(2) with the error 

term. This means that the estimate does not have autocorrelation. Meanwhile, the Sargan test is 

used to identify the variables to be estimated in the valid category. In addition, the Sargan test is 

also used to estimate GMM to ensure the absence of heteroscedasticity or homoscedasticity. 

The expected result does not reject the null hypothesis with a fundamental level of 5% in 

both tests. Thus, a reasonable conclusion can be drawn from the results of the model specification 

(Arellano and Bond 1991; Arellano & Bover 1995; Blundell and Bond 1998; Olayiwola, 

Osabuohien, Okodua, & Ola-David 2015; Adeleye, Osabuohien, & Bowale, 2017). If the test 

results do not obtain unbiased estimators and valid and consistent instruments in the FD-GMM 

method, the SYS-GMM method will be used (Blundell & Bond, 1998). The consistency of the 

SYS-GMM estimator was also Assessed by two specification tests, namely the Sargan test and the 

Arellano Bond test on AR(2). 

4. Results 
Estimation of Dynamic Panel Data Regression Model  

 

At this stage, the dynamic panel data regression model is estimated using the first-difference GMM 

two-step estimator approach and system GMM two-step estimators.  

Table 1. Result of FD-GMM 

Variabel Coefficient Std. Error Z-Statistic Prob. 

L. Emisi 0,49773 0,20320 2,45 0.014 

GDP -15,0462 6,254   -2,41 0.016 

GDP2 1,82776 1.365 1,34 0.181  
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LnConsre -164,451 24,42   -6,73 0.000 

Forest -10,141 41,97 -0,24 0.809   

LnPop 131,5251 323,56 0,41 0.684 

Cons -1804,374 5843,75 -0,31 0,757 

 Source: Stata.14 data processing results 

The table below describes the intercept and slope for each independent variable with the SYS-

GMM approach. 

Table 2. Result of SYS-GMM 

Variabel Coefficient Std. Error Z-Statistic Prob. 

L. Emisi 0,6611851 0,199945 3,31 0,001 

GDP -15,52937 7,921018   -1,96  0,050 

GDP2 2,046053 1,609592 1,27 0,204   

LnConsre -144,0878 33,48461   -4,30 0,000 

Forest 12,04236 17,7892 0,68 0,498   

LnPop 157,9642 50,42488 3,13 0,002 

Cons -2380,53 811,820 -2,93 0,003 

 Source: Stata.14 data processing results 

Dynamic Panel Data Regression Model Specification Test 

The panel data regression model specification test is carried out with the Arellano-Bond 

and Sargan tests. The Arellano-Bond test is conducted to detect the presence of autocorrelation 

between residual components in both FD-GMM and SYSGMM If the value of m or > or Pvalue < 

α, reject. GMM consistency is indicated by a significant value (reject) on m (1), while on m (2), 

GMM consistency is indicated by an insignificant value (fail to reject). Arellano-Bond test results 

on both. The results of the Arellano-Bond test on both models, namely FD-GMM and SYS-GMM, 

are shown in Table 3. 

Table 3. Result from Arellano-Bond FD-GMM dan SYS-GMM  

FD-GMM 

Bond-Test 

SYS-GMM 

Bond-Test 

Z Prob > z Z Prob > z 

-1,6094 0,1075 -1,0206 0,3074 

 Source: Stata.14 data processing results 
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Based on this It can be concluded that the estimation carried out both using the FD-GMM 

and SYS-GMM approaches are consistent, and no autocorrelation occurs. Autocorrelation. The 

following specification test conducted is the Sargan test to determine the validity of instrument 

variables whose number exceeds the estimated parameters.  The decision is rejected if the value of 

the S test statistic > the value of the chi-square table or p-value < α. The results of the Sargan test 

on both models, namely FD-GMM and SYS-GMM are shown in Table 4. 

 

Table 4. Result Sargan FD-GMM dan SYS-GMM  

FD-GMM 

Sargan-Test 

SYS-GMM 

Sargan-Test 

Chi2(2) Prob > 

chi2 

Chi2(2) Prob > chi2 

1,386835 0,4999 1,261049 0,8679 

Source: Stata.14 data processing results 
Table 4 shows the results of the Sargan test on both models, namely the FDGMM and SYS-

GMM approaches. The value of the test statistic on both models is S > chi-square table value. 

Therefore, the decision is to accept both the FD-GMM model and the SYS-GMM model, so the 

conclusion is that the overidentifying restriction condition in the estimation of the model is valid. 

The next test is to determine the criterion of randomness by comparing the FD-GMM and SYS-

GMM dependent lag estimators with the FEM (Fixed Effect Model) model is biased downward, 

and the PLS (Pooled Least Squares) model is biased upward.  Least Squares) the model, which is 

biased upwards. The unbiased lag estimator is in between the FEM and PLS models. A comparison 

of FD-GMM, SYS-GMM estimator with FEM and PLS can be seen in Table 5. 

Table 5. Comparison of Model Estimator 

Variabel CEM FEM REM SUR FD-GMM SYS- GMM 

L. Emisi 1.05428 
(0.000)**
* 

0.0956715 
( 0.734) 

1.05428   
(0.000)*** 

1.05428 
(0.000 )*** 

0.4977331 
(0.014 )*** 

0.6611851 
(  0.001)*** 

GDP -12.19574 
(0.063) 

-17.19248   
(0.036)*** 

-12.19574 
(0.038)*** 

-12.19574 
(0.000)*** 

-15.04624 
(0.016)*** 

-15.52937 
(0.050)** 

GDP2 2.435083 
(0.012) 

1.599472 
(0.282) 

  2.435083 
(0.003 ) 

2.435083 
(0.000 )*** 

1.827764 
(0.181) 

  2.046053 
(0.204) 

Ln Cons Energi -13.39586 
(0.209) 

-238.4753 
(0.014)*** 

-13.39586 
(0.182) 

-13.39586 
(0.183) 

-164.4511 
(0.000)*** 

-144.0878   
(0.000)*** 

Forest  -2.105832 
(0.654 ) 

-44.13379 
(0.237) 

-2.105832 
(0.645) 

-2.105832 
(0.668) 

-10.14123 
(0.809) 

12.04236 
(0.498) 

Ln Pop 16.84215 
(0.289) 

-9.312444 
(0.983) 

16.84215 
(0.266 ) 

16.84215   
(0.161) 

131.5251 
0.684 

157.9642 
(0.002)*** 

Source: Stata.14 data processing results 
From Table 5, it can be seen that the SYS-GMM coefficients are between the FEM and 

PLS models. With Thus, the model that meets the criteria of unbiasedness is the SYS-GMM model. 
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5. Discussion Result Interpretation 

 
(Emisi)𝑖𝑡 = 𝛼 + δ(Emisi) 𝑖𝑡-1 + 𝛽1(GDP)𝑖𝑡 + 𝛽2(GDP2)𝑖𝑡 + 𝛽3ln(Consen) 𝑖𝑡 + 𝛽4(Forest) 𝑖𝑡 + 𝛽5ln(Pop) 𝑖𝑡 + 𝜀𝑖t ………..(1) 

 

(Emisi)𝑖𝑡 = 𝛼 + δ Emisi (0.6611851)𝑖𝑡-1 + 𝛽1GDP (-15.52937) 𝑖𝑡 + 𝛽2GDP2(2.046053)𝑖𝑡 + 𝛽3lnConsen(-144.0878) 𝑖𝑡 + 

𝛽4Forest(12.04236)𝑖𝑡 + 𝛽5lnPop(157.9642)𝑖𝑡 + 𝜀𝑖t  ……………………………………………………………………………(2) 

 

Dimana: 

Emissi (0.6611851)=> When carbon dioxide emissions increase by 1 Metric ton in the previous 

period, it will increase the greenhouse gas emissions in Asian countries by 0.6611851 Metric tons.  

GDP (-15.52937)  => When economic growth increases by 1 percent, it will reduce greenhouse 

gas emissions in Asian countries by 15.5 Metric tons.  

GDP2 (2.046053) => Economic growth, in the long run, has no effect on greenhouse gas emissions 

in Asian countries.  

Consent (-144.0878)=> When renewable energy consumption increases by one percent, it will 

reduce greenhouse gas emissions in Asian countries by 144.0878 Metric tons. 

Forest (12.04236) => When forest land area has no effect on Asian countries' greenhouse gas 

emissions 

Pop (157.9642) => When the population increases by 1 percent, it will increase the greenhouse 

gas emissions of Asian countries by 157,964 Metric tons. 

 

Relationship between Economic Growth Variables (GDPg and GDPg2) and Greenhouse Gas 

Emissions. 

The results showed that economic growth in the short term has a positive and significant 

effect on greenhouse gas emissions variables. Still, it has had no impact on greenhouse gas 

emissions for a long time. So the Kuznets curve theory does not apply to the study. Opoku, 

Amoako, & Amankwa (2014) published the findings of a related study in Ghana, showing that 

there is short-run equilibrium, but EKC is not proven and has no discernible impact. Ali, Khatoon, 

Ather, & Akhtar (2015) conducted a similar study in Pakistan, which showed that there is a short-

run equilibrium but did not support EKC due to the lack of significance of GDP and GDP squared. 

As CO2 greenhouse gas emissions are a type of global pollution that can go up or down and is 

expected to take a very long time, EKC was not shown to be plausible in this study or the six 

countries in the ASEAN region. 

 

The Relationship Between Renewable Energy Consumption Variables And Greenhouse Gas 

Emissions. 

The results show that when renewable energy consumption increases by one percent, it will 

reduce greenhouse gas emissions in Asian countries by 144.0878 Metric tons. The analysis found 

that using renewable energy reduces CO2 emissions. This finding is supported by research by 

Bilgili, Kocak, & Bulut (2015), according to what factors associated with using renewable energy 

harm CO2 emissions. Renewable energy is clean and environmentally friendly because it produces 

far fewer pollutants than fossil fuels, adversely affecting CO2 emissions. Various negative impacts 

of environmental destruction that damage living things will be reduced using renewable energy. 

Renewable energy consumption is negatively related to CO2 emissions, which means that as 

renewable energy consumption increases, CO2 emissions decrease (Zulaicha, Sasana, & Septiani, 

2020). 
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The Relationship Between Forest Variables And Greenhouse Gas Emissions. 

The results show that forest land area has no effect on Asian countries' greenhouse gas emissions 

 

 
Source: World Bank Data (2016-2021) 

Graph.1 Data on Asian Forest Land Area 

 

The area of forest land in the study does not affect greenhouse gas emissions because the 

data used for Singapore's forest land area is 0, affecting the calculation results and causing forest 

land area to have no significant effect in ASEAN. Reducing greenhouse gas emissions depends 

not only on forest land area and other factors such as energy use and consumption patterns. 

 

The Relationship Between Population Variables And Greenhouse Gas Emissions. 

The results show that the population increases by 1 percent, which will increase the 

greenhouse gas emissions of Asian countries by 157,964 Metric tons. Population growth and 

mobility it has a long-term positive relationship with CO2 emissions. Humans have an essential 

war to protect the environment because they are energy consumers. Therefore, increasing 

population growth will increase per capita consumption, affecting carbon dioxide emissions (Pata, 

2018). These results align with the research of Aye & Edoja (2017), which studied 31 developing 

countries worldwide and found that increasing population can increase energy use, increasing 

pollution. 

 

6. Conclusion 

Based on the results of this study, it can be concluded that the SYS-GMM approach is 

better than the FD-GMM approach for modeling greenhouse gas emissions in ASEAN. Variables 

that significantly affect  Suggestions for future research are to conduct Regression IV testing and 

add other variables such as urbanization, fossil energy consumption, and non-fossil energy 

consumption. 
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