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Abstract 

 

This paper examines the long-run relationship between carbon dioxide 

(CO2) emission, real gross domestic product (RGDP), and energy used using a 

time series data for ASEAN-3 countries (Indonesia, Philippines, and Singapore) 

over the period of 1974-2009. Autoregressive Distributed Lag Model (ARDL) and 

bound testing approach are used in this study to examine the cointegration 

relationship. A cointegration relationship exists in all the countries studied. Also, 

energy used is identified to be a significant variable in determining the carbon 

dioxide emission. Besides, the square of RGDP is included to identify the 

existence of Environmental Kuznets Curve (EKC). This study does not support 

the EKC hypothesis for ASEAN-3 countries. Moreover, lagged error correction 

terms (ECTs) are measured to be significant and negative. In other words, the 

short-run has been adjusted back to long-run equilibrium. Overall, in order to 

reduce carbon dioxide emission and to increase energy efficiency and at the same 

time augmenting energy conservation policies to abate unnecessary energy 

wastage are necessary. Some recommendations are also suggested in this study for 

future researches. 
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CHAPTER 1: RESEARCH OVERVIEW 

 

 

1.0 Introduction 

 

Civilization and advancement is mankind’s continuous pursuit. Through 

years of civilization, the world has come a long way to the development human 

being enjoy today, be it culturally, politically or economically. Economic growth 

is possibly one of the most widely used yardsticks to measure the status and 

wellbeing of any nation. Unfortunately, to achieve the comfort and luxuries 

mankind savour today, it seems almost inevitable that economic growth comes 

with a price of destruction on Earth’s environment. Human activities had led to 

various environmental problems and pollution, notably global warming.  

 

The relationship between economic development and environmental 

quality has always been an area of interest of researchers, even more now with the 

world moving towards sustainable growth. Economic growth plays an important 

role in determining environmental quality (Copeland & Taylor, 2004; Dasgupta, 

Hamilton, Pandey & Wheeler, 2006; Stern, 2004). Besides, energy used is also 

important in determining environmental quality as Arouri, Youssef, M’henni, and 

Rault (2012) suggested that there is a relationship between energy consumption 

and Carbon Dioxide (CO2 hereafter) emission. Panayotou (2003), Selden and 

Song (1994), and Stern (2004) suggested that the relationship between certain 

types of Environmental Pressure (EP hereafter) and economic growth follow the 

Environmental Kuznets Curve (EKC hereafter) upon their research using different 

types of pollutants. Besides, increasing or decreasing relationship between 

environmental quality and economic growth is found in de Bruyn, van den Bergh, 

and Opschoor (1998). Through this study, it was found that most of the past 

researches done were on developed countries or better known as Organization for 

Economic Co-operation and Development (OECD hereafter) (de Bruyn et al., 

1998; Grossman & Krueger, 1995; Kee, Ma & Mani, 2010; Panayotou, 2003; 
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Tsurumi & Managi, 2010), while very minimal attention has been paid to the 

Asian countries and developing nations such as Malaysia, Thailand, Philippines 

and Indonesia.  

 

CO2 emission is one of the many environmental indicators used in such 

research. Over the years, the level of CO2 emission in the atmosphere has 

substantially increased and quickly became a main contributing reason to the 

global warming phenomena. Excessive CO2 emission level in the atmosphere is 

the main cause of global warming (Florides & Christodoulides, 2009; Vlek, 

Rodriguez-kuhl & Sommer, 2004). According to Intergovernmental Panel Climate 

Change of the United Nations (IPCC), greenhouse effect is mainly caused by CO2 

emission where this phenomenon of increased in temperature is resulted from the 

absorption of outgoing infrared radiation by water vapour, CO2, methane, and 

other atmospheric gases. The consequences of continuous increase in temperature 

on Earth may get even more detrimental beyond expectations, because the 

increase in global temperature will lead to a rising in sea level and the amount and 

pattern of precipitation will magnify the chance of extreme weather events, 

changes in agricultural yields, species extinctions, and even more (Florides & 

Christodoulides, 2009).  

 

The relationship between economic growth and environmental quality is 

appeared as inverted U-curve which is similar to the pattern between economic 

growth and income inequalities which is found by Kuznets (1955). This 

hypothesis when apply in the study of relationship between economic growth and 

environmental quality is known as the EKC. EKC hypothesized that in the early 

stage of economic development, environmental degradation increases as the 

economy develop, and however, it will decrease when a certain level of national 

income is achieved. Over the years, researchers found that EKC can be depicted in 

four curves which are the monotonic curve and non-monotonic curve. Under 

monotonic curve, increasing trend may appear in the relationship between 

increasing pollution and rising income (Figure 1.0 a) or decreasing trend showing 
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decreasing pollution with rising income (Figure 1.0 b). For non-monotonic curve, 

relationship between pollution and income may appear in inverted-U and N-

shaped curve (Figure 1.0 c & d). When longer time horizons are taken into 

account, more complex patterns of curve may present. In short, the patterns rely 

on the types of pollutants and the model that have been used for estimation (de 

Bruyn et al., 1998).  

 

Figure 1.0: Various Relationships between EP and Income Per Capita 

 

 

Source: S.M. de Bruyn et al (1998). 
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This study seeks to examine the long-run relationship between Real Gross 

Domestic Product (RGDP hereafter), energy used and CO2 emission in 3 selected 

Association of Southeast Asia Nations (ASEAN-3 hereafter) countries which 

include Indonesia, Philippines and Singapore. 

 

 

1.1 Research Background 

 

The Association of Southeast Asia Nations (ASEAN hereafter) consists of 

10 countries from Southeast Asia jointly established with the purpose to prosper, 

to promote economic growth, social progress, and cultural development in the 

region. Rapid economic growth in ASEAN increase energy consumption which 

subsequently increase various emissions from power generation plants, cement 

factories, oil refineries, agricultural-based industry, chemical plants, and wood-

based industries (Lean & Smyth, 2010).  According to Karki, Mann, and Salehfar 

(2005), fossil fuel resources (coal, oil, and gas) fulfill about 90 percent of the total 

commercial primary energy requirement of ASEAN. The combustion of fossil 

fuels and biomass in transport, industry, agriculture, and households releases huge 

amounts of environmental pollutants. Thus, CO2 emission in the region is 

increasing; although, comparatively lower than industrialized countries like the 

United States (Karki et al., 2005).  

 

The reasons of study ASEAN-3 countries in this study are due to the 

highest economy growth in the world over the last three decade and regarded as 

the most influential ASEAN members (Lean & Smyth, 2010). Indonesia is the 

largest archipelagic state in the world with very high rate of urbanization which 

ranked fourth in the world as most populated country. Urbanization and 

industrialization is the important determinants of CO2 emission, economic growth, 

and energy used. Meanwhile, Singapore has the highest income level among all 

ASEAN countries. Economic growth is one of the variables used in this study 

paper to determine CO2 emission thus it is crucial to examine whether high 
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income level will exhibit high CO2 emission. Philippines has experienced more 

frequent flooding that cause the agriculture in the country damage (Chen & Li, 

2007, as cited in Lean & Smyth, 2010). Flooding is one of the consequences of 

greenhouse effect (Florides & Christodoulides, 2009) therefore it is necessary to 

include Philippines and at the same time the countermeasure of reducing the 

consequences of greenhouse effect can be taken in the country.  

 

In the subsequent section, CO2 emission, RGDP, and energy used in each 

of the chosen country will be explained in details.  

 

 

1.1.1 Indonesia 

 

Figure 1.1: CO2 Emission for Indonesia 

 

Source: Retrieved January 31, 2013 from World Bank’s World Development 

Indicator (http://www.worldbank.org/), own illustration.  
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Figure 1.2: RGDP for Indonesia 

 

Source: Retrieved January 31, 2013 from World Bank’s World Development 

Indicator (http://www.worldbank.org/), own illustration.  

 

Figure 1.3: Energy Used for Indonesia 

 

Source: Retrieved January 31, 2013 from World Bank’s World Development 

Indicator (http://www.worldbank.org/), own illustration.  
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Indonesia is the larger country in ASEAN that is also geographically 

isolated from other member countries (Karki et al., 2005). Indonesia with one of 

the world’s second largest tropical forest has one of the fastest deforestation rate 

in the world and ranked third in greenhouse gases emission (Jafari, Othman & 

Nor, 2012). Indonesia is a primary producer of wood furniture, with intense 

deforestation and also often has some of the worst forest fires. It is known fact 

that, deforestation, any other form of activities and event that can severely affect 

the habitat in the forest will affect the ecosystem. From 1980 to 2001, CO2 

emission for Indonesia grew the fastest among all ASEAN countries due to the 

development of energy intensive industries in the country (Energy Information 

Administration, 2004).  

 

Based on Figure 1.1 to 1.3, Indonesia’s CO2 emission, RGDP, and energy 

used show an increasing trend. High level of urbanization and industrialization in 

the country is the primary cause of the increasing energy used (Karki et al., 2005), 

RGDP, and higher emission. It should be noted that forest fires in Indonesia 

usually occurs during the mid of the year (Sastry, 2002). In the year of 1997, 

forest fire in Indonesia which lasted long into 1998 was probably one of the worst 

forest fires in history which had caused serious air pollution, the spreading of 

thick smoke, and haze to Southeast Asia (Sastry, 2002).  
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1.1.2 Philippines 

 

Figure 1.4: CO2 for Philippines 

 

Source: Retrieved January 31, 2013 from World Bank’s World Development 

Indicator (http://www.worldbank.org/), own illustration.  

 

Figure 1.5: RGDP for Philippines 

 

Source: Retrieved January 31, 2013 from World Bank’s World Development 

Indicator (http://www.worldbank.org/), own illustration.  
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Figure 1.6: Energy Used Philippines 

 

Source: Retrieved January 31, 2013 from World Bank’s World Development 

Indicator (http://www.worldbank.org/), own illustration.  

 

Philippines as a newly industrialized country, is slowly transitioning from 

a country based on agriculture to one which is based more on services and 

manufacturing. This transition definitely brings about the increase in CO2 

emission in Philippines. It should be noted that, a very interesting factor of CO2 

emission in Philippines is indoor air pollution, which was found to be caused by 

incomplete burning of biomass and coal as the people in Philippines cooks using 

traditional cook stoves. As much as 90% of the biomass is consumed in the 

household sector (Bhattacharya, 2000, as cited in Karki et al., 2005).  

 

The 1992 power shortage in Philippines brought some of the greatest harm 

to the country’s economy and this caused the RGDP to drop in year 1992. RGDP 

illustrated in Figure 1.5 shows that Philippines’s RGDP experiences a sharp drop 

from year 1983 to 1985 and has the lowest RGDP in year 1985. This is mainly 

due to the Philippines crisis in 1984. The crisis had caused serious impact on the 

country’s economy such as adverse terms of trade, rise in public sector deficit, and 

balance of payment problem (Malin, 1985). Besides the Philippines crisis, Asian 
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financial crisis also has an impact on Philippines’ economy. From the Figure 1.4 

and 1.6, CO2 emission and energy used for Philippines show a similar trend of 

fluctuation over time.  

 

 

1.1.3 Singapore 

 

Figure 1.7: CO2 for Singapore 

 

Source: Retrieved January 31, 2013 from World Bank’s World Development 

Indicator (http://www.worldbank.org/), own illustration.  
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Figure 1.8: RGDP for Singapore 

 

Source: Retrieved January 31, 2013 from World Bank’s World Development 

Indicator (http://www.worldbank.org/), own illustration.  

 

Figure 1.9: Energy Used for Singapore 

 

Source: Retrieved January 31, 2013 from World Bank’s World Development 

Indicator (http://www.worldbank.org/), own illustration.  
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Singapore is one of the countries that reach the status of “developed” 

among ASEAN countries. It is ranked as one of the most populous cities in the 

world (Tan, 2006). From Figure 1.7, Singapore’s CO2 emission fluctuates over the 

years and there is no obvious increasing or decreasing trend. This is observed as 

precautions and actions were taken by the Singapore government in promoting 

environmental awareness among business, consumers and the community 

(Birchall, Stiles & Robinson, 1993). Nonetheless, Singapore was also affected by 

the 1997 Asian financial crisis. The country’s CO2 emission, RGDP, and energy 

used were observed to have fallen too. Singapore’s CO2 emission shows a 

declining trend after reaching its peak at 1994. This was due to a switch to the 

usage of cleaner natural gas for power generation and other government energy 

efficiency measures.  
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1.2 Problem Statement 

 

The relationship between environmental quality and economic growth has 

always been an area of interest among researchers, numerous researches have 

been carried out to examine the relationship between environmental quality and 

economic growth by adding various variables that is significant in affecting the 

relationship between environmental quality and economic growth such as foreign 

trade (Jalil & Mahmud, 2009; Saboori, Sulaiman & Mohd, 2012b), electricity 

consumption (Lean & Smyth, 2010; Wolde-Rufael, 2006), fossil fuel consumption 

(Payne, 2011), and energy consumption (Acaravci & Ozturk, 2010; Ang, 2007, 

2008; Apergis & Payne, 2009; Bowden & Payne, 2009). Although numerous 

researches had been carried out, but there are less research carry out for long-run 

relationship between CO2 emission, RGDP, and energy used on ASEAN 

countries.  

 

Most researches on the EKC hypothesis are carried out using panel data 

for a group of developing countries and developed countries (Apergis & Payne, 

2009; Lee & Lee, 2009; Sanglimsuwan, 2011). However, a panel data is not able 

to reflect the single relationship of EKC for each country (Egli, 2004). Saboori et 

al. (2012b) suggested that study on individual countries is necessary to carry out 

in order to come out with policies that are effective and sustainable. Moreover, 

Egli (2004) argued the importance of the different between short-run and long-run 

effects on environmental quality and economic growth thus equations with 

explicit short term and long term dynamics are deemed to be more appropriate.  

 

Some researchers only include economic growth and CO2 emission as 

variables in examining the relationship between environmental quality and 

economic growth (Grubb et al., 2004; Lee & Lee, 2009; Narayan & Narayan, 

2010; Sanglimsuwan, 2011). Lean and Smyth (2010) argued that this will increase 

the chance of suffer from omitted variable problem. Energy used is one of the 

important elements for economic growth as higher economic growth is associated 



Cointegration Analysis of CO2 Emission 

 

Page 14 of 68 
 

with more energy used (Saboori et al., 2012b). Therefore it is necessary to include 

energy used during examining the relationship between environmental quality and 

economic growth.  

 

 

1.3 Research Objective 

 

 

1.3.1 General Objective 

 

This study would like to examine the long-run relationship between CO2 

emission, RGDP, and energy used in ASEAN-3 countries and observe the 

existence of EKC in each country. Besides, this study also seeks to support and to 

emphasize the importance of continuous researches that are related to the 

environment for sustainable living. 

 

 

1.3.2 Specific Objective 

 

Specifically, this study would like: 

1. To examine the long-run relationship between CO2 emission, RGDP, and 

energy used in ASEAN-3 countries.  

2. To examine the significance of RGDP and energy used on CO2 emission in 

ASEAN-3 countries. 

3. To determine the existence of EKC in ASEAN-3 countries. 

4. To examine the integration between short-run and long-run.  
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1.4 Research Question 

 

These are the questions that are being addressed in this study: 

1. Is there a long-run relationship between CO2 emission, RGDP, and energy 

used in ASEAN-3 countries? 

2. What is the relationship between CO2 emission, RGDP, and energy used in 

ASEAN-3 countries? 

3. Does the EKC exist in ASEAN-3 countries? 

4. Is there any integration between short-run and long-run? 

 

 

1.5 Hypotheses of the Study 

 

This study hypothesized that a long-run relationship exists between CO2 

emission, RGDP, and energy used. Besides, the RGDP and energy used are 

significant in affecting CO2 emission and there is an existence of EKC in ASEAN-

3 countries. Lastly, integration between long-run and short-run is also 

hypothesized. 

 

 

1.6 Significance of the Study 

 

This study attempts to study the long-run relationship between CO2 

emission, RGDP, and energy used in ASEAN-3 countries. Same researches had 

been done in the past, but those researches mainly focus on OECD countries and 

developed countries (Acaravci & Ozturk, 2010; Bernstein & Madlener, 2011; Jalil 

& Mahmud, 2009; Pao & Tsai, 2010). Therefore, the contribution of this study is 

to reconcile the lack of literatures in examining the relationship between CO2 

emission, RGDP, and energy used in ASEAN-3 countries.  
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This study also serves to supplement current research and awareness on 

the relationship between economic growth and environmental quality, so that 

better countermeasures and enforcements can be taken by entrusted policy makers 

before the effects are too deep to be amended and to enlighten the community by 

and large to live and develop in harmony with the environment. 

 

 

1.7 Chapter Layout 

 

This study consists of five chapters. Chapter 1 provides an introduction to 

the study which consists of problem statement, research objective, and research 

question. Chapter 2 provides the synoptic review of theoretical and empirical 

literature review. Chapter 3 outlines the methodology, theoretical framework, and 

model used in this study. Chapter 4 reports and analyses the results from the 

estimation of the model. Chapter 5 is the conclusion of this study which 

summarizes the major findings and provides policy implications and 

recommendations to future researchers.   

 

 

1.8 Conclusion 

 

This study will present the long-run relationship between CO2 emission, 

RGDP, and energy used in ASEAN-3 countries. Besides, the existence of 

inverted-U curve relationship (EKC) in these countries will be identified. The 

following chapter, Chapter 2: Literature review will provide a series of review on 

the relevant theories and researches carried out in the past. 
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CHAPTER 2: LITERATURE REVIEW 

 

 

2.0 Introduction 

 

Will the world be able to sustain development and economic growth 

without compromising the quality of environment, has always remained 

enigmatic. As such, it is not surprising that countries are very concerned on the 

issue of effect of economic growth on environmental quality. In general, many 

social and physical scientists hypothesize that higher level of income increase 

environmental degradation (Kaufmann, Davidsdottir, Garnham & Pauly, 1998). 

Conversely, many also argued that higher level of incomes reduce environmental 

degradation (Grossman & Krueger, 1995). Moreover, there are others who 

hypothesized that the relationship between economic growth and environmental 

quality is not fixed along a country’s development path (Shafik & 

Bandyopadhyay, 1992). Research on this area, to investigate the relationship 

between economic growth and environmental quality has been carried out 

numerously, especially in the developed countries or a collection of countries 

which consist of mostly developed countries, with USA, UK, Netherland, and 

West Germany making a very prominent presence in such research (de Bruyn et 

al., 1998; Kaufmann et al., 1998). In another scenario, Acaravci and Ozturk 

(2010), Ang (2007), Apergis and Payne (2009, 2010), Jalil and Mahmud (2009), 

Lean and Smyth (2010), Lee and Lee (2009), Menyah and Wolde-Rufael (2010), 

Narayan and Narayan (2010), Pao and Tsai (2010), and Saboori et al. (2012a, 

2012b) did research to observe the long-run relationship between environmental 

quality and economic growth. 

 

  Studies on the income-environment relationship and interest on the 

hypothesis of EKC still hold, however with more attention being paid on using 
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CO2 emission as the pollutant. Acaravci and Ozturk (2010), Ang (2007), Apergis 

and Payne (2009, 2010), Jalil and Mahmud (2009), Lean and Smyth (2010), Lee 

and Lee (2009), Menyah and Wolde-Rufael (2010), Narayan and Narayan (2010),  

Pao and Tsai (2010), and Saboori et al. (2012a, 2012b) all used CO2 as the 

dependent variable to observe the long-run relationship between environmental 

quality and economic growth.  

 

This literature review seeks to review researches of such carried out in the 

past to provide as many insights and details on the research of economic growth 

and environment. This literature survey consist of the relevant theories, the 

independent and dependent variables used, the relationship between the 

environment and economic growth, the various methodologies and results from 

the past in this area of study.  

 

 

2.1 The Fundamental Theoretical Framework - The 

Hypothesis of EKC 

 

The EKC hypothesized the relationship between various indicators of 

environmental degradation against income per capita. In the early stages of 

economic growth, environmental degradation will increase until a certain level of 

income and then environmental improvement will subsequently occur at a higher 

income level. This relationship is also known as an inverted U-curve relationship, 

analogous to the pattern found between income inequality and economic 

development by Simon Kuznets (1955), who received a Nobel Prize for his work 

(de Bruyn et al., 1998; Selden & Song, 1994).  The EKC concept  only emerge in 

the early 1990s with Grossman and Kruger’s (1991) breakthrough study of the 

potential impacts of North American Free Trade Agreement (NAFTA) and a 

background study for 1992 World Development Report by Shafik and 

Bandyopadhyay (1992) (Stern, 2004).  However, since the inception of this 

relationship, there are various stands on the credibility of EKC. 
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2.2 The Dependent Variable - The Environmental Quality 

Indicators 

 

In various empirical researches in the past to break down the relationship 

between economic growth and the indicators use to measure the state of the 

environment, the dependent variable used, is termed in their research as 

environmental quality (Galeotti & Lanza, 2005; Grossman & Krueger, 1995; 

Selden & Song, 1994), EP (de Bruyn et al., 1998; Panayotou, 2003) or 

environmental degradation (Ansuategi & Escapa, 2002; Kaufmann et al., 1998). 

The measure of the state of the environment can be taken from various dimensions 

as living quality is affected by the very basic of living necessities- the air, the 

water, the soil the climates or any aspect of the natural environment that comes in 

mind. Each of these dimensions may affect the economic growth in ways which 

has been discovered in past researches or ways that are yet to be known due to 

whatever limiting factors in the present. 

 

Kaufmann et al. (1998) stated that the measure of environmental 

degradation variables in various studies distinctly fall into two categories; where 

the pollutants are measured in terms of emission or concentrations. Although, 

these two forms of variables can be used interchangeably, they measure different 

aspect of the environment. Emission shows the amount of pollutants generated by 

economic activities without taking the size of area into consideration. 

Concentrations however measure the amount of pollutants per unit volume or area 

but do not consider the type of activities. Therefore, neither concentrations nor 

emissions are the perfect measure for environmental quality. Hence, the 

drawbacks of these two measures will need to be recognized in the model and be 

interpreted accordingly. 
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Nonetheless, the indicators used to represent this factor take the form of 

various environmental pollutants. De Bruyn et al. (1998) used CO2, Nitrogen 

Dioxide (NO2) and Sulfur Dioxide (SO2 hereafter) emission level, Grossman and 

Krueger (1995) used sulphur dioxide and Suspended Particulate Matter (SPM 

hereafter), level of dissolved oxygen in the river basin, concentrations of fecal coli 

form (pathogen), concentration of heavy metal (lead, cadmium, arsenic, mercury 

and nickel), Selden and Song (1994) used the same air pollutants studied by 

Grossman and Krueger (1995), along with Oxides of Nitrogen (NOx hereafter) and 

Carbon Monoxide (CO hereafter). Ansuategi and Escapa (2002) used Greenhouse 

gases emission (GHG) as a whole; as its specific components were not mentioned 

and Kaufmann et al. (1998) were only interested in the atmospheric concentration 

of SO2.  

 

The choice of indicators used as the dependent variable in such studies is not 

explicitly mentioned by the authors. However, it is implied by Grossman and 

Krueger (1995) that since any dimensions of the environment may affect the 

economic growth of country, inclusion of more indicators might be able to 

provide a more comprehensive results. In another scenario, a growing number of 

empirical studies sought an EKC in CO2 emissions only, as the authors stated that 

this pollutant is global in nature and plays a crucial role as a major determinant of 

greenhouse effect where greenhouse effect is the root of environmental problem 

(Galeotti & Lanza, 2005). For instance, CO2 is the pollutant used in the studies of 

Acaravci and Ozturk (2010) for 7 European countries, Ang (2007) for France, 

Apergis and Payne (2009) for 5 Central American countries, Apergis and Payne 

(2010) for 11 Commonwealth of independent States, Jalil and Mahmud (2009) for 

China, Lee and Lee (2009) for 109 selected countries, Lean and Smyth (2010) for 

5 ASEAN countries, Menyah and Wolde-Rufael (2010) for South Africa, Narayan 

and Narayan (2010) for 43 selected developing countries, Pao and Tsai (2010) for 

Brazil, Russia, India and China (BRIC), Saboori et al. (2012a) for Indonesia, and 

Saboori et al. (2012b) for Malaysia, to observe the long-run relationship between 

environmental quality and economic growth. Nevertheless, it was pointed out by 
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Grossman and Krueger (1995) that paucity of data limits the scope of the study. 

The pollutants (dependent variable) used as the indicator of environment in these 

reviewed research are the few common ones, as they are in fact even more other 

uncommon pollutants being explored in other researches such as deforestation, 

municipal waste, ammoniac nitrogen, volatile organic carbon etc. 

 

 

2.3 The Independent Variables 

 

Empirical researches in the past have used Gross Domestic Product (GDP 

hereafter) per capita in their research to represent the economic growth of the 

country (Ansuategi & Escapa, 2002; de Bruyn et al., 1998; Galeotti & Lanza, 

2005; Grossman & Krueger, 1995; Kaufmann et al., 1998; Selden & Song, 1994; 

Stern, 2004). Most past researches agree with the EKC literature that assumes the 

empirical reduced-form relationship between per capita emissions and GDP can 

be adequately described by a parametric model, and specifically by a polynomial 

function of income (Galeotti & Lanza, 2005; Kaufmann et al., 1998; Selden & 

Song, 1994). Kaufmann et al. (1998) also included economic activity per area, 

iron and steel exports in nominal dollars as explanatory variables. Grossman and 

Krueger (1995) on the hand included a cubic function of GDP per capita as the 

author suggested that the cubic specification is even more flexible to describe 

varied relationship between pollution and GDP.  However, Ansuategi and Escapa 

(2002) who adapted the structural model based on another author’s work did not 

utilize GDP explicitly in their model. Complex scientific and technological 

assumptions are instead calibrated in his model.  

 

 In contrary with most researches, de Bruyn et al. (1998) expressed GDP 

per capita in terms of growth rate linearly, as the model adapted by the authors 

included an additional variable of intensity of use which is represented by an 

index of price of energy, a variable where its effect remains unravelled in the EKC 

hypothesis. De Bruyn et.al (1998) however did mention that a quadratic income 
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term can be included for initial structural deterioration and subsequent 

improvements as in the EKC. This quadratic income term can be found in the 

model adopted by Acaravci and Ozturk (2010), Ang (2007), Apergis and Payne 

(2009, 2010), Jalil and Mahmud (2009), Pao and Tsai (2010), and Saboori et al. 

(2012a) together with another variable of energy consumption. Energy 

consumption obviously has immediate effect on the environment, as higher 

economic development usually calls for higher energy consumption, thus to avoid 

misspecification problem, its best to be tested and included in the same framework 

(Ang, 2007, 2008).   

 

 

2.4 Income and Environment Relationship  

 

The income-environment relationship, as specified and tested in many 

literatures, has always been considered in its reduced-form dynamic function that 

intends to capture the effect of income on the environment (Ansuategi & Escapa, 

2002; de Bruyn et al., 1998; Galeotti & Lanza, 2005; Grossman & Krueger, 1995; 

Kaufmann et al., 1998; Selden & Song, 1994; Stern, 2004).  

 

However, an important limitation of the reduced-form approach is that it 

leaves researchers who uses this approach, in oblivion, as to why the observed 

relationship exist. Thus, some authors argued that the reduced-form equation hides 

more than it can reveal and the underlying determinants of environment quality 

are not explicitly decomposed before this reduced-form is accepted and widely 

used.  

 

Islam, Vincent, and Panayotou (1999) was the first to shed a little light on 

this existing relationship and identify three structural forces that affect the 

environment indirectly, where Panayotou (2003) and Stern (2004) later comes to 

agree too. These three effects are the level effect due to economic activity, 
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composition effect, and pollution abatement effect. These three effects are 

explained as follow: 

 

 

2.4.1 Level Effect 

 

Income serves as the indicator for level effect from economic activity. All 

activities which generate income require interaction with the environment and 

their processes generally generate pollution and deplete resources. Hence, as the 

level of economic activity per capita gets higher, the higher the level of pollution 

is likely to be. This implies an increasing monotonic relationship between income 

and pollution. Income is commonly represented by the data of GDP per capita. 

 

 

2.4.2 Composition Effect 

 

Composition effect depends on another two assumed relationships, which 

are the income level and structure of the economy. The structure of the economy 

can be captured by the composition of sector output or employment in a 

predictable manner with the increase of income. The increase in income scale will 

transform the structure of an economy. This transformation subsequently reflects 

the intrinsic process of industrialization. This process is generally captured by the 

industry’s share in the country’s output. The share will first increase and later 

declines as country moves from the stages of pre-industrial, industrial and post-

industrial of development. This give rise to the second assumption that, 

industrialization is more polluting and resource depleting than agriculture or 

services based industry. When combined, these two assumptions give the inverted 

U-curve relationship between income level and pollution. 

 

 

2.4.3 Abatement Effect 
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The abatement effect is established upon an analogue of Engel’s Law on 

the relationship between the demand for food and level of income. According to 

Engel’s Law, at low income level, people are more perturb with meeting urgent 

material needs and worry less about the environment. Therefore, as level of 

income increase, they worry less on urgent material needs and appreciate 

environmental quality more, hence, demanding it. This effect renders the 

relationship between pollution and income which slopes downwards when income 

reached a certain level and hence the shape of an inverted-J. 

 

The purpose of the identification of the ways in which income affect 

pollution is an effort to explore how the underlying determinants of environmental 

quality is determined, for which income level acts as a surrogate. This step may be 

the beginning to uncover the existence of the reduced-form relationship between 

environment and economic growth, which represents another branch of study in 

this type of research. 

 

In short, in the reduced-form, income level actually serves as a proxy for 

the above three mentioned structural forces. 

 

 

2.5 Methodologies Adapted in Past Research 

 

The studies on the relationship between environment and economic growth 

have been approach in various methodologies. However, most have adapted their 

models in the reduce-form function approach (de Bruyn et al., 1998; Galeotti & 

Lanza, 2005; Grossman & Krueger, 1995; Kaufmann et al., 1998; Selden & Song, 

1994; Stern, 2004).  

 

De Bruyn et al. (1998) used a reduced-form function to regress the 

relationship between GDP per capita and gaseous emission with an additional 
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variable of lagged income level, price of any input related factor (in the author’s 

research which is a constructed energy price index), which when these two 

variables are collectively interpreted together with the constant coefficient of the 

econometric model is named as the intensity of use, where all variables (except 

the lagged income variable) were expressed in growth rates in Netherlands, UK, 

USA, and Western Germany, which is the first of its kind. The role of energy 

price is still unknown; however its possibility was also briefly mentioned by de 

Bruyn et al. (1998). 

 

Selden and Song (1994) used a reduced-form function to regress the 

relationship between GDP per capita and SO2, NOx, CO, and SPM both in random 

effect and fixed effect. Grossman and Krueger (1995) research is an extension to 

the study of Selden and Song (1994) where the author also used a reduced-form 

function to regress the relationship between GDP per capita but with a very 

extensive, comprehensive collection of environmental indicators which consist of 

indicators for air pollution (SO2, smoke, and heavy suspended air particles), the 

state of oxygen in river basins (dissolved oxygen, biological oxygen demand, 

chemical oxygen demand, and concentration of nitrates), pathogenic 

contamination of river basin (fecal coliform and total coliform), and 

contamination of river basins by heavy metals (concentration of lead, cadmium, 

arsenic, mercury, and nickel).  

 

Galeotti and Lanza (2005) used a reduced-form function to regress the 

relationship between GDP per capita and CO2 emission only using a panel data of 

over 100 countries and 25 years initially developed by the International Energy 

Agency (IEA). Kaufmann et al. (1998) used a reduced-form function to regress 

the relationship between GDP per capita and SO2 emission, economic activity per 

area, iron, and steel exports in nominal dollars. In their study, cross sectional 

regression, panel data regression of fixed effect and random effect regression were 

both carried out. 
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In more recent studies, which were very much focused on examining the 

long-run relationship between CO2 emissions, economic growth, energy 

consumption or  any other variable deemed relevant based on the EKC, most had 

adopted the Autoregressive Distributed Lag (ARDL hereafter) methodology 

which was developed by Pesaran, Shin, and Smith (2001). The ARDL is 

commonly adopted in empirical study which has the objective to examine long-

run relationship between CO2 emissions and the real output as well as the causal 

relationship between the variables. 

 

Using ARDL approach, Acaravci and Ozturk (2010), Apergis and Payne 

(2009, 2010), Menyah and Wolde-Rufael (2010), Pao and Tsai (2010), and 

Saboori et al. (2012a), all extended their studies based on the study by Ang 

(2007), where they examined the long-run relationship between CO2 emission, 

economic growth, and energy consumption using data from different countries. 

Jalil and Mahmud (2009) and Saboori et al. (2012b) used similar approach, 

however with an additional variable of foreign trade. Lean and Smyth (2010) 

explicitly mentioned that his research was conducted to examine the causal 

relationship between CO2 emissions, electricity consumption, and economic 

growth, while Narayan and Narayan (2010) solely want to test the long-run 

relationship between CO2 emission and economic growth. 

 

Lee and Lee (2009) was one exceptional study which uses another 

methodology called Seemingly Unrelated Regressions Augmented Dickey-Fuller 

(SURADF) test to conduct similar research. The author found SURADF to be 

much more efficient than the more-widely used ARDL. 

 

 

2.6 Findings from the Past 

 

Results from the past yielded similar conclusions in certain context but 

rather inconclusive in certain sense as well. It should be noted that a single 
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prominent conclusion that holds for all researches reviewed in this literature is that 

the existence of the relationship between economic growth and environment 

seems to be undeniable although the basis of its existence is challenged 

theoretically and econometrically and most researches, the observed values exhibit 

a pattern of curve, though not the same. Grossman and Krueger (1995) and Selden 

and Song (1994) found a cubic N-curve. Galeotti and Lanza (1999), Islam et al. 

(1999), and Kaufman et al. (1998), observed a quadratic-U curve while de Bryun 

et al. (1998) observed a logarithm-linear relationship. The turning points for each 

of the indicators used are also different. Kaufmann et al. (1998) found unusually 

high turning points for the SO2 level in their studies. Grossman and Kruger (1995) 

observed two turning points for the cubic N-curve for SO2 out of the many 

indicators they observed. 

 

The findings is inconclusive in sense that, the relationship between the 

environment and economic growth is so extensively observed that, different 

researchers use different assumptions to explain the existence of the form and 

functions used in the model adapted and different pollutants to represent the 

quality of environment, as mentioned in the previous sections. The researches 

which were carried out in different countries either individually or collectively 

may render to the ambiguity too. Thus, the results of such research do not seem to 

be very comparable with each other unless the direction and forms of the research 

are carried out in a very similar manner as its predecessors as in the case of 

Ansuategi and Escapa (2002), Grossman and Krueger (1995), and Selden and 

Song (1994).  

 

In the context of examining the long-run relationship between the 

variables, the authors found that the results do provide evidence for the existence 

of long-run relationship between these variables (Acaravci & Ozturk, 2010; Ang, 

2007; Apergis & Payne, 2009, 2010; Jalil & Mahmud, 2009; Lean & Smyth, 

2010; Lee & Lee, 2009; Menyah & Wolde-Rufael, 2010; Narayan & Narayan, 

2010; Pao & Tsai, 2010; Saboori et al., 2012a, 2012b). The findings were 
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consistent with the EKC in all studies for most of the countries observed, except 

for Acaravci and Ozturk (2010), only Denmark and Italy supports the validity of 

EKC hypothesis in the author’s research. Furthermore, in the study of Saboori et 

al. (2012a), the authors do not find the validity of EKC in their studies on 

Indonesia. 

2.7 Conclusion 

 

In conclusion, the findings from past researches can be summarized in one 

table. The following Table 2.1 summarized each important results related to each 

reviewed past research examining the long-run relationship between the variables. 

This study will be closely base on the studies by Ang (2007), Pao and Tsai (2010), 

and Saboori et al. (2012a). The methodology involved and justification will be 

discussed in Chapter 3: Methodology. 
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Table 2.1: Summary of Past Researches 

Authors Country Method 
Findings 

Long-run r/s EKC RGDP RGDP
2 

ENG 

Acaravci & 

Ozturk (2010) 
7 European countries  ARDL Valid 

Valid in 

Denmark & 

Italy 

+ve -ve +ve 

Ang (2007) France ARDL Valid Valid +ve -ve +ve 

Apergis & Payne 

(2009) 

5 Central American 

countries 
ARDL  Valid Valid +ve -ve +ve 

Apergis & Payne 

(2010) 

11 Commonwealth of 

Independent States 

countries 

ARDL Valid Valid +ve -ve +ve 

Jalil & Mahmud 

(2009) 
China ARDL  Valid Valid +ve -ve +ve 

Lean & Smyth 

(2010) 
5 ASEAN countries ARDL 

Valid with 

unidirectional 

causality 

Valid +ve -ve - 
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Lee & Lee 

(2009) 
109 selected countries 

Panel 

SURADF 
Valid Valid +ve - - 

Menyah & 

Wolde-Rufael 

(2010) 

South Africa ARDL 
Negative 

long-run r/s 
- +ve - -ve 

Narayan & 

Narayan (2010) 

43 selected developing 

countries 

Panel 

cointegration 

test (ARDL) 

Valid in 

certain 

Valid in 

certain 
+ve - - 

Pao & Tsai 

(2010) 
BRIC ARDL Valid Valid +ve -ve +ve 

Saboori, Bin 

Sulaiman & 

Mohd (2012a) 

Indonesia ARDL Valid Invalid -ve +ve +ve 

Saboori, Bin 

Sulaiman & 

Mohd (2012b) 

Malaysia ARDL Valid Valid +ve -ve - 
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CHAPTER 3: METHODOLOGY 

 

 

3.0 Introduction 

 

 This chapter will discuss on three components, the model, the data and the 

method. The model of this study was adopted from past researches which 

conducted by Ang (2007), Pao & Tsai (2010), and Saboori et al. (2012a). Using 

CO2 emissions as dependent variable, this study were to examine the long-run 

relationship with RGDP and energy used. In addition, the square of RGDP was 

added into the model to determine the existence of EKC.  

 

All the data in this study were collected from the same source, the World 

Bank’s World Development Indicator (2013). This study’s sample comprises 

ASEAN-3 countries, over the period of 1974-2009. This study is using time-series 

analysis.  

 

 Lastly, two main tests were to be run in this study: unit root test and 

cointegration test. Augmented Dickey-Fuller (ADF hereafter) test and Phillips-

Perron (PP hereafter) test were employed to test for unit root. On the other hand, 

ARDL approach by Pesaran and Shin (1995) was used to test for cointegration.  
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3.1 Theoretical Framework 

 

 By adopting the same model used in Ang (2007), Pao and Tsai (2010), and 

Saboori et al. (2012a), this study follows the function below: 

 

                      

 

where,     is the pollution indicator, CO2 emission,      is income indicator, 

real gross domestic product and     is input indicator, energy used. By 

translating the function above into a natural log version, it as an equation as 

following: 

 

                                            
 
          

     

(1) 

 

where, t = 1,…,T represents time periods,    and    is the coefficient for intercept 

term and trend term respectively. The reason of including the trend variable is 

because the series for ASEAN-3 countries showed a strong trending pattern (see 

Appendices I).    is the error term.   ,    and    represent the coefficients 

of       ,          , and       respectively. Under the EKC hypothesis,    

expected to be positive while    is expected to be negative. This indicates that 

when an economy is growth, the country produce more CO2 emission until a 

certain level, the level of CO2 emissions starts to decline.    is an indicator to 

examine the existence of EKC. On the other hand, the sign of    is expected to be 

positive because higher level of energy used represents greater economic activity 

which result in more CO2 emissions. In this study, the results are expected to be 

consistent with past research mentioned about, where    > 0,    < 0 and    > 0. 
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3.2 Data 

 

 This study is conducted using secondary and quantitative data. The data 

covered the period of 1974-2009 for ASEAN-3 countries. The time series data are 

in annual basis collected from World Bank’s World Development Indicator 

(2013). The sample size of this study is 36 for each country. Below, the Table 3.1 

has summarized the description and source of the data collected: 

 

Table 3.1: Description and Source of the Data Collected 

Data Indicator 

name 

Unit 

measurement 

Description 

Carbon 

dioxide 

emissions 

CO2 Metric tons per 

capita 

Carbon dioxide emissions are those 

stemming from the burning of 

fossil fuels and the manufacture of 

cement. They include carbon 

dioxide produced during 

consumption of solid, liquid, and 

gas fuels and gas flaring. 

Real gross 

domestic 

product 

RGDP Constant 2000 

US$ per capita 

RGDP per capita is an adjusted 

measure of an inflation that reflects 

the sum of all goods and services 

produced divided by midyear 

population. RGDP is able to 

abstract from the changes in price 

level in order to provide a more 

accurate figure. It is calculated 

based on year 2000. 
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Energy 

used 

ENG Kg of oil 

equivalent per 

capita 

Energy used refers to use of 

primary energy before 

transformation to other end-use 

fuels, which is equal to indigenous 

production plus imports and stock 

changes, minus exports and fuels 

supplied to ships and aircraft 

engaged in international transport. 

Note: All the data were converted into natural log form in the following analysis. 

 

 

3.3 Econometrics Method  

 

 In this study, the ARDL approach by Pesaran and Shin (1995) was 

employed as a methodology to test the cointegration. Before that, a pre-test for 

unit root using the ADF test (Dickey & Fuller, 1979) and PP test (Phillips & 

Perron, 1988) was conducted.  

 

 

 3.3.1 Unit Root Test 

 

Before conducting the cointegration test, researchers must determine the 

stationarity of the variables in the series using unit root test. According to Brooks 

(2008), the use of non-stationary data may cause the results to be spurious and 

invalid. This study conducted ADF test and PP test to determine whether the 

series is stationary at level, I(0) or at first difference, I(1). The null hypothesis to 

be tested is: 

 

   : The series has unit root (non-stationary). 

   : The series has no unit root (stationary). 
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The decision rule of this test is reject null hypothesis if probability value (p-value 

hereafter) is less than at least 10% significance level, otherwise, do not reject null 

hypothesis. This test aimed to reject the null hypothesis in order to conclude that 

the series is stationary. 

 

 

 3.3.2 Autoregressive Distributed Lag (ARDL) Approach 

 

 Cointegration test was developed by Engle and Granger (1987) to solve 

the problem of non-stationary time series data. In this study, ARDL approach 

(also known as bound testing), developed by Pesaran and Shin (1995) (see also 

Pesaran et al., 2001), was employed to determine the long-run relationship 

between CO2 emissions, economic growth, and energy used. The reason of ARDL 

approach was employed is because it has some advantages. First, ARDL approach 

is applicable regardless of the independent variable’s stationarity (can be 

stationary at either I(0) or I(1)). The dependent variable, however, must be 

stationary at I(1). Second, ARDL approach is more accurate in the process of 

generating the optimal numbers of lags (Laurenceson & Chai, 2003). Third, 

ARDL approach considered both short-run dynamics and long-run equilibrium 

(Merican, Yusop, Noor & Law, 2007). Fourth, according to Merican et al. (2007), 

ARDL approach is applicable for small sample size studies. 

 

 The first step of ARDL approach is to estimate the following unrestricted 

Error Correction Model (ECM hereafter) in order to investigate the existence of 

long-run relationship in Equation (1): 
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               ∑    

 

   

          

  ∑    

 

   

             ∑    

 

   

          
   

 

  ∑    

 

   

              

(2) 

 

where    is the intercept term, TREND is the trend term, Φ are long-run 

multipliers, Ψ are short-run coefficients and    is error term. The null hypothesis 

for this hypothesis testing will be: 

 

    :    =    =    =   = 0 (not cointegrated). 

   :    ≠ 0 or    ≠ 0 or    ≠ 0 or    ≠ 0 (cointegrated). 

 

To test the existence of long-run relationship, F-statistic (Wald test) is used to 

compare to the upper and lower bound critical values (CV hereafter) derived from 

the table (case IV) constructed by Narayan (2004). The reason of not using the 

original set of CVs constructed by Pesaran et al. (2001) is that the original set of 

CVs is generated for large sample size. This argument is also pointed out by 

Narayan (2004) and Narayan (2005). Therefore, Narayan (2004) constructed a 

new set of CVs applicable for small sample size study. Since this study have a 

relatively small sample size, it is suitable to follow the CVs constructed by 

Narayan (2004). The decision rule of this test is, reject null hypothesis if F- 

statistics is greater than upper bound CV, otherwise, do not reject the null 

hypothesis. If the F-statistic lies between the upper bound CV and lower bound 

CV, it is said to be inconclusive. In this case, this test aims to reject the null 

hypothesis and conclude that there is long-run relationship between the variables.  
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 Once the long-run relationship has been identified, the next step is to 

choose the optimal ARDL order using suitable lag information criteria. Schwartz 

Bayesian Criterion (SBC hereafter) is used to choose the optimal ARDL order in 

this study. The ARDL (k, l, m, n) is generated using the following equation: 

 

                       ∑    

 

   

           ∑    

 

   

          

  ∑    

 

   

         
   

   ∑    

 

   

             

(3) 

 

where k, l, m, and n are the lag lengths of each variables and    is the error term. 

Since this study is using yearly data, a maximum lag lengths of 2 was used, where 

     = 2. 

 

 After the selection of optimal ARDL order based on SBC, the long-run 

relationship among the variables can be estimated. Once the long-run relationship 

has been established, restricted ECM can be expressed as Equation (4) as follow: 

 

                                     ∑    

 

   

          

  ∑    

 

   

             ∑    

 

   

          
   

 

  ∑    

 

   

              

(4) 

 

where,        is the error correction term showing the speed of adjustment of  the 

variables adjusting back to long-run equilibrium. Short-run is said to be adjusted 

back when the coefficient,       shows a significant negative sign. 
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On the other hand, few diagnostic tests must have gone through for 

Equation (3): 

 

 

 3.3.2.1 Serial Correlation 

 

This problem is most likely to occur in time series data. Classical Normal 

Linear Regression Model (CNLRM hereafter) assumes that there is no 

autocorrelation between the error term of given X’s, symbolized as cov 

(           ) = E (     ) = 0, where i ≠ j. If the error term at period t is correlated 

with past error term, there is autocorrelation problem, E (     ) ≠ 0, where i ≠ j. In 

this case, this problem causes the violation of CNLRM assumptions. This problem 

may cause the variance of errors to not achieving at optimal level and resulting in 

a biased and wrong t and F statistics. Besides, the confidence interval and 

probability value for independent variable will also be biased and wrong, resulting 

in an inefficient estimator. Breusch-Godfrey Serial Correlation Lagrange 

Multiplier (LM hereafter) test was used to detect autocorrelation problem. The 

null hypothesis (  ) and alternative hypothesis (  ) to be tested is: 

 

  : There is no autocorrelation problem. 

  : There is autocorrelation problem. 

 

By computing the test statistic value for LM test = (n-p)  , and compare it to the 

chi-square critical value. The decision rule of this test is, if test statistic value is 

greater than chi-square critical value, reject the null hypothesis, otherwise, do not 

reject the null hypothesis. Besides, probability value (p-value hereafter) can also 

be use to run the test. If the p-value of LM test is less than at least 10% 

significance level, reject null hypothesis, otherwise, do not reject the null 

hypothesis. This test aimed to do not reject the null hypothesis and conclude that 

there is no autocorrelation problem. 
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 3.3.2.2 Heteroscedasticity 

 

This problem occurs when there is unequal in variance of error. CNLRM 

assumes that the variance of given X’s,   , is constant or homoscedastic, 

symbolized as E (  
 ) =   , where i = 1, 2, …, n. When there is unequal variance 

of error, E (  
 ) =   

 . The violation of CNLRM will cause the same consequences 

as to autocorrelation problem which causes the estimator to be inefficient. The 

null hypothesis (  ) and alternative hypothesis (  ) to be tested is: 

 

  : There is no heteroscedasticity problem. 

  : There is heteroscedasticity problem. 

 

Using p-value for the test, the decision rule for this test is, if the p-value is less 

than at least 10% significance level, reject the null hypothesis, otherwise, do not 

reject the null hypothesis. This test aimed to do not reject the null hypothesis and 

conclude that there is no heteroscedasticity problem. 

 

 

3.3.2.3 Model Specification 

 

This test is to ensure the estimated model is correctly specified. There are 

few types of model specification error: omitted a relevant independent variable, 

included an irrelevant independent variable, both omitted and included relevant 

and irrelevant independent variables, or presented the dependent and independent 

variables in wrong functional form. Any type of errors occurred will violate the 

CNLRM assumptions and may cause an invalid, biased, inconsistent, and 

inefficient estimated result. To detect whether the model is correctly specified, 

Ramsey Regression Specification Error Test (RESET hereafter) was used. The 

null hypothesis (  ) and alternative hypothesis (  ) to be tested is: 
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  : Model specification is correct. 

  : Model specification is incorrect. 

 

By computing the test statistic value for RESET test 

=  
   

                 
                                         

       
                                

, and compare it to the F 

critical value. The decision rule of this test is, if test statistic value is greater than 

F critical value, reject the null hypothesis, otherwise, do not reject the null 

hypothesis. For p-value, if the p-value for RESET tests is less than at least 10% 

significance level, reject the null hypothesis, otherwise, do not reject the null 

hypothesis. This test aimed to do not reject the null hypothesis and conclude that 

the model is correctly specified.  

 

 

3.3.2.4 Residual Test 

 

The residual test is performed to confirm the assumption that the model’s 

residual are normally distributed,    ~ N (0,   ). The Jarque-Bera (JB hereafter) 

test was used to test the residual’s normality. The null hypothesis (  ) and 

alternative hypothesis (  ) to be tested is: 

 

  : The error term is normally distributed. 

  : The error term is not normally distributed. 

 

By computing the test statistic value for JB test =  
  

 
  

      

  
 , and compare it to 

the chi-square critical value. The decision rule of this test is, if test statistic value 

is greater than chi-square critical value, reject null hypothesis, otherwise, do not 

reject the null hypothesis. For p-value, if the p-value for JB tests is less than at 

least 10% significance level, reject the null hypothesis, otherwise, do not reject the 

null hypothesis. This test aimed to do not reject the null hypothesis and conclude 

that the error term is normally distributed. 
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 3.3.2.5 Stability Test 

  

Stability test examine whether the estimated coefficients are stable or are 

intervened by structural changes. As suggested by Pesaran et al. (2001), 

Cumulative Sum (CUSUM hereafter) and Cumulative Sum of Squares 

(CUSUMSQ hereafter) test (proposed by Brown, Durbin & Evans, 1975) were 

used to determine the stability of the estimated coefficients in this study. The null 

hypothesis (  ) and alternative hypothesis (  ) to be tested is: 

 

  : The coefficients in the regression are stable. 

  : The coefficients in the regression are not stable. 

 

The decision rule of this test is, if the plot of CUSUM and CUSUMSQ statics falls 

beyond the critical bounds of 5% significance level, reject the null hypothesis, 

otherwise, do not reject the null hypothesis. These tests aimed to do not reject the 

null hypothesis and conclude that the coefficients in the regression are stable. 

 

 Two programs were used to estimate the models: EViews 6 and Microfit 

4.1. Microfit 4.1 is a program developed by the author who developed ARDL 

approach for cointegration, Dr. Hashem Pesaran. This program is also constructed 

to aid the estimation of ARDL approach. 
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3.4 Conclusion 

  

 In summary, referring back to the past researches’ findings (in Chapter 2) 

as well as the EKC hypothesis, this study is expected to have a consistent results 

with the past findings and the theory, where    > 0,    < 0 and    > 0. This study 

comprises five steps in the econometrics method. First step is to test for the unit 

root by applying ADF test and PP test. Second step is determining the 

cointegration between variables by using Wald test. With a valid cointegration 

existed, the third step was to select the optimal ARDL order with reference to 

SBC. After the optimal ARDL order is selected, the fourth step was to go through 

few diagnostic tests: serial correlation with LM test, heteroscedasticity, model 

specification with Ramsey RESET test, residual test with JB test and stability test 

with CUSUM and CUSUMSQ. The fifth step, using the lagged Error Correction 

Term (ECT hereafter), the short-run was checked whether it has adjusted back to 

long-run equilibrium. For first and second step, EViews 6 was used to estimate the 

models. However, from third step onwards, Microfit 4.1 was used.  The results 

will be interpreted in next chapter, Chapter 4: Data analysis. 
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CHAPTER 4: DATA ANALYSIS 

 

 

4.0 Introduction 

 

With a preparatory work on the theoretical framework, in this study, 

statistical results and interpretations will be presented in this chapter. ARDL 

model is used and the best results are interpreted. The tests carried out consist of 

diagnostic tests and unit root tests which intend to study the stationary of the data. 

All the results of the tests are obtained through Eviews 6 and MicroFit 4.1 

software.  

 

 

4.1 Unit Root Test 

 

 

4.1.1 Augmented Dickey-Fuller (ADF) and Phillips-Perron 

(PP) 

 

In order to study the stationary characteristic for all variables in ASEAN-3 

countries, unit root test – ADF test and PP test have to be carried out. In ADF test 

and PP test, this study has included intercept and trend and intercept. The results 

will be interpreted based on intercept. Based on the results, the null hypothesis of 

having a unit root cannot be rejected at 1% significance level for all countries’ 

variables when the variables are defined in I(0). In the meantime, all the variables 

are stationary at, at least 10% significance level when the variables are defined in 

I(1). Thus, it can be concluded that the series for each country is integrated at 

order one. The results are summarized in Table 4.1. 
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Table 4.1: Unit Root Test Results (ADF Test and PP Test) 

 

 

ADF 

 

PP 

 

Intercept 
 

Trend and Intercept 

 

Intercept 
 

Trend and Intercept 

 

Level 

I(0) 

1st Difference 

I(1)  

Level 

I(0) 

1st Difference 

I(1) 
 

Level 

I(0) 

1st Difference 

I(1)  

Level 

I(0) 

1st Difference 

I(1) 

Indonesia     
        ln CO2 0.6838 0.0001*** 

 

0.1159 0.0005*** 

 

0.6783 0.0001*** 

 

0.1316 0.0005*** 

ln RGDP 0.6664 0.0018*** 

 

0.5613 0.0082*** 

 

0.6921 0.0018*** 

 

0.7149 0.0079*** 

(ln RGDP)
2 

0.7990 0.0016*** 

 

0.4913 0.0086*** 

 

0.8050 0.0015*** 

 

0.6572 0.0082*** 

ln ENG 0.7503 0.0000*** 

 

0.8047 0.0001*** 

 

0.7347 0.0000*** 

 

0.7955 0.0001*** 

Philippines 

           ln CO2 0.3398 0.0038*** 

 

0.5972 0.0200** 

 

0.4456 0.0037*** 

 

0.7342 0.0195** 

ln RGDP 0.4218 0.0054*** 

 

0.9460 0.0365** 

 

0.8268 0.0633* 

 

0.8851 0.2775 

(ln RGDP)
2 

0.4318 0.0057*** 

 

0.9482 0.0364** 

 

0.8368 0.0639* 

 

0.8916 0.2791 

ln ENG 0.3769 0.0090*** 

 

0.8221 0.0000*** 

 

0.3033 0.0000*** 

 

0.7991 0.0000*** 

Singapore 

           ln CO2 0.7757 0.0001*** 

 

0.7741 0.0001*** 

 

0.7757 0.0001*** 

 

0.8339 0.0000*** 

ln RGDP 0.1594 0.0039*** 

 

0.9796 0.0034*** 

 

0.1562 0.0034*** 

 

0.9795 0.0044*** 

(ln RGDP)
2 

0.2776 0.0029*** 

 

0.9686 0.0041*** 

 

0.2770 0.0025*** 

 

0.9646 0.0054*** 

ln ENG 0.6626 0.0000***   0.7469 0.0001***   0.6626 0.0000***   0.7234 0.0001*** 

 
Notes: * Significant at 10%; **significant at 5%; ***significant at 1%. Equation (1) is estimated by applying ADF test and PP test.
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4.2 Bound Testing 

 

The first step of ARDL approach is to examine the existence of long-run 

relationship between variables for each county in Equation (2) using Ordinary 

Least Squares (OLS). To test the long-run relationship, Wald test has been carried 

out. As annual data are selected in this study, the lag lengths included in this study 

are one and two. According to the test results, it can be concluded that there is a 

cointegration among the series under consideration. The null hypothesis of no 

cointegration is rejected since F-statistics values of all countries are greater than 

upper bound CV at, at least 10% level of significance. The results of F-test for 

ASEAN-3 countries are shown in Table 4.2.  
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Table 4.2: Bounds F-tests for A Cointegration Relationship 

 

Country 
Calculated F-statistic for different lag lengths 

Lag 1 Lag 2 

Indonesia 4.1437 4.4976* 

Philippines 9.4352*** 3.3085 

Singapore 4.4148* 1.3374 

Critical Bounds of F-statistics 

     

 

1% level 5% level 10% level 

k I(0) I(1) I(0) I(1) I(0) I(1) 

3 5.654 6.926 3.936 4.918 3.29 4.176 

 Notes: *denotes rejection of the null hypothesis of no cointegration at 10% 

significance level. **denotes rejection of the null hypothesis of no cointegration at 

5% significance level. ***denotes rejection of the null hypothesis of no 

cointegration at 1% significance level. k denotes the number of regressors. I(0) 

and I(1) denotes lower and upper bound CV respectively. CV derived from the 

table constructed by Narayan (2005): Case IV: Unrestricted intercept and 

restricted trend (see Appendices II). 
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4.3 ARDLs Selection  

  

 Once the long-run relationship is identified, next step is to select the orders 

of ARDL for each country according to Equation (3). The orders selection is 

based on the SBC. The underlying ARDL model which is Equation (3) in this 

study for each country does not suffer from any diagnostic problem (serial 

correlation, normality, heteroscedasticity, and model misspecification). The 

results of diagnostic tests are presented in Table 4.3. According to the results, the 

underlying ARDL models for ASEAN-3 countries rejected the null hypothesis of 

suffer from diagnostic problem at 1% significance level. 

 

Table 4.3: Diagnostic Tests for the Underlying ARDL Models 

 

Country 

Lagrange multiplier statistics  

Serial 

correlation  

Ramsey 

Reset  
Normality  Heteroscedasticity 

Indonesia 0.1609 0.1716 1.1902 2.5055 

Philippines  0.0178 1.6017 0.2351 0.4406 

Singapore 0.2974 0.7949 1.9441 0.0288 

 Notes: * Significant at 10%; **significant at 5%; ***significant at 1%. 
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4.4 Stability Test 

 

After conducted all the diagnostic tests, the stability of the estimated 

coefficients over the period is checked by conducting the CUSUM and 

CUSUMSQ test. Results are shown in Figure 4.1. By observing the CUSUM and 

CUSUMSQ plots, it can be concluded that the coefficients in the regression are 

stable and there is no structural breaks over the period since the plotted graph of 

CUSUM and CUSUMSQ are within the critical bounds of 5% significance level 

for ASEAN-3 countries. 

 

Figure 4.1: CUSUM and CUSUMSQ Plots for the Estimated Coefficient 
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(b) Philippines 

 

                       

                     

(c) Singapore 

 Plot of Cumulative Sum of Recursive
Residuals

 The straight lines represent critical bounds at 5% significance level
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4.5 Long-run Coefficients  

 

The sign of each variable, estimated long-run coefficients as well as the 

order of ARDLs are given in Table 4.4.  

 

 

 4.5.1 Sign of Coefficients 

 

As mentioned, a positive of RGDP and negative of the square of RGDP in 

this model signify the existence of EKC in the respective countries. However, the 

sign of RGDP and the square of RGDP for Indonesia and Philippines are negative 

and positive respectively. This indicates that there is a U-curve relationship 

instead of an inverted U-curve relationship. Therefore Indonesia and Philippines 

do not support the EKC hypothesis. It can be concluded that CO2 emission 

decrease at initial level of economic growth after reaches a turning point increases 

with a higher level of economic growth. Although there is positive sign existed in 

RGDP for Singapore, the sign of the square of RGDP is positive (a U-curve 

relationship) instead of negative (an inverted U-curve relationship). Thus, 

Singapore does not support the EKC hypothesis. Meanwhile, the sign of ENG for 

all countries are consistent with the theory which is positive. The higher level of 

energy used represents greater economic activity which result in more CO2 

emissions. 
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4.5.2 Significance  

 

As expected, the null hypothesis of coefficient of each independent 

variable is significantly rejected at 5% significance level for Indonesia. This result 

is consistent with the Saboori et al. (2012a) study. An increase of 1% in RGDP 

and energy used will cause the CO2 emission to decrease and increase by 5.41% 

and 0.96% respectively. Additionally, energy used for Philippines and Singapore 

are also significant at, at least 10% significance level. This finding is consistent 

with the past researches and theory. With 1% increase in energy used, CO2 

emission will increase by 3.88% and 0.71% in Philippines and Singapore 

respectively. Energy used is concluded to be a statistically significant variable in 

explaining the CO2 emission. 

 

However, this study has encountered the issue of insignificance in RGDP 

for Philippines and Singapore. Based on the research conducted by Grubb et al. 

(2004), the authors stated that the fluctuation in CO2 emission may not be 

necessarily associated with the fluctuation in economic growth as it has to depend 

on the specific political forces and the economy constructed in that country as 

well as the time period. 
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Table 4.4: Long-run Coefficient for Country-specific ARDLs 

 

 

Country (Order of ARDL) 

Independent Variables 

Indonesia Philippines  Singapore 

ARDL(1,0,1,0) ARDL(1,2,0,0) ARDL(1,0,0,0) 

ln RGDP -5.4128** -284.4911 0.4233 

(ln RGDP)
2 

0.4379** 20.2166 0.0477 

ln ENG 0.9647** 3.8828* 0.7061*** 

Constant 10.5074 976.2459 -9.9329 

Trend 0.0002 0.0011 -0.1024*** 

R-Square 0.9854 0.9406 0.8348 

F-stat 302.8577*** 58.8256*** 28.3056*** 

 Notes: * Significant at 10%; **significant at 5%; ***significant at 1%. 

 

 

4.6 Error Correction Model (ECM) 

 

 Lastly, the restricted ECM is estimated to determine whether the short-run 

has been adjusted back to long-run equilibrium by using Equation (4). The 

coefficient estimates of this restricted ECM are given in Table 4.5. The lagged 

ECTs are significant and negative for ASEAN-3 countries. In other words, it can 

be concluded that short-run has been adjusted back to long-run equilibrium. The 

speed of adjustment towards the long-run equilibrium is 54.17% in Indonesia. 

Meanwhile, the speeds of adjustment of Philippines and Singapore are 65.9% and 

16.22% respectively. 
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Table 4.5: Results of ECM for the Underlying ARDL Models 

 

Country 

Short-run Dynamics 

ECTt-1 ∆ ln CO2t-1 ∆ ln RGDPt ∆ ln RGDPt-1 ∆ (ln RGDP)
2

t ∆ ln ENGt ∆Intercept ∆Trend 

Indonesia -0.5417*** - -2.9323*** - 0.3081*** 0.5226*** 5.6922* 0.0001 

Philippines -0.1622* - -45.1435** 0.9945*** 3.2790** 0.6298** 158.3408** -0.0002 

Singapore -0.6590*** - 0.2790 - 0.0315 0.4653*** -6.5454 -0.0675** 

 

Notes: * Significant at 10%; **significant at 5%; ***significant at 1%.  
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4.7 Conclusion 

 

 In short, the conclusion drawn from the estimated results in this study are 

shown in Table 4.4. The results for Indonesia are statistically significant and 

consistent with Saboori et al. (2012a). Also, the energy used is important in 

examining the CO2 emission. The significant negative lagged ECTs indicated that 

short-run has been adjusted back to long-run equilibrium eventually for ASEAN-3 

countries. Limitations and recommendations will be presenting in Chapter 5: 

Conclusion and recommendation. 
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CHAPTER 5: CONCLUSION AND 

RECOMMENDATION 

 

 

5.0 Introduction 

 

Chapter 5 is the final chapter of this study where all of the outcomes will 

be concluded. The major findings from the results will be presented in this 

chapter. In addition, policy implications of this study as well as limitations and 

some possible recommendations for future researchers will be highlighted.  

 

 

5.1 Summary 

 

 The objectives of this study are to examine the cointegration between 

dependent and independent variables and the significance of RGDP and energy 

used on CO2 emission in ASEAN-3 countries. Also, determine the existence of 

EKC in ASEAN-3 countries and examine the integration between short-run and 

long-run are the objectives in this study.  

 

 Based on the results, this study has found that there is a long-run 

relationship in ASEAN-3 countries. Energy used is one of the significant variables 

in examining CO2 emission and it is found to be significant for ASEAN-3 

countries. Meanwhile, the results of Indonesia are most significant among 

ASEAN-3 countries and it is consistent with the past research that is conducted by 

Saboori et al. (2012a). Furthermore, lagged ECTs for all countries are shown to be 

negative and significant. In other words, the short-run has been adjusted back to 

long-run equilibrium. On the other hand, ASEAN-3 countries do not support the 

EKC hypothesis.  
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5.2 Policy Implications of the Study 

 

In this study, RGDP for Indonesia has a significant effect towards CO2 

emission. Thus, it is suggested that government of Indonesia can enforce certain 

environment laws and regulations to address environment-violators and at the 

same time bring any offenders to justice. The policy may include fees or penalty 

on imprudent control on CO2 emission that endanger the health of both the public 

and environment. For instance, government of Indonesia can impose a green tax in 

energy intensive industries since CO2 emission for Indonesia grew the fastest 

among all ASEAN countries from 1980 to 2001 due to the development of energy 

intensive industries in the country (Energy Information Administration, 2004). 

Narayan and Narayan (2010) and Pao and Tsai (2010) also suggested a carbon 

emission tax in their research in energy dependent developing countries. 

 

This study found that, energy used does have a significant effect on CO2 

emission. Thus, efforts to improve efficient energy consumption are essential. For 

starter, government can invest in high-tech machines or more efficient 

mechanisms from countries that are already advance in cleaner energy and 

production. At the same time, a specific team can also be set up to effectively 

monitor whatever mechanisms adopted. According to Shahbaz, Lean, and Shabbir 

(2012), government can effectively control environmental degradation by 

investing in new and energy-saving technology. 
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5.3 Limitations and Recommendations for Future Study 

 

Using aggregated level data is one of the biggest limitations encountered 

in this study. Using aggregated data may lead to a biased result as selected 

countries may consist of many energy intensive industries and different industries 

have different used in energy and contribution of CO2 emission. Energy intensive 

industry is identified as industry that uses huge amount of energy in their process 

and therefore producing high emission. For instance, beef production is 

considered as energy intensive industry as the tumble dryers used in the process is 

an energy intensive appliance. In future, researchers may determine the 

relationship between CO2 emission, RGDP, and energy used in a disaggregate 

level subjected to availability of data. Some researchers who have carried out such 

research at a disaggregated level were Sari, Ewing and Soytas (2008), Ziramba 

(2009), Bowden and Payne (2010), and Payne (2011). 

 

Lastly, the data of energy used in this study may consist of a combination 

of renewable and non-renewable sources of energy used. This may lead to a less 

accurate result. According to Bowden and Payne (2010), there is a positive 

relationship between gases emission and renewable sources of energy used while 

there is a negative relationship between non-renewable sources of energy used. 

Future researches may consider using either form of the energy used for better 

results, depending on objectives and data availability. 
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5.4 Conclusion 

 

In conclusion, this study has achieved all the set of objectives. According 

to the results, RGDP for Indonesia is significant on affecting CO2 emission. Thus, 

government of Indonesia can impose a green tax in energy intensive industries. 

Besides that, government can invest in high-tech machines or more efficient 

mechanisms from countries that are already advance in cleaner energy and 

production. Additionally, this study has encountered the issues of examining in 

aggregate level and combination of the renewable and non-renewable sources of 

energy used. 
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Appendices I 

Indonesia Time Series 

 

                    

                   

Philippines Time Series 
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Singapore Time Series 
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