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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment 

of the requirement for the degree of Doctor of Philosophy 

 

DETERMINANTS AND CONVERGENCE OF CO2 EMISSIONS IN THE 

DEVELOPING ECONOMIES 

 

By 

 

SITI AYU BINTI JALIL 

 

September 2013 

 

Chairman: Professor Muzafar Shah Habibullah, PhD 

Faculty: Economics and Management 

 

 

The year 1991 saw developing countries categorized by the UNFCCC as “Non-

Annex I Countries” which represent the countries held responsible for the rapid 

growth of the world‟s CO2 emissions. The commitment to meet social and economic 

development goals and the pressures of their huge size of the economy, high energy 

consumption, large population and exploding growth rates have intensified the 

growth of carbon emissions in these countries. In this study, a range of factors from 

socio-economic to institutional aspects, are selected for analysis, which based on 

theory and previous empirical studies are identified as the potential determinants of 

carbon emissions. Thus, the first and second objectives of this research are to 

determine the factors affecting the growth of CO2 emissions in the selected 126 

developing countries for the period 1971-2009. The investigation will include 

analysis based on regions i.e. Africa, Latin America and the Caribbean, Middle East 

and North Africa and Asia and the Pacific. The study analyzes a dynamic panel 

model utilizing the Generalized Method of Moments (GMM) technique. The results 

on socio-economic factors found that GDP per capita, energy consumption from 

fossil fuels (EFF), energy usage (EUS), inflows of foreign direct investment (FDI), 

urbanization (URB), industrial production (IND), agriculture production (AGR) and 

level of education (EDU) have shown a highly significant impact on the growth of 

carbon emissions in the entire developing region. All these factors indicated a highly 

significant positive relationship with per capita CO2 emissions except for 

urbanization which had a negative relationship. In all four regions studied, GDP per 

capita and EFF have been illustrated to be the most significant factors affecting 

growth of carbon emissions. 

 

The analysis on institutional aspects is focused on the Kyoto Protocol, political 

stability, legal structure and property rights, corruption and freedom of trade on CO2 
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emissions. The results showed that the Kyoto commitment (Kcom) to be the sole 

indicator with a negative and statistically significant relationship which can be 

interpreted to mean that signing and ratifying the Protocol is not an indication of 

intention to reduce carbon emission. The four institutional factors analyzed did not 

portray any significant relationships with the growth of CO2 emissions in the region.  

 

The final objective was to examine the existence of convergence of the per capita 

CO2 emissions which was crucial to come up with appropriate suggestions for policy 

implementation and the implications of CO2 emissions in the region. Based on the 

Phillips and Sul‟s (2007) log-t model, it is seen that per capita CO2 emission levels 

do converge for the whole developing region. However, on a regional basis, only 

Latin America and the Caribbean exhibited convergence in CO2 per capita while the 

other regions showed a divergence. Nevertheless the three regions which displayed 

divergence portrayed certain characteristics of club convergences. Firstly, only a 

small number of club convergences were identified for each region. Secondly, a 

majority of these countries were in the divergence category. Finally, each of the club 

convergences was found to be in congruence with income classifications. In other 

words high income countries form one club while low income countries form 

another.  

 

The discussion on policy implications was focused on existing policies that could be 

appropriately implemented to control increases in CO2 emissions. The evaluation was 

based on the findings of the determinants in each region and from the perspective of 

the club convergences identified. The findings on all regions indicate that GDP per 

capita and energy consumption from fossil fuel (EFF) have significant effects on 

carbon emissions.  However, energy consumption (EUS) per se was found to 

significant only for the LAC and the Asia-Pacific regions. A uniform policy may 

thus not be suitable to control the problem of emissions in these regions. A better 

method would be to consider each club of countries whose emissions are converging 

to similar levels. According to Burnett (2013) understanding different clubs of 

countries whose emissions are converging at similar levels will help policymakers to 

develop differentiated policies. 

 

Since these nations are highly dependent on fossil fuels, it is best to implement an 

array of energy policies that may have direct or indirect effects on reducing CO2 

emissions (Dinica, 2002). Thus, it is suggested that a good starting point for these 

nations may be to focus on energy conservation policies. Energy conservation 

policies could be in the form of energy savings and introduction of alternative 

sources of energy through participation in CDM projects to promote clean energy 

development such as hydroelectric, geothermal, nuclear, biomass, wind and solar. 

Other policies like deforestation, strengthening regulations and environmental laws 

together with strict enforcement can be implemented in each region or country but 

may depend on their economic circumstances and societal awareness of issues 

related to environmental problems. 

 

This study attempts to meticulously analyze the growth of CO2 emissions in 126 

developing economies that cover one third of the countries in the world. As future 

large emitters these countries‟ efforts to cut CO2 emissions will be vital. The 

researcher found that there has not been any comprehensive analysis of CO2 

emissions involving developing economies on such a big scale. Application of a 
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dynamic panel model such as the generalized method of moments (GMM) 

econometric technique is still relatively new for a scope of study of this size. Further, 

convergence analysis of per capita CO2 emissions is crucial to guide policymakers‟ 

projection models when preparing climate change policy proposals. As such it is 

hoped that any information gained through this study will be helpful for 

policymakers, specifically the scenarios on carbon emissions from the perspective of 

developing countries which may help create awareness that are useful in combating 

the problem of climate change in the future. 
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memenuhi keperluan untuk ijazah Doktor Falsafah 

 

 

PENENTU DAN ANALISIS PENUMPUAN PELEPASAN KARBON 

DIOKSIDA (CO2) DI NEGARA SEDANG MEMBANGUN 

 

 

Oleh 

 

SITI AYU BINTI JALIL 

 

September 2013 

 

Pengerusi: Profesor Muzafar Shah Habibullah, PhD 

Fakulti: Ekonomi dan Pengurusan 

 

Tahun 1991 menyaksikan negara sedang membangun dikategorikan oleh UNFCCC 

sebagai negara “Non-Annex I Countries”, iaitu negara yang boleh 

dipertanggungjawabkan terhadap peningkatan pesat pelepasan karbon dioksida 

dunia. Komitmen untuk memenuhi matlamat pembangunan sosial dan ekonomi 

selain tekanan saiz ekonomi negara yang besar, penggunaan tenaga yang tinggi, 

jumlah penduduk yang besar, dan kadar pertumbuhan ekonomi yang meledak telah 

memperhebat peningkatan pelepasan karbon dioksida di negara-negara ini. Dalam 

kajian ini, beberapa faktor, dari aspek sosioekonomi hingga keinstitusian telah dipilih 

untuk analisis. Berdasarkan teori dan kajian bersifat empirikal terdahulu, faktor-

faktor ini dikenal pasti sebagai penentu yang berkemungkinan terhadap pelepasan 

karbon dioksida. Justeru, objektif pertama dan kedua kajian adalah untuk 

menentukan faktor yang mempengaruhi peningkatan pelepasan CO2 di 126 buah 

negara sedang membangun terpilih bagi tempoh 1971-2009. Tinjauan mencakupi 

analisis berdasarkan rantau, iaitu Afrika; Amerika Latin dan kepulauan Carribean 

(LAC); Timur Tengah - Utara Afrika; serta Asia dan Asia-Pasifik. Kajian ini 

menganalisis model panel dinamik menggunakan teknik “Generalised Method of 

Moments” (GMM). Penemuan berkaitan dengan faktor sosioekonomi mendapati 

bahawa keluaran dalam negeri kasar (KDNK) per kapita, penggunaan tenaga 

daripada bahan api fosil (EFF), penggunaan tenaga (EUS), aliran masuk pelaburan 

langsung asing (FDI), pembandaran (URB), pengeluaran perindustrian (IND), 

pengeluaran pertanian (AGR) dan tahap pendidikan (EDU) menunjukkan kesan yang 

sangat ketara terhadap peningkatan pelepasan karbon di keseluruhan rantau sedang 

membangun ini. Kesemua faktor ini menunjukkan hubungan positif yang ketara 

dengan pelepasan CO2 per kapita kecuali faktor pembandaran yang menunjukkan 

hubungan yang negatif. Di keempat-empat rantau yang dikaji, KDNK per kapita dan 

EFF didapati merupakan faktor paling ketara yang mempengaruhi peningkatan 

pelepasan karbon. 
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Analisis terhadap aspek keinstitusian difokuskan kepada kesan Protokol Kyoto, 

kestabilan politik, struktur undang-undang dan hak harta benda, rasuah dan 

kebebasan perdagangan berkaitan dengan pelepasan CO2. Hasil penemuan kajian 

memperlihatkan komitmen Kyoto (Kcom) sebagai penunjuk tunggal yang 

menggambarkan hubungan yang negatif dan ketara dari segi statistik, yang boleh 

ditafsirkan sebagai membawa maksud bahawa mengesahkan dan menandatangani 

Protokol Kyoto bukanlah penunjuk terhadap hasrat untuk mengurangkan pelepasan 

karbon. Empat faktor keinstitusian yang dianalisis tidak menggambarkan sebarang 

hubungan yang ketara dengan peningkatan pelepasan CO2 di rantau negara sedang 

membangun itu.  

 

Objektif terakhir meneliti kewujudan penumpuan pelepasan CO2 per kapita. Objektif 

ini adalah penting khususnya dalam mengemukakan cadangan yang sesuai bagi 

pelaksanaan dasar dan implikasi pelepasan CO2 di rantau ini. Berdasarkan model log-

t Phillips-Sul (2007), penemuan kajian menunjukkan kewujudan penumpuan dalam 

tahap pelepasan per kapita CO2 bagi keseluruhan rantau negara sedang membangun 

itu. Walau bagaimanapun, berdasarkan rantau, hanya Amerika Latin dan kepulauan 

Caribbean menunjukkan penumpuan dalam pelepasan CO2 manakala rantau Afrika, 

Asia Timur Tengah dan Afrika Utara, dan Asia-Pasifik pula menunjukkan 

pencapahan. Meskipun demikian, ketiga-tiga wilayah yang menunjukkan pencapahan 

menggambarkan ciri-ciri penumpuan kelompok (club convergences) yang tertentu. 

Pertama, hanya beberapa penumpuan kelompok sahaja yang dikenal pasti bagi setiap 

rantau. Kedua, sebahagian besar negara di rantau tersebut tergolong dalam kategori 

pencapahan. Akhir sekali, setiap penumpuan kelompok didapati bersepadan dengan 

kategori pendapatan. Dengan erti kata lain, negara berpendapatan tinggi membentuk 

satu kelompok, manakala negara berpendapatan rendah membentuk suatu kelompok 

lain. 

 

Perbincangan berkaitan dengan implikasi dasar tertumpu pada dasar sedia ada yang 

boleh dilaksanakan dengan sewajarnya untuk mengawal peningkatan pelepasan CO2.  

Penilaian dilakukan berdasarkan penemuan terhadap penentu di setiap rantau dan 

juga dari perspektif penumpuan kelompok yang telah dikenal pasti. Penemuan yang 

diperoleh terhadap semua rantau menunjukkan KDNK per kapita dan penggunaan 

tenaga daripada bahan api fosil (EFF) mempunyai kesan yang ketara terhadap 

pelepasan karbon.  Walau bagaimanapun, penggunaan tenaga (EUS) itu sendiri 

hanya didapati ketara bagi rantau Amerika Latin (LAC) dan Asia Pasifik.  Oleh yang 

demikian, suatu dasar yang seragam mungkin tidak sesuai untuk mengawal masalah 

pelepasan   CO2   di rantau-rantau ini. Cara yang lebih baik ialah mempertimbangkan 

setiap kelompok negara yang penumpuan pelepasannya berada pada tahap yang 

sama.  Menurut Burnett (2013), memahami kelompok negara berbeza yang 

penumpuan pelepasannya berada pada tahap yang sama akan membantu para 

pembuat dasar membangunkan dasar yang terbeza.  

 

Memandangkan negara-negara ini amat bergantung pada bahan api fosil, 

melaksanakan beberapa dasar tenaga yang mungkin memberikan kesan yang 

langsung atau tidak langsung terhadap pengurangan pelepasan  CO2  (Dinica, 2002) 

merupakan langkah yang terbaik. Oleh yang demikian, mungkin langkah permulaan 

baik yang dicadangkan untuk negara-negara ini adalah untuk memfokuskan dasar 

pemuliharaan tenaga. Dasar pemuliharaan tenaga boleh dilaksanakan dalam bentuk 

penjimatan tenaga dan pengenalan sumber tenaga alternatif menerusi penyertaan 
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dalam projek CDM untuk menggalakkan pembangunan tenaga bersih seperti 

hidroelektrik, nuklear, biojisim, angin dan solar. Dasar-dasar lain seperti 

pembasmian hutan, pengukuhan pengawalan dan undang-undang alam sekitar di 

samping penguatkuasaan yang tegas boleh dilaksanakan di setiap rantau atau negara. 

Walau bagaimanapun, ini bergantung pada keadaan ekonomi dan kesedaran sosial 

negara-negara ini terhadap isu-isu yang berkaitan dengan masalah alam sekitar.    

 

Kajian ini berusaha untuk menganalisis dengan teliti peningkatan pelepasan CO2  di 

126 buah negara sedang membangun yang mencakupi satu pertiga daripada negara di 

dunia. Sebagai pelepas CO2  yang besar pada masa hadapan, usaha negara-negara ini 

untuk mengurangkan pelepasan CO2  adalah penting. Pengkaji mendapati bahawa 

belum ada sebarang analisis yang menyeluruh berkaitan dengan pelepasan CO2   

melibatkan negara yang sedang membangun pada skala yang besar. Penggunaan 

model panel dinamik seperti  teknik ekonometrik “Generalised Method of Moments” 

(GMM) secara relatifnya masih baharu bagi skop kajian seluas kajian ini. Tambahan 

pula, analisis penumpuan pelepasan CO2   per kapita adalah penting untuk memandu 

model pengunjuran para pembuat dasar apabila mereka menyediakan cadangan dasar 

perubahan iklim. Oleh hal yang demikian, diharapkan sebarang maklumat yang 

diperoleh menerusi kajian ini akan memberikan manfaat kepada para pembuat dasar, 

khususnya dalam senario berkaitan dengan pelepasan karbon dari perspektif negara 

yang sedang membangun. Maklumat ini juga seterusnya diharapkan dapat membantu 

mewujudkan kesedaran yang berguna dalam menangani masalah perubahan iklim 

pada masa hadapan.  
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background of the Study 

Since the beginning of the year 1990, the world has been expressing concern about 

the issue of climate change, specifically global warming resulting from the effects of 

greenhouse gas emissions. This environmental problem has taken centre stage as it is 

thought to be the world‟s greatest challenge since it threatens the lives of billions of 

people. It has caused ice caps to melt, the sea level to rise and weather behaviour to 

be irregular and difficult to predict (IPCC, 2007). Consequently, all these have 

resulted in a negative impact on the ecosystems as shown by the increasingly 

common occurrence of costly natural disasters such as storms, hurricanes, floods and 

droughts around the world. In the Intergovernmental Panel on Climate Change 

(IPCC) report, it was stated that human activities greatly affect this issue and if not 

addressed quickly the results will be catastrophic (IPCC, 2007). 

 

The high concentration of greenhouse gases in the atmosphere is the main cause of 

the global warming. Among these gases, anthropogenic carbon dioxide (CO2) 

emissions are believed to be the principal factor responsible for the greenhouse 

effect. This fact justifies why CO2 emissions are considered by specialists to be the 

best available indicator of climate change (Carlsson and Lundström, 2003; OECD, 

2007; Quadrelli and Peterson, 2007). In spite of international efforts to reduce the 

atmospheric level of CO2, emissions of this gas is still growing in many countries. 

The issue was thus raised as a serious global issue with the adoption of the Kyoto 

Protocol
1
 on 11 December 1997 in Kyoto, Japan. The United Nations Framework 

Convention on Climate Change (UNFCCC)
2
 is the international environmental treaty 

aimed at fighting global warming and is responsible for the protocol that was set to 

be enforced on 16 February 2005. The Protocol witnessed 37 industrialised countries 

also known as “Annex I countries
3
”, committing themselves on principle to cut their 

greenhouse gas emissions to below the 1990 benchmark level (i.e. 5.2 percent) over a 

five-year period 2008-2012. The six poisonous greenhouse gases emissions which 

are of concern are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and 

three other fluorinated gases hydro fluorocarbons (HFCs), petro fluorocarbons 

(PFCs) and sulphur hexafluoride (SF6).  

 

Basically, it is observed that these emissions arise due to human actions via 

manufacturing activities, power generation plants, transportation activities and also 

agricultural production. Energy is found to be the most important anthropogenic 

source of CO2 emissions (estimated to be about two thirds) and the primary energy 

supply source for the world is fossil fuels, namely coal, oil and natural gas. Coal, 

which is identified to be the highest source of CO2 emissions, has been widely used 

as the cheapest resource for power generation from as early as the beginning of the 

                                                   
1 The Kyoto Protocol was established at the third conference of the parties (COP3) in 1997. 
2 The UNFCCC was founded in 1992 at the “Rio Earth Summit”. 
3 See Appendix 1for the list of Annex 1 countries. 
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industrial age. This has particularly affected developing countries which hold the 

belief that becoming an industrialized nation may improve national income per capita 

and consequently the citizens‟ well-being, the developing countries have made their 

move to achieve their target but at the expense of the environment.  

 

Understanding the needs of developing countries, the majority of which is fall under 

the “Non-Annex I countries” (Table 1.1) category, and their commitment towards 

their social and economic development goals, the Kyoto Protocol has somehow 

adopted a principle of “common but differentiated responsibilities”. Under this 

principle the parties agreed that the per capita emissions and the share of emissions 

of developing countries were still relatively low and thus would be allowed to grow 

so as to meet their social and economic development needs (UNFCCC, 2006). 

However this does not mean that the developing countries should not be responsible 

for their actions as any effects of climate change will likely be most felt by these 

countries, the very countries that are least prepared to deal with them. Hence 

becoming signatories to the Kyoto Protocol also required them to put efforts into 

reducing their CO2 emissions. Despite the fact that the developed countries were 

historically responsible for the largest share of the global greenhouse gases 

emissions, their share is however expected to fall continuously in the coming years. 

Currently, it appears that the pattern of CO2 emissions growth has changed whereby 

since the year 1991, the developing countries have instead been blamed for the rapid 

growth in the world‟s CO2 emissions (Figure 1.1). 

 

Figure 1.2 shows that the developing countries‟ carbon emissions are projected to 

exceed that of the developed countries by the year 2015. Hence, being the next 

potential largest emitters, it is more significant to focus on this Non-Annex I 

countries which are still developing. Majority of these nations belong to the low-

income and lower-middle income groups whilst some are categorized as upper- 

middle income and high-income economies.
4
 Though these countries‟ share of CO2 

emissions per capita is considered as being relatively small, the need to meet their 

social and economic development goals will require them to increase their energy 

consumption and hence it is foreseen that their share of CO2 emissions will continue 

to increase persistently. Over half of the energy-related CO2 emissions growth is 

expected to be from China, Asia and Middle East and about 55 percent of the growth 

from the non-Organization for Economic Co-operation and Development (OECD) 

countries. Furthermore, fossil fuels, especially coal, are recognized to be the major 

source of energy supply in the developing countries apart from oil and natural gas. 

Hence a matter of concern their ability to take effective action in relation to climate 

change due to their heavy dependency on fossil and solid fuels like wood that 

contribute to large carbon emissions (Han and Chatterjee, 1997).   

                                                   
4 See Appendix 3for the list of countries in each income group. 



© C
OPYRIG

HT U
PM

 

 

 

4 

3
 

Table 1.1: List of Non-Annex 1 countries under the Kyoto Protocol 

Afghanistan Bosnia & 

Herzegovina 

Costa Rica Gabon Jordan Maldives Niger Sao Tome & 

Principe 

Swaziland Uzbekistan 

Albania  Botswana  Côte d‟Ivoire Gambia Kazakhstan Mali Nigeria Saudi Arabia Syrian Arab Rep. Vanuatu 

Algeria Brazil Croatia Georgia Kenya Marshall Islands Niue Senegal Tajikistan Venezuela, RB 

Angola Brunei 

Darussalam 

Cuba Ghana Kiribati Mauritania Oman Serbia Tanzania, Un. 

Rep. 

Vietnam 

Antigua & 

Barbuda 

Burkina Faso Cyprus Grenada Kuwait Mauritius Pakistan Seychelles Thailand Yemen 

Argentina Burundi Congo, DR Guatemala Kyrgyzstan Mexico Palau Sierra Leone Timor-Leste Zambia 

Armenia Cambodia Djibouti Guinea Lao PDR Micronesia, Fed. 

Sts. 

Panama Singapore Togo Zimbabwe 

Azerbaijan Cameroon Dominica Guinea-Bissau Lebanon Mongolia Papua New 

Guinea 

Solomon Islands Tonga  

Bahamas Cape Verde Dominican 

Republic 

Guyana Lesotho Montenegro Paraguay Somalia Trinidad & 

Tobago 

 

Bahrain Central African 

Republic 

Ecuador Haiti Liberia Morocco Peru South Africa Tunisia  

Bangladesh  Chad Egypt Honduras Libya Mozambique Philippines Sri Lanka Turkmenistan  

Barbados Chile El Salvador India Lithuania Myanmar Qatar St. Kitts & Nevis Tuvalu  

Belize China Equatorial Guinea Indonesia Macedonia, 

FYR* 

Namibia Republic of Korea St. Lucia Uganda  

Benin Colombia Eritrea Iran, Islamic 

Republic 

Madagascar Nauru Rwanda St. Vincent & the 

Grenadines 

Un. Arab Emirates 

(UAE) 
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Bhutan Comoros Ethiopia Iraq Malawi Nepal Samoa Sudan Ukraine  

Bolivia Cook Islands Fiji Jamaica Malaysia Nicaragua San Marino Suriname Uruguay  

 

Source: United Nations Framework Convention on Climate Change (UNFCCC). 
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1973: 15,643 Mt of CO2                                                                                         2008: 29,381 Mt of CO2 

Figure 1.1: Regional Shares of CO2 emissions in 1973 and 2008 

(Source: International Energy Agency (IEA) - Key World Energy Statistics 2009) 

Notes: Asia*** excludes China. 

World includes international aviation and international marine bunkers, together shown as Bunkers CO2 emissions are fuel combustion only. 
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Figure 1.2: Total Greenhouse Gas Emissions by Region
5
 

(Source: http://epa.gov/climatechange/emissions/globalghg.html) 

Another central issue that needs to be addressed is how the developing countries can 

be made to play a greater role in future climate talks (Rong, 2010), particularly the 

„Basic Four‟ nations, referring to Brazil, South Africa, India and China.
6
 The 

pressure is due to their large population, huge economic size, high energy 

consumption and, more importantly, their rapid growth rates which may 

consequently accelerate the growth of CO2 emissions. The current lack of any form 

of legal agreement to control their emissions may cause them to take tackling this 

issue lightly. Their commitment is however vital to reduce future emissions levels. 

Figure 1.1, shows that the regional shares of CO2 emissions from fuel combustion in 

developing nations, namely from Asia (include China), Middle East, Latin America 

and Africa, has increased tremendously from 14.3 percent in 1973 to 44.3 percent in 

2008. Table 1.2 divides the non-Annex 1 party into five different panels or regions: 

Africa, Latin America and the Caribbean, Middle East and North Africa, South Asia 

and East Asia and Pacific.  

                                                   
5Reference: (1) SGM Energy Modeling Forum EMF-21 Projections, Energy Journal Special 

Issue, in press, reference case CO2 projections. (2) Non-CO2 emissions are from EPA's Global 

Anthropogenic Emissions of Non-CO2 Greenhouse Gases 1990-2020. 
6 Brazil, South Africa, India and China are non-Annex 1 countries. 
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Table 1.2:  List of Non-Annex 1 countries representing the five regions 
 

*** Countries of non-party to Kyoto Protocol.   **Countries are not parties of UNFCCC.  

Source: UNFCCC and the World Bank Data.  

Africa 
 

Latin America & the 

Caribbean 

Middle East & 

North Africa 

South Asia East Asia & Pacific 

Angola Antigua & Barbuda Algeria Afghanistan*** Brunei  

Benin Argentina Bahrain Bangladesh Cambodia 

Botswana  Belize Djibouti Bhutan China 

Burkina Faso Bolivia Egypt India Fiji 

Burundi Brazil Iran Maldives Indonesia 

Cameroon Chile Iraq Nepal Kiribati 

Cape Verde Colombia Jordan Pakistan Republic of Korea 

Central African Rep. Costa Rica Kuwait Sri Lanka Lao PDR 

Chad Cuba Lebanon  Malaysia 

Comoros Dominica Libya  Marshall Islands 

Congo, DR Dominican Rep. Morocco  Micronesia,Fed.Sts. 

Côte d‟Ivoire Ecuador Oman  Mongolia 

Equatorial Guinea  El Salvador Qatar  Myanmar 

Eritrea Grenada Saudi Arabia  Palau 

Ethiopia Guatemala Syria  Papua New Guinea 

Gabon Guyana Tunisia  Philippines 

Gambia Haiti UAE  Samoa 

Ghana Honduras Yemen  Solomon Islands 

Guinea Jamaica   Singapore 

Guinea-Bissau Mexico   Thailand  

Kenya Nicaragua   Timor-Leste 

Lesotho** Panama   Tonga 

Liberia** Paraguay   Vanuatu 

Madagascar Peru   Vietnam 

Malawi St. Kitts & Nevis    

Mali St. Vincent & the 
Grenadines 

   

Mauritania Suriname    

Mauritius Trinidad & Tobago    

Mozambique Uruguay    

Namibia Venezuela, RB    

Niger     

Nigeria     

Rwanda     

Sao Tome & Principe     

Senegal     

Seychelles     

Sierra Leone     

Somalia***     

South Africa     

Sudan     

Swaziland     

Tanzania     

Togo     

Uganda     

Zambia     

Zimbabwe     
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1.2 The Kyoto Protocol, Institutional Factors and CO2 Emissions  

Adoption of the Kyoto Protocol is the first step which shows the seriousness of the 

UNFCCC to fight global warming and the commitment of Annex 1 countries to 

reduce GHG emissions. The prime objective of this protocol is to establish a legally 

binding international agreement which requires participating countries to be 

committed in dealing with the issue of global warming and greenhouse gases. 

Although non-Annex 1 countries do not have the same commitment as the Annex 1 

countries, their participation in the Kyoto Protocol is vital and necessary and thus a 

majority of them have signed and ratified the treaty.
7
  

 

De Zeeuw (2008) compared the Kyoto Protocol (1997) which serves to reduce 

greenhouse gas emissions, with the Montreal Protocol (1987), which serves to phase 

out chlorofluorocarbons (CFCs) which are blamed for causing the depletion of the 

ozone layer. The two protocols differ in terms of the number of countries which have 

signed and ratified the treaties whereby the Montreal Protocol saw participation by 

181 countries whilst the Kyoto Protocol in its first phase was much smaller with only 

40 countries (Annex I parties). After the withdrawal of the USA from the Kyoto 

Protocol in 2001, due to its government‟s belief that the requirements of the treaty 

would be too costly to implement and would not effectively deal with the problem 

because many large polluters such as China are excluded, it has been argued that the 

basis of this agreement is very weak. Even after Russia ratified the protocol and the 

treaty became effective on 16 February 2005, there were arguments raised about the 

stability of the coalitions. Why the emphasis on Annex I countries specifically? This 

is because the parties of the UNFCCC commonly agreed that GHG emissions 

originated in developed countries and hence they are responsible for the largest share 

of current global emissions. There is also an argument that the main contributor to 

damage is from the level of the stock of greenhouse gases and not the level of 

emissions as agreed in the Kyoto Protocol treaty (De Zeeuw, 2008). 
 

In taking the lead to initiate cutting GHGs the developed countries showed their 

commitment by coming up with national or joint reduction targets (formally known 

as “limitation and quantified emission reduction objectives” (QELRO)) as stated in 

Article 4.1. The European Union has set a target for a joint reduction of 8 percent, 

Japan set theirs at 6 percent, Russia at 0 percent and the United States, a non-

signatory, at 7 percent. Conversely the treaty permits Australia and Iceland to 

increase emissions to 8 percent and 10 percent respectively. Under the Kyoto 

Protocol, 39 of the 40 Annex 1 countries pledged their 2012 first round 

commitments. Thirty four of them committed to reduce their greenhouse gases level 

in relation to their 1990 emission levels.
8
 Unfortunately many perceive the Kyoto 

Protocol as having failed simply because in 2011 many countries were still far from 

achieving the targeted CO2 emissions reductions. However this does not mean that 

the protocol has been completely unsuccessful (Aichele and Felbermayr, 2011).
9
 

 

                                                   
7 See Appendix 10a and 10b. Afghanistan is non-party to the Kyoto Protocol (refer Table 1.2). 
8 See Appendix 4 (ii) for the list of Annex 1 countries commitments. 
9 Aichele, R. and Felbermayr, G. (2011). What a difference Kyoto made: Evidence from instrumental 

variables estimation. Ifo Working Paper No. 102 June 2011. Institute for Economic Research at the 

University of Munich. 
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Any feasible solution to the challenge of stabilizing global emissions concentrations 

needs to involve both richer countries and developing economies (Duro and Padila, 

2006). To ensure active involvement and cooperation of both developed and 

developing economies, under the first Kyoto Protocol it was agreed that developing 

countries were not subject to quantitative emission reduction commitments but to 

limit their emissions and thus the CDM was designed. The CDM seems to be the 

only link between the Kyoto Protocol and developing countries whereby its 

workability will help ensure the effectiveness of the Kyoto Protocol and developing 

countries‟ willingness to participate in a future global emissions regime (Sari and 

Meyers, 1999). It is a “project-based mechanism” proposed under article 12 of the 

Kyoto Protocol intended to encourage Annex 1 countries to meet their emission caps 

and to invest and finance projects and programs in developing countries that are 

parties to the Kyoto Protocol which are vulnerable to the adverse effects of climate 

change. Annex 1 countries may earn certified emission reductions (CERs) credits 

whereby 2 percent is levied on CERs issued by CDM as a form of income for the 

UNFCCC Adaptation Fund.  

 

 
 

 

 

 

 

 

 

 

 

Figure 1.3: Registered Project Activities by Host Party 

(Source: Clean Development Mechanism (CDM) Annual Report 2010)  

 

Essentially the idea behind this mechanism is to stimulate sustainable development 

and reduce emissions of GHGs and at the same time give Annex 1 countries the 

opportunity to meet their emission reduction targets. So far most of the CDM 

projects‟ with active participation from Annex II countries are mainly in China, 

India, Brazil, Mexico, Malaysia, Indonesia and Republic of Korea besides a number -  

in Pakistan, Vietnam, Philippines, Thailand and Egypt (Figure 1.3).
10

  The types of 

projects activities registered range from large scale (56.20 percent) to small scale 

(43.80 percent)
11

 investments and also include the estimated amount of emission 

reductions of CO2 equivalent per annum which must be stated by the project 

participants. The CDM annual report stated that there are CDM projects activities in 

                                                   
10 Refer to Issuance of CERs at http://unfccc.int. 
11 CDM Executive Board Annual Report 2010. 
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about 70 countries but the registered projects worldwide are concentrated only in a 

few countries – 50 countries have fewer than 10 projects and 21 countries just one 

project. 

 

Alvarez-Diaz et al. (2011) stated that there are extensive empirical studies examining 

the possible factors contributing to the increasing level of CO2 emissions which 

focus on the role of production and economic growth. Nevertheless it seems 

reasonable to consider other factors as well to be included in the analysis of the CO2 

emissions. Interestingly North (1994) drew attention to the importance of including 

the institutional structure of production in analyzing economic performance; hence 

projecting the ideas that the institutional structure could be of relevance apart from 

the common economic factors, to explain the phenomenon of rising concentrations of 

CO2 emissions. Accordingly, Alvarez-Diaz et al. (2011) focused on the role of 

organizational and institutional factors as the determinants of CO2 emissions in an 

effort to open the „„black box‟‟ in this study.  Though the institutional factors should 

be taken to be of relevance in understanding the level of CO2 emissions across 

countries, unfortunately factors such as political stability or reforms, economic 

freedom, corruption and democracy are not widely investigated. Majority of the 

studies conducted whether theoretically or empirically, emphasize mainly on their 

association with the economic growth of a nation rather than its environmental 

quality.  

 

Farzin and Bond (2006) stated in their study, and most authors tend to agree that the 

relationship between environmental quality and economic development is of 

significance and should not be isolated from political institutions that function as the 

policy makers in a particular country.  It is somehow a norm to assume that 

government institutions in developing countries are weaker, inefficient and more 

corrupt than those in developed countries as it has unmistakably been proven to be 

true for the large developing countries that are experiencing explosive economic 

growth such as China, Indonesia and India whereby their corruption levels are 

notoriously above those prevailing in developed countries (Lopez and Mitra, 2000). 

As Farzin and Bond (2006) concluded, as long as demand for environmental quality 

is deemed to be a public good in a given country, a structural system that accounts 

for feedbacks between the economy, environment, and institutions, although it could 

be somewhat complex, might help to provide valuable insights for formulation of 

environmental policy. To complement this further the convention framework on 

climate change should have a set of institutions that does not only involve 

international governmental organizations but also national governments, research or 

private institutions, and non-profit and nongovernmental organizations which Dutt 

(2009) describes as “a set of mechanisms and institutions that govern environmental 

outcomes on an international level”.  

 

Although environmental degradation problems were initially detected and 

experienced by developed nations, this complex problem will inevitably be 

exacerbated by the rightful aspirations of those countries that are currently going 

through the initial stages of traditional industrialization (Mielnik and Goldemberg, 

2000). The World Bank Annual Report 2010 thus urges developed countries that 

produced most of the greenhouse gas emissions in the past to act now to shape the 

future world climate by ramping up funding for adaptation and mitigation in 
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developing countries, where most future growth in emissions will occur.
12

 Since 

majority of these countries are dependent on fossil fuels to generate their energy, 

mitigation actions are called for. Different developing countries may have different 

mitigation capabilities so as to cater to their economic structure. Since climate 

change issues are so important to the developing world, the World Bank itself has 

integrated them into all of its new sector strategies and intensified its efforts to 

support climate risk management in its core operations (World Bank Annual Report, 

2010).  

 

1.3 Overview of CO2 Emissions Trend: Global and the Five Regions 

CO2 or carbon dioxide is the major greenhouse gas pollutant contributing 

significantly, estimated to be about 60 percent, to the world‟s atmosphere.  The 

combustion of fossil fuels is identified to have emitted excessive amounts of this 

particular greenhouse gas; CO2 is thus classified as the main driver behind the 

world‟s problem of global warming. Scientists commonly believe that CO2 emissions 

result from the extensive usage of fossil fuels to generate energy due to human 

economic activities. So long as worldwide economic stability and development 

require energy, and the world depends on these fossil fuels (in 2011 fossil fuels 

accounted for about 82 percent of the world‟s shares of primary energy use)
13

 to 

generate energy, the problem of CO2 emissions growth will persist. 

 

World 

The world emissions of carbon from the consumption of fossil fuels and cement 

production grew rapidly in the mid70s (Figure 1.5a). The burning of fossil fuels 

alone released around 21.3 billion tons of carbon dioxide annually. Out of this 

estimated amount natural processes are only able to absorb about half, so there is a 

net annual increase of 10.65 billion tons of atmospheric carbon dioxide. A UNFCCC 

report in 2007 identified the top thirty emitters of CO2 emissions in the world.  The 

developing countries were found to constitute 50 percent of the top thirty emitters 

with China and India being the top two largest emitters followed by South Korea, 

Iran and Mexico. It is also interesting to note that three ASEAN
14

 members, 

Indonesia, Thailand and Malaysia are listed among the top thirty emitters.
15

 

 

In 2007 there was an all-time high increase in emissions, i.e. 8365 million metric 

tons of carbon representing an increase of 1.7 percent from 2006. The dramatic 

increase in emissions was contributed by developing countries with their high 

demand for coal and, oil and gas energy-intensive industrial production. However the 

share from developed countries shrank from 61 percent in 1971 to 47 percent in 1990 

and reduced further to 39 percent in 2007. Between 2007 and 2008, global CO2 

emissions increased by 0.4 Gt corresponding to a growth rate of 1.5 percent. For the 

first time in 2008, the aggregate emissions of the developing countries were larger 

than those from the developed countries indicating diverging trends. As illustrated by 

Figure 1.4, emissions from Annex I countries decreased by more than 2 percent, 

whereas emissions of non-Annex I countries increased by almost 6 percent. In 

                                                   
12 The World Bank Annual Report 2010.  
13 According to US Energy Information Administration (EIA). 
14 Association of the South East Asian Nation (ASEAN). 
15 See Appendix 5 for the list of 30 top emitters in 2007. 

http://en.wikipedia.org/wiki/Tones


© C
OPYRIG

HT U
PM

 

11 

 

 

analyzing the comparative global change in CO2 emissions between 2006-07 and 

2007-08, it was seen that the total consumption of fossil fuels particularly demand 

for coal by non-Annex 1 countries had increased in 2007-08 whereas the Annex 1 

countries showed a decrease which implied that this was the main cause for the 

increase in emissions in developing countries. Hence it is not surprising to see that at 

the regional level, as reported by the IEA, CO2 emissions had increased significantly 

in China (8 percent), the Middle East (7 percent), other Asian countries (4 percent) 

and Latin America (4 percent).
16

 

 

Africa 

Between 1980 to 2001, Africa‟s per capita  CO2 emissions rate declined by 5 percent 
whereby the region‟s absolute CO2 emissions as well as per capita carbon dioxide 

emissions rate were the lowest in the world in 2001(Figure 1.5b). Though fossil-fuel 

CO2 emissions in Africa are low, the member countries‟ total emissions had 

increased 12-fold, touching 310 million metric tons of carbon in 2007. Africa has 

very low carbon dioxide emissions because of its lack of a large transportation 

sector, combined with relatively low rates of electrification, appliance penetration, 

and industrialization. South Africa is the region‟s major carbon emitter, accounting 

for 61 percent of Africa‟s total carbon dioxide emissions in the year 2001. On the 

other hand Nigeria whose population is three times larger than that of South Africa 

has carbon dioxide emissions growing modestly, at an average of 1.0 percent a year. 

This reflects the relative absence of industrial development in the country. Both 

countries released the most carbon per dollar of GDP throughout the 1980s and 

1990s, implying that these are respectively, the most industrialized (South Africa) 

and largest energy producing (Nigeria) nations in Africa. 

 

Latin America and the Caribbean 

Popularly known as the "Developing America," the region‟s fossil-fuel emissions 

have grown almost ten-fold since 1950 reaching 435 million metric tons of carbon in 

2007. Annual regional per capita CO2 emissions doubled between 1950 and 1973 and 

have grown modestly since. Between 1980 and 2001, Latin American CO2 emissions 

grew by 54 percent, an average of 2.1 percent annually with Mexico and Brazil 

accounting for 52.7 percent of the 2007 regional total carbon emissions, emitting 

more than 100 million metric tons of carbon (Figure 1.5c). The two countries also 

appear to be among the top 20 fossil-fuel CO2 emitting countries in the world (Table 

1.2). Other countries in the region emitting more than 10 million metric tons of 

carbon annually are Argentina, Venezuela, Chile, Columbia, Peru and Trinidad and 

Tobago. The Caribbean islands, which comprise Netherland Antilles and, Trinidad 

and Tobago have high per capita emissions exceeding 6.0 metric tons of carbon per 

person per year. 

 

Middle East and North Africa 

 

Though the region contributes a large fraction of the world's oil their energy 

consumption from fossil fuels and cement produce only 6.2 percent of the global 

CO2 emissions.  The Middle East exhibited a dramatic singularity of CO2 emissions 

                                                   
16 CO2 Emissions from Fuel Combustion Highlights (2010 Edition). 

http://cdiac.ornl.gov/trends/emis/tre_tp20.html


© C
OPYRIG

HT U
PM

 

 

 

1
2
 

 

Figure 1.4: Comparison of Global Change in CO2 Emissions between 2006-07 and 2007-08 

(Source: IEA Statistics 2009 & 2010 Editions) 
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in 1991 during the Kuwaiti oil field fires which caused 130 million metric tons of 

carbon to be released into the atmosphere. In contrast the region‟s three major fuel 

consumers discharged 65 percent of the region's fossil-fuel CO2 in 2007: Iran, 135.3 

million metric tons of carbon and Saudi Arabia, 109.7 million metric tons of carbon. 

Gas flaring was a major source of regional emissions accounting for almost half of 

the total fossil-fuel CO2 emissions in the region before infrastructure became 

available for gas use and reinjection. Growth in emissions has been nearly 

continuous since 1950, although it started from a very low base. Despite rapid 

growth in per capita emissions until 1973, in the late 1970s and 1980s there was not 

much changes, but it began to grow again during the 1990s exceeding the global 

average (Figure 1.5d). Four Middle Eastern countries are listed among the five 

highest national per capita CO2 emission rates in the world for 2007 - Qatar (14.03 

metric tons of carbon per person), Kuwait (9.30), United Arab Emirates (8.44), and 

Bahrain (8.06). 

 

South Asia 

 

Representing South Asia are Afghanistan, Bangladesh, Bhutan, India, Maldives, 

Nepal, Pakistan and Sri Lanka, which show a more stable upward trend of per capita 

CO2 emission rates (Figure 1.5e). Per capita emissions in the region are below 1.0 

metric tons with Afghanistan starting as low as 0.01 metric ton of carbon per person 

per year. Starting from 1998, the region touched per capita emission of 1.0 metric ton 

and the rate has continued to rise steadily. Of all the seven nations, India has shown a 

remarkable growth in CO2 emissions accounting for nearly 5 percent of global 

emissions and is ranked 3rd highest top emitters (see Appendix 5). Although over 62 

percent of the region's coal consumption is in India its per capita emission is still the 

lowest, recorded at 1.2 metric ton in 2007.  

 

East Asia and Pacific 

 

Carbon dioxide emissions grew substantially in this region between 1980 and 2001, 

rising by 151 percent or 4.5 percent annually (Figure 1.5f). The bulk of the region‟s 

carbon dioxide emissions come from its populous giant, China. In 2007 China was 

the number one top emitter accounting for 22.3 percent of the total global emissions 

(see Appendix 5). The Far East‟s emissions however showed a drop for the first time 

between 1997 and 1998 ending fifty years of growth averaging at approximately 7 

percent per year. CO2 emissions in 2007 exceeded  one  billion  metric  tons  of  

carbon,  a  36-fold  increase  over  the    1950 emission level. The emissions growth 

since 1948 in this region reflects not only the growth in South Korea and Indonesia, 

but also in Thailand, Taiwan, Malaysia, Philippines, Singapore and other less 

populous nations.
17

 Indonesia was ranked 15th and Thailand ranked 23rd in the list 

of top CO2 emitters, both of which showed the fastest growth among the developing 

Asian countries between 1980 and 2001 indicating that these two countries‟ had 

developed their energy-intensive industries (see Appendix 5). Meanwhile South 

Korea the most developed nations in the region, was ranked 9th. Coal is still the 

major source of fossil-fuel CO2 in the region. 

 

 

                                                   
17 South Korea is categorized as high income economies (see Appendix 3). 
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Figure 1.5(d) Middle East and North Africa                     Figure 1.5(e) South Asia                          Figure 1.5(f) East Asia and Pacific 

 

 

Figure 1.5: Per Capita CO2 Emissions (metric tons) for the World and the Five Developing Regions  

(Source: Carbon Dioxide Information Analysis Centre (CDIAC) for the World Bank) 
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1.4 Problem Statement 

The Non-Annex I countries are still developing and economic growth is the key 

ingredient to improve their people‟s standard of living a better quality life. Since 

economic growth plays a critical role in these countries which are striving to be 

among the high income economies, they are thus reluctant to make any commitments 

under the Kyoto Protocol as they oppose any measure to reduce greenhouse gas 

emissions that might constrain their economic development (Mielnik and 

Goldemberg, 2000). Understanding the stance of these countries, the Kyoto parties 

agreed that the share of global emissions originating in developing countries will be 

allowed to grow to meet social and development needs (UNFCCC). The problem 

however is that to achieve such economic development will be at the expense of the 

environment. The fact is that the growth of CO2 emissions in years to come is 

expected to be largely contributed by the developing countries. As reported by 

Hohne et al. (2003) emissions of Non-Annex I parties are increasing rapidly and CO2 

emissions from fossil fuels are expected to overtake those of Annex I countries in the 

coming decades. In addition deforestation activities have also contributed largely to 

the CO2 emissions of developing countries.
18

 

 

The UNFCCC reports that these non-Annex 1 countries emit 63 per cent of CO2, 26 

percent of methane and 11 percent of N2O. Consequently controlling the developing 

countries‟ CO2 emissions is widely recognized as being important for at least three 

reasons: firstly, because of their anticipated growing share of global emissions 

throughout the 21
st
 century; secondly, because of the concerns expressed by 

developing countries policy makers and negotiators that the restraint of CO2 

emissions could threaten their economic development prospects; and thirdly, because 

of the possible vulnerability of many developing countries especially low-lying and 

island nations, to the future effects of global warming (Pearson and Fouquet, 1996). 

The reasons given are acceptable and though there are those who argued that 

economic growth involves an increase in emissions of carbon dioxide any attempt to 

curtail emissions would restrict their economic growth (The Russia Journal, 2003). 

Thus it is crucial to investigate the relationship between economic growth and CO2 

emissions of the developing countries. 

 

Though the question of whether there is a linkage between CO2 emissions and 

economic development has been established, much of the argument that arises 

among researchers is regarding the direction of causality between the two variables. 

As hypothesized by the Environmental Kuznets Curve (EKC) theory as income per 

capita increases so does pollutants emissions per capita but beyond a certain level of 

income the growth in pollutants flattens out before it starts to decrease as income 

increases further. Additionally there are several other key and significant 

macroeconomic variables that have also been investigated linking them with CO2 

emissions. The question on what determines global CO2 emissions is a much 

discussed issue and different researchers have come up with different factors to 

explain the phenomenon.  

 

                                                   
18 Höhne, N., Galleguillos, C., Blok, K., Harnisch, J., Phylipsen, D., 2003. Evolution of Commitments 

under the UNFCCC: Involving Newly Industrialized Countries and Developing countries. Research 

Report 20141255, UBA-FB 000412. Ecofys, Berlin, Germany. 
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Factors or determinants such as energy usage as well as macroeconomic variables for 

instance gross domestic product (GDP), foreign trade, trade openness and 

demographic factors like population and urbanization are relevant and are commonly 

and widely investigated in different studies.  It should be noted that there could be 

other essential factors that could be observed and possibly have implications on 

governing the level of emissions, such as the level of education, percentage of power 

production based on fossil fuels, the institutional framework like the Kyoto protocol, 

political stability, economic freedom and corruption and the economic structure of 

these countries for instance the ratio of industry to agriculture. So far the consensus 

on this issue is rather inconclusive as findings were inconsistent among the advanced 

nations. It is observed that there is also limited understanding of the effects of the 

economic development process on CO2 emissions and the study of the effect of 

institutional factors on emissions in a majority of the non-Annex 1 countries.  

 

A typical conservative view is to blame the problem primarily on increasing energy 

consumption and this is undeniable because the energy sector has been identified to 

be the largest source of CO2 emissions for developing countries since the late 1980s. 

Even the report made by 122 non-Annex 1 countries for the year 1994 saw 70 parties 

claiming that the energy sector was the largest source of CO2 emissions whereas only 

45 parties stated that it was the agriculture sector.
19

 In spite of substantial growing 

number of research studies conducted on developing countries, both scientific and 

policy studies, these have been concentrated more on a specific countries which 

show remarkable economic growth and most populated nations such as China, India, 

Brazil, Indonesia, South Korea and Mexico. So covering as many of these 

developing countries that are parties of non-Annex 1 as possible is crucial in 

understanding the patterns and the key determinants of CO2 emissions in each of the 

five regions and the overall developing region. Thus the essence of this research is to 

analyze the main driving factors affecting change in CO2 emissions for the five 

regions of the non-Annex 1 parties. It is hoped that the findings may help provide 

more effective policy solutions. It is understood that the potential severe 

consequences of global warming which is climate changes can be harmful to the 

world population, governments and nongovernmental efforts to mitigate and adapt to 

these consequences have increased and become more apparent.  

 

Alvarez-Diaz et al. (2009) stated that the need to understand the complex process of 

climate change implies the need to examine all possible determinants of CO2 

emissions. Thus an institutional framework that features an international panel is 

crucial not only to monitor global environmental impacts, guide policies and 

measures but also more significantly to coordinate constituencies as well as generate 

information and knowledge.  In line with this international negotiation like the 1997 

Kyoto Protocol have laid out a modest set of mandatory reductions in GHG 

emissions by developed countries and subsequently followed by developing 

countries. The long delay between the adoption and enforcement of the protocol is 

mainly due to the question of which countries should have binding emission 

reduction obligations and the estimated costs of these obligations. Furthermore there 

is a question on how to incorporate and support developing countries, which did not 

account for a big share of emissions in 1997 but soon will, like China which showed 

strong increases in emissions in recent years (Grunewald and Martinez-Zarzoso, 

                                                   
19 http://en.wikipedia.org/wiki/Kyoto_Protocol 
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2009). This was the concern brought up by the United States during the era of the 

Clinton Administration where they declined to submit the Kyoto Protocol ratification 

to the senate if key developing countries did not show “meaningful participation” to 

limit GHG emissions (Eizenstat, 1998)
20

.  

 

Being the future largest emitters with a huge population, the developing countries‟ 

efforts and roles in addressing the issues at international, national and local levels are 

seen to be very significant. Signing and ratifying the Kyoto Protocol is a start but 

may not be sufficient if a strong legal framework to regulate drivers and quell 

environmental degradation are not there to support the system. Further, currently the 

protocol does not feature global participation and hence any efforts by the Kyoto 

signatories on carbon emission abatement may not be effective if these non-

participating countries are not responsive in cutting their carbon emissions as well 

and this may end up offsetting the efforts made by the coalition of Kyoto countries 

(Silva and Zhu, 2009). It is also observed that each of these five regions differ in 

terms of their economic freedom, political or government stability and level of 

corruption. Thus it is just as essential to investigate whether these institutional factors 

play a relevant role in affecting the level of CO2 emissions in each region.   

 

In order to control the rise in the level of CO2 emissions, there is certainly a need for 

appropriate environmental and energy policies and full support from those 

responsible nations that choose to participate and abide by the Kyoto treaty to ensure 

its success. Thus to begin with it is essential firstly to collect information, understand 

and then examine thoroughly the geographical distribution of CO2 emissions in each 

of the five regions of the developing countries so that policymakers can study the 

impact of environmental policies implemented. The question also arises on whether 

convergence of CO2 emissions could occur similar to income and hence could be 

thought to be a part of economic growth. Convergence in relative CO2 emissions 

implies that countries are not following independent paths in pollution control, but 

are collectively moving towards a common standard of environmental performance 

(Lee and Chang, 2008). If this holds true then, it becomes clear that global CO2 

emissions should be reduced significantly and per capita emissions should gradually 

move toward further convergence (Bohringer and Welsch, 2004). Hence the focus on 

examining the existence of convergence of CO2 emissions among developing 

countries is essential so as to clarify whether a common energy and environmental 

policy is reasonable to be applied to these countries. In addition, if convergence 

exists in these regions it would help to avoid the need for substantial resources 

transfers. 

 

Specifically, this study aims to examine the following research questions: What was 

the growth pattern of CO2 emissions during the period 1971 to 2009 in the four 

regions? What are the key factors or sources of determinants which contributed to the 

growth of CO2 emissions during the period? Does energy usage or energy 

consumption generated by fossil fuels per se portray the most significant determinant 

in contributing to the growth of CO2 emissions? Is the Kyoto Protocol sufficient in 

providing a platform to monitor the level of CO2 emissions emitted by its members? 

Is the Kyoto Protocol able to attract participations by developing countries in its 

program? Do institutional factors such as political stability, legal structure and 

                                                   
20 United States had signed in 12 November 1998 but were not intending to ratify the Kyoto Protocol 

until now. 
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property rights, corruption and freedom of trade show significant effects on the 

growth of CO2 emissions? Do per capita CO2 emissions levels converge among the 

countries in the four regions and the whole developing region? Is the speed of the 

convergence rate identified more or less similar in all the regions compared with the 

whole developing region? Is it possible to determine clearly whether the groups of 

countries converge to different equilibriums? Can club convergences be determined 

without doubt among the countries in the four regions and the whole developing 

region if divergence occurs? Do the club convergences identified represent certain 

distinct characteristics which demonstrate the differences between each other? 

 

1.5 Objectives of the Study 

The general purpose of this study is to investigate and analyze the growth of CO2 

emissions in the 4-regions of non-Annex 1 countries within the time frame of 1971-

2009. These nations may differ in terms of income per capita but are similar as they 

are considered by the World Bank to be developing countries and the UNFCCC 

classifies them as members of the non-Annex 1 party. 

The objectives of this study specifically aim: 

 

1. To determine the factors affecting CO2 emissions in selected developing 

countries and four regions i.e. Latin America and the Caribbean, Africa, 

the Middle East and North Africa and the Asia-Pacific economies. 

2. To examine the significance of the Kyoto Protocol and institutional 

factors such as political stability, legal structure and property rights, 

corruption and freedom of trade on the countries‟ level of CO2 emissions.  

3. To investigate the existence of convergence of per capita CO2 emissions 

in these regions and the whole developing region. 

 

1.6 Significance of the Study 

The developing countries have shown remarkable economic growth over the past 

decade. At the same time the growth was accompanied by a rapid increase in CO2 

emissions. The question of their ability to respond to this global problem is of 

concern because of two main facts:  

 

(i) Majority of these developing nations are from the low income and lower-

middle income groups which need to improve their standard of living
21

.  

(ii) These countries rely heavily upon fossil fuels to generate energy that is 

significant for their growth and thus higher carbon emissions are 

expected. 

Looking at the scenario it seems any effort at reducing CO2 emissions will have an 

impact on the economic growth of these developing nations as economic 

development relies very heavily on the energy sector. However, Mielnik and 

Goldemberg (2000) argued that the use of the energy intensity indicator can be an 

alternative measure to preserve the economic development while reducing 

greenhouse gas emissions for the fulfilment of the Kyoto Protocol goals. Crucial 

factors that could be observed and possibly have implications are GDP per capita, 

energy consumption, urbanization, education level, fossil fuels energy consumption 

                                                   
21 See Appendix 3 for the list of non-Annex 1 countries in each income group. 
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and economic structure of these countries for instance their industrial production and 

agricultural production. Hence examining the non-Annex 1 parties‟ patterns of CO2 

emissions, will help provide comprehensive understanding of the growth of CO2 

emissions in these developing regions. 

 

For deeper evaluation of the sources of CO2 emissions and on whether the energy 

sector is the key determinant, it would be thus of significance to identify the end 

users of energy in each region. This would help to provide better and more efficient 

strategic environmental planning for future further reduction in CO2 emissions. The 

main motivation for testing the relationship between environmental quality and 

economic growth is that it allows policymakers to judge the response of the 

environment to economic growth (Narayan and Narayan, 2010). Thus the empirical 

analysis conducted is not intended to put forward new policies but rather to provide a 

solid basis for policy initiatives of CO2 emissions in the regions of the developing 

world. It may also highlight the need to consider that different countries in different 

regions may need different types of policies that can benefit both their development 

and environment. This study attempts to meticulously analyze the growth of CO2 

emissions in these developing economies. 

 

In discussing the issues of policies to control or limit CO2 emissions, there is a need 

to examine the most debated institutional framework introduced by UNFCCC that is 

the 1997 Kyoto Protocol, and the international treaties responsible for monitoring 

global GHG emissions. As future large emitters developing countries participation in 

signing and ratifying the protocol is of importance to ensure their commitments in 

efforts to reduce CO2 emissions. Though majority of these non-Annex I parties have 

ratified the protocol, the fact of whether they are committed to actually do so is 

rather questionable because they face no real restrictions under the treaty; and their 

dependence on industrialization and modernization to provide jobs and income to 

their growing populations (Swinton and Sarkar, 2008). Therefore a study on how 

developing countries play a role in limiting emissions and how the Kyoto Protocol 

creates incentives that can benefit them through providing them opportunities and 

encourage them to actively participate could help policymakers to strategize 

nationally to meet the Kyoto obligations.  

  

Another significant point of this study is the considerable number of developing 

countries (126 nations) involved, covering around one third of the countries in the 

world. The thirty-nine years of annual data is analyzed and estimated by applying the 

generalized method of moments (GMM) econometric method which is quite popular 

in macroeconomic time series dealing with panel models. This method is chosen not 

merely because of its profound impact on the field of macro-econometrics but also its 

essentiality in a wide variety of applications. Two major advantages of using panel 

data analysis are: (i) It utilizes more information and hence there is more variability 

in the data. Thus inference of model parameters can be more accurate. (ii) It is able 

to control omissions or missing or unobserved factors. It was found that there has not 

been any previous comprehensive analysis dealing with the study of CO2 emissions 

for developing economies on such a big scale. As such any information gained is 

hoped to be very helpful to policymakers specifically from the perspective of 

developing countries vis-à-vis the scenarios of carbon emissions that are able to 

initiate awareness which may be useful in combating the problem of climate change 

resulting from global warming in the future. 
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A final point to note is the study on convergence analysis of per capita CO2 

emissions of these developing countries. Panopoulou and Pantelidis (2009) stated 

that the question of the existence of cross-country convergence is crucial in guiding 

policymakers‟ projection models to prepare climate change policy proposals. 

Furthermore as mentioned by Romero-Avila (2008) most projection models guiding 

policymakers assume convergence in emissions, when preparing emissions 

abatement strategies to reduce the problem of climate change. Hence it is undeniably 

critical to analyze the convergence of per capita CO2 emissions in these developing 

nations which may differ from those of advanced nations so as to provide the 

policymakers with a proper and clear scenario to plan their own climate change 

policy proposals that could cater to their individual countries‟ needs. The 

examination of the CO2 emissions convergence employed the log-t regression model 

proposed by Phillips and Sul (2007) based on a nonlinear time-varying model to 

investigate and discuss the pattern of convergence in each region and the selected 

developing region as a whole. In fact one essential advantage of choosing the Phillips 

and Sul (2007) log-t test is its ability to test not only for the overall convergence 

hypothesis but also for club convergence. 

 

1.7  Organization of the Study 

This thesis is organized into five different chapters. The first chapter provides an 

introduction to the study. It discusses some insights on the Kyoto protocol regarding 

the rise in the level of greenhouse gases emissions specifically CO2 via economic 

activities. It focuses on the developing countries which are classified as the non-

Annex 1 party by UNFCCC which are expected to be the future potential largest 

global emitters of CO2 emissions due to their development needs. This chapter covers 

the problem statement, objectives and significance of the study. 

 

Chapter two begins with a brief description and discussion on the UNFCCC, the 

Kyoto Protocol and developing countries before proceeding with reviewing the 

theory of the relationship between economic growth and environment in general. 

Then it continues to further examine the relationship between economic growth and 

CO2 emissions by reviewing previous studies. The same chapter encompasses 

discussion on the empirical analysis of the determinants of global CO2 emissions, the 

relevancy of various institutional factors, and other sources of growth conducted in 

previous studies. The study on past and current analysis pertaining to the Kyoto 

protocol is conducted to examine its role as an international treaty that regulates and 

monitors globally, not only the CO2 emissions but also other GHG emissions. A 

similar analysis is carried out on various literatures on the issues of CO2 convergence 

from absolute, sigma, beta to time-series analysis of convergence.  

 

The third chapter describes the methodology of the study, its framework, empirical 

models and sources of various data gathered. Chapter four presents the results of the 

analysis including a comprehensive discussion on the empirical findings of the 

investigated topic. Finally Chapter five is focused on analysis by interpreting the 

results obtained, linking them with the objectives set out earlier, and eventually 

drawing conclusions. This chapter also includes discussions on policy 

recommendations and describe some limitations of the study before ending with 

suggestions for future research. 

 



© C
OPYRIG

HT U
PM

173 
 

REFERENCES 

Acaravci, A. and Ozturk, I. (2010). On the relationship between energy consumption, 

CO2 emissions and economic growth in Europe. Energy, 35: 5412-5420. 

Acharyya, J. (2009). FDI, growth and the environment: Evidence from India on CO2 

emission during the last two decades. Journal of Economic Development, 34 (1): 

43-58. 

Agosin, M. R. and Mayer, R. (2000). Foreign investment in developing countries: Does 

it crowd in domestic investment. Retrieved at www.unctad.org/en/docs/dp. 

Ahuja, D. and Tatsutani, M. (2009). Sustainable energy for developing countries. 

S.A.P.I.E.N.S., 2(1): 1-16. Retrieved at http://sapiens.revues.org/823. 

Akinlo, A. E. (2008). Energy consumption and economic growth: Evidence from 11 

Sub-Sahara African countries. Energy Economics, 30: 2391-2400. 

Akkari, A. (2004). Education in the Middle East and North Africa: The current situation 

and future challenges. International Education Journal. 5(2): 144-153. 

Alam, M. S. (2006). Economic growth with energy. Munich Personal RePEc Archive 

(MPRA) Paper 1260, University Library of Munich, Germany. 

Alam, S., Fatima, A. and Butt, M. (2007). Sustainable development in Pakistan in the 

context of energy consumptiondemand and environmental degradation. Journal 

of Asian Economics, 18(5): 825-837. 

Alam, S. (2010). Globalization, poverty and environmental degradation: Sustainable 

development in Pakistan. Journal of Sustainable Development, 3(3): 103-114. 

Aldy, J.E. (2006). Per Capita Carbon Dioxide Emissions: Convergence or Divergence? 

Environmental and Resource Economics, 33: 533-555. 

Aldy, J.E. (2007). Divergence in state-level per capita carbon dioxide emissions. Land 

Economics, 83: 353-369. 

Aldy, J.E. (2007). Energy and carbon dynamics at advanced stages of development: An 

analysis of the U.S. states, 1960-1999. Energy Journal, 28: 91-111. 

Ali, A. M. (2003). Institutional differences as sources of growth differences. Atlantic 

Economic Journal, 31: 348-362. 

Aliyu, M. (2005). Foreign direct investment and the environment: pollution havens 

hypothesis revisited. Paper presented at Annual Conference on Global Economic 

Analysis, Germany. June 2005. 

Al-Iriani, M. A. (2006). Energy-GDP relationship revisited: An example from GCC 

countries using panel causality. Energy Policy, 34: 3342-3350. 

Altinay, G. and Karagol, E. (2004). Structural break, unit root, and the causality 

between energy consumption and GDP in Turkey. Energy Economics, 26: 985-

994. 

Alvarez-Diaz, M., Caballero-Miguez, G. and Solina, M. (2011). The institutional 

determinants of CO2 emissions: A computational modeling approach using 

Artificial Neural Networks and Genetic Programming. Environmetrics, 22: 42-

49. 

Anandarajah, G., Kesicki, F. and Pye, S. (2009). Carbon tax vs cap-and-trade: 

Implications on developing countries emissions. UCL Energy Institute, 

University College London. Retrieved at www.ukerc.ac.uk/support/tiki-

download_file.php?fileId=1410. 

http://sapiens.revues.org/823


© C
OPYRIG

HT U
PM

174 
 

Ang, B. W. and Liu, N. (2006). A cross-country analysis of aggregate energy and 

carbon intensities. Energy Policy, 34: 2398-2404. 

Ang, J. B. (2007). CO2 emissions, energy consumption, and output in France. Energy 

Policy, 35: 4772-4778. 

Ang, J. B. (2008). Economic development, pollutant emissions and energy consumption 

in Malaysia. Journal of Policy Modeling, 30: 271-278. 

Ang, J. B. (2009). CO2 emissions, research and technology transfer in China. Munich 

Personal RePEc Archive (MPRA). Retrieved at http://mpra.ub.uni-

muenchen.de/13261/. 

Anjum, A. and Mohammad, S.B. (2001). The Relationship between energy consumption 

and economic growth in Pakistan. Asia-Pacific Development Journal, 8: 101-

110. 

Ansuategi, A. and Escapa, M. (2002). Economic growth and greenhouse gas emissions. 

Ecological Economics, 40: 23-37. 

APEC Energy Overview 2012. Asia Pacific Energy Research Centre (APERC). The 

Institute of Energy Economics, Japan. 

Apergis, N. and Payne, J. E. (2009). CO2 emissions, energy usage, and output in Central 

America. Energy Policy, 37: 3282-3286. 

Apergis, N. and Payne, J. E. (2009). Energy consumption and economic growth: 

Evidence from the Commonwealth of Independent States. Energy Economics, 

31: 641-647. 

Apergis, N. and Payne, J. E. (2010). Energy consumption and growth in South America: 

Evidence from a panel error correction model. Energy Economics, 32: 1421-

1426. 

Apergis, N., Christou, C. and Payne, J. E. (2011). Political and institutional factors in 

the convergence of international equity markets: Evidence from the club 

convergence and clustering procedure. Atlantic Economic Journal, 39: 7-18. 

Aqeel, A. and Butt, M.S. (2001). The relationship between energy consumption and 

economic growth in Pakistan. Asia-Pacific Development Journal, 8: 101-110. 

Arbex, M. and Perobelli, F. S. (2010). Solow meets Leontief: Economic growth and 

energy consumption. Energy Economics, 32: 43-53. 

Arellano, M. and Bond, S. R. (1991). Some tests of specification for panel data: Monte 

Carlo evidence and an application to employment equations. The Review of 

Economic Studies, 58: 277-297. 

Arellano, M. and Bond, S. R. (1998). Dynamic Panel Data Estimation using DPD98 for 

GAUSS. Retrieve at ftp://ftp.cemfi.es/pdf/papers/ma/dpd98.pdf.  

Arellano, M. and Bover, O. (1995). Another look at the instrumental variable estimation 

of error-components models. Journal of Econometrics, 68: 29-52. 

Asafu-Adjaye, J. (2000). The relationship between energy consumption, energy prices 

and economic growth: Time series evidence from Asian developing countries. 

Energy Economics 22: 615-625. 

Aslanidis, N. and Iranzo, S. (2009). Environment and development: Is there a Kuznets 

curve for CO2 emissions? Applied Economics, 41: 803-810. 

ASME (American Society of Mechanical Engineers), 2009. ASME general position 

statement on technology and policy recommendations and goals for reducing 

http://mpra.ub.uni-muenchen.de/13261/
http://mpra.ub.uni-muenchen.de/13261/
ftp://ftp.cemfi.es/pdf/papers/ma/dpd98.pdf


© C
OPYRIG

HT U
PM

175 
 

carbon dioxide emissions in the energy sector, April 2009. Retrieved at 
files.asme.org/asmeorg/NewsPublicPolicy/GovRelations/.../17971.pdf. 

Azomahou, T., Laisney, F. and Nguyen, Van P. (2006). Economic development and 

CO2 emissions: A nonparametric panel approach. Journal of Public Economics, 

90: 1347-1363. 

Babiker, M., Reilly, J.M. and Jacoby, D.H. (2000). The Kyoto Protocol and developing 

countries. Energy Policy, 28: 525-536. 

Baksi, S. and Green, C. (2007). Calculating economy-wide energy intensity decline rate: 

The role of sectoral output and energy shares. Energy Policy, 35: 6457-6466. 

Baltagi, B. H. (2008). Econometric Analysis of Panel Data. Chichester: John Wiley & 

Sons Ltd. 

Barassi, M. R., Cole, M. A. and Elliot, R. J. R. (2008). Stochastic divergence or 

convergence of per capita carbon dioxide emissions: Re-examining the evidence. 

Environ Resource Econ, 40: 121-137. 

Barret, S. and Graddy, K. (2000). Freedom, growth and the environment. Environment 

and Development Economics, 5: 436-456. 

Barro, R. J. (1996). Democracy and growth. Journal of Economic Growth, 1: 1-27. 

Barro, R. and Lee, J-W. (2010). A new data set of educational attainment in the world, 

1950-2010. NBER Working Paper No. 15902. Retrieved at 

http://www.barrolee.com/data/dataexp.htm. 

Bartz, S. and Kelly, D. L. (2008). Economic growth and the environment: Theory and 

facts. Resource and Energy Economics, 30: 115-149. 

Baum, C. F. (2006). An Introduction to Modern Econometrics Using Stata. Texas: Stata 

Press. 

Baumert, K. A. (2006). Participation of developing countries in the international climate 

change. The George Washington International Law Review, 38: 365-407. 

Bella, G., Massidda, C. and Etzo, I. (2010). A panel estimation of the relationship 

between income, electric power consumption and CO2 emissions. Munich 

Personal RePEc Archive (MPRA). Retrieved at http://mpra.ub.uni-

muenchen.de/26077/. 

Belloumi, M. (2009). Energy consumption and GDP in Tunisia: Cointegration and 

causality analysis. Energy Policy, 37: 2745-2753. 

Bengochea-Morancho, A., Higon-Tamarit, F. and Martinez-Zarzoso, I. (2001). 

Economic growth and CO2 emissions in the European Union. Environmental 

and Resource Economics, 19: 165-172. 

Bernard, A. B. and Durlauf, S. N. (1996). Interpreting tests of the convergence 

hypothesis. Journal of Econometrics, 71: 161-173. 

Bhattacharyya, R. and Ghoshal, T. (2010). Economic growth and CO2 emissions. 

Environment, Development and Sustainability, 12: 159-177. 

Bimonte, S. (2002). Information access, income distribution, and the Environmental 

Kuznets Curve. Ecological Economics, 41: 145-156. 

Bimonte, S. (2009). Growth and environmental quality: Testing the double convergence 

hypothesis. Ecological Economics, 68: 2406-2411. 

Blundell, R. and Bond, S. (2000). GMM estimation with persistent panel data: An 

application to production functions. Econometric Reviews, 19(3): 321-340. 

http://www.barrolee.com/data/dataexp.htm
http://mpra.ub.uni-muenchen.de/26077/
http://mpra.ub.uni-muenchen.de/26077/


© C
OPYRIG

HT U
PM

176 
 

Bobba, M. and Coviello, D. (2007). Weak instruments and weak identification, in 

estimating the effects of education, on democracy. Economics Letters, 96: 301–

306. 

Bohringer, C. and Welsch, H. (2004). Contraction and convergence of carbon 

emissions: An intertemporal multi-region CGE analysis. Journal of Policy 

Modeling, 26: 21-39. 

Bond, S., Hoeffler, A. and Temple, J. (2001). GMM estimation of empirical growth 

models. Retrieve at http://economics.ouls.ox.ac.uk/14464/1/bht10.pdf. 

Bun, J. G. M. and Carree, A. M. (2005). Bias-Corrected Estimation in Dynamic Panel 

Data Models. Journal of Business & Economic Statistics, 23(2): 200-210.  

Camarero, M., Picazo-Tadeo, A.J. and Tamarit, C. (2013). Are the determinants of CO2 

emissions converging among OECD countries? Economic Letters, 118: 159-162. 

Cancelo, M. T. (2010). The relationship between CO2 and sulphur emissions and 

income: An alternative explanation to the environmental Kuznets curve 

hypothesis. Applied Econometrics and International Development, 10-1: 25-38. 

Cao, X. (2003). Climate change and energy development: Implications for developing 

countries. Resources Policy, 29: 61-67. 

Carlino, G. A. and Mills, L. O. (1993). Are U.S. regional incomes converging? Journal 

of Monetary Economics, 32: 335-346. 

Carlsson, F. and Lundstrom, S. (2003). The effects of economic and political freedom 

on CO2 emissions. Working Papers in Economics no 29, Department of 

Economics Goteborg University, Sweden. 

Cebula, R. J. (2011). Economic growth, ten forms of economic freedom, and political 

stability: An empirical study using panel data, 2003-2007. The Journal of 

Private Enterprise, 26(2): 61-81. 

Chakravarty, S., Chikkatur, A., Coninck, H., Pacala, S., Socolow, R. and Tavoni, M. 

(2009). Sharing global CO2 emissions reductions among one billion high 

emitters. PNAS, 106: 11884-11888. Retrieved June 14, 2010, from 

www.pnas.org/cgi/doi/10.1073/pnas.0905232106. 

Chebbi, H.E. and Boujelbene, Y. (2008). CO2 emissions, energy consumption and 

economic growth in Tunisia. 12
th

 Congress of the European Association of 

Agricultural Economists – EAAE 2008. 

Chen, W.J. (2012). The relationships of carbon dioxide emissions and income in a 

Newly Industrialized Economy. Applied Economics, 44: 1621-1630. 

Cheng, B.S. (1999). Causality between energy consumption and economic Growth in 

India: An application of co-integration and error correction modeling. Indian 

Economic Review, 34: 39-49. 

Cheng, B.S. and Lai, T.W. (1997). An investigation of co-integration and causality 

between energy consumption and economic activity in Taiwan. Energy 

Economics, 19: 435-444. 

Choi, I. (2001). Unit root tests for panel data. Journal of International Money and 

Finance, 20: 249-272. 

Chontanawat, J., Hunt, L. C. and Pierse, R. (2008). Does energy consumption cause 

economic growth? : Evidence from a systematic study of over 100 countries. 

Journal of Policy Modeling, 30: 209-220. 

http://economics.ouls.ox.ac.uk/14464/1/bht10.pdf
http://www.pnas.org/cgi/doi/10.1073/pnas.0905232106


© C
OPYRIG

HT U
PM

177 
 

Cialani, C. (2007). Economic growth and environmental quality. Management of 

Environmental Quality, 18(3): 568-577. 

Coase, R. 1998. The new institutional economics. The American Economic Review 

88(2), 72-74. 

Cole, M.A. (2007). Corruption, income and the environment: An empirical analysis. 

Ecological Economics, 62 (3-4): 637-647.  

Cole, M.A. and Neumayer, E. (2004). Examining the impact of demographic factors on 

air pollution. Population and Environment, 26(1): 5-21. Retrieved April 14, 

2011, from ProQuest database. 

Collier,P. and Gunning, J.W. (1999). Explaining African Economic Performance. 

Journal of Economic Literature, 37(1): 64-111. 

Comeau, L. JR. (2003). The political economy of growth in Latin America and East 

Asia: Some empirical evidence. Contemporary Economic Policy, 21(4): 476-

489. 

Coondoo, D. and Dinda, S. (2002). Causality between income and emission: A country 

group-specific economic analysis. Ecological Economics, 40: 351-367. 

Cramer, J. C. (1998). Population Growth and Air Quality in California. Demography, 

35: 45-56. 

Criado, C. O. (2009). Economic growth and air pollution: Three empirical essays based 

on nonparametric methods. Unpublished doctoral thesis, Universite De 

Neuchatel, France. 

Darrat, A. F., Hsu, M. K. and Zhong, M. (2000). Testing export exogeneity in Taiwan: 

Further evidence.  Applied Economics Letters, 7: 563-567. 

Dayang-Affizzah, A. M. and Norimah, R. (2010). Testing for structural convergence in 

Asia: An application of Phillips-Sul log-t test. Journal of International Economic 

Review, 3(2): 69-88. 

De Bruyn, S. M., van den Bergh, J. C. J. M. and Opschoor, J. B. (1998). Economic 

growth and emissions: Reconsidering the empirical basis of environmental 

Kuznets curves. Ecological Economics, 25: 161-175. 

Deng, X., Huang, J., Rozelle, S. and Uchida, E. (2008). Growth, population and 

industrialization, and urban land expansion in China. Journal of Urban 

Economics, 63: 96-115. 

De Soto Blass, M. L. F. (2010). The fiscal implications of the clean development 

mechanism. The Business Review, Cambridge, 15: 253-258. 

De Zeeuw, A. (2008). Dynamics effects on the stability of international environmental 

agreements. Journal of Environmental Economics and Management, 55: 163-

174. 

Dietz, T. and Rosa, E. A. (1994). Rethinking the environment impacts of population, 

affluence, and technology. Human Ecological Review, 1: 277-300. Retrieve 

April 18, 2011, from http://jayhanson.us/page111.htm. 

Dietz, T. and Rosa, E. A. (1997). Effects of population and affluence on CO2 emissions. 

Proceeding of the National Academy of Sciences of the USA, 94: 175-179. 

Dinda, S. (2005). A theoretical basis for the environmental Kuznets curve. Ecological 

Economics, 53: 403-413. 

Dinda, S. and Coondoo, D. (2006). Income and emission: A panel data-based 

cointegration analysis. Ecological Economics, 57: 167-181. 

http://jayhanson.us/page111.htm


© C
OPYRIG

HT U
PM

178 
 

Dinica, V. (2002). Energy policies for CO2 emissions reduction. Yotova, A. (ed), 

Natural Resource System Challenge II – Climate change, human system and 

policy, Encyclopedia of Life Support Systems. EOLSS Publishers Co., Oxford, 

UK.  

Du, W. (2011). The population and environment restriction on circular flow of 

economic life. International Journal of Business and Management, 6(3): 95-98. 

Retrieved April 14, 2011, from ProQuest database. 

Dufour, J. M. and Torres, O. (1998). Handbook of Applied Economic Statistics. Union-

intersection and sample-split methods in econometrics with applications to MA 

and SURE models (pp. 465-505). New York, 1998. 

Duncan, R.C. (2005-06). The Olduvai Theory: Energy, population and industrial 

civilization. The Social Contract, Winter:1-12. 

Duro, A. J. and Padilla, E. (2006). International inequalities in per capita CO2 

emissions: A decomposition methodology by Kaya factors. Energy Economics, 

28: 170-187. 

Dutt, K. (2009). Governance, institutions and the environment-income relationship: A 

cross-country study. Environment, Development and Sustainability, 11:705–723. 

Easton, S. T. and, Walker, M. A. (1997). Income, growth, and economic freedom. The 

American Economic Review, 87(2): 328-332. 

Ebohon, O. J. (1996). Energy, economic growth and causality in developing countries. 

A case study of Tanzania and Nigeria. Energy Policy, 24: 447-453. 

Ecchia, G. and Mariotti, M. (1998). Coalition formation in international environmental 

agreements and the role of institutions. European Economic Review, 42: 573-

582. 

Ehrlich, R. P. and Holdren, J.P. (1971). Impact of population growth. Science, New 

Series, 171 (3977): 1212-1217. 

Eizenstat, S. 1998. Stick with Kyoto: A Sound Start on Global Warming. Foreign 

Affairs, 77(3): 119-121. 

Erol, U. and Yu, E.S.H. (1987). On the causal relationship between energy and income 

for industrialized countries. Resources and energy, 1: 395-412. 

Esso, L. J. (2010). Threshold cointegration and causality relationship between energy 

use and growth in seven African countries. Energy Economics, 32: 1383-1391. 

Evans, P. (1998). Using panel data to evaluate growth theories. International Economic 

Review, 39: 295-306. 

Evans, P. (1997). How fast do economies converge? Review of Economics and 

Statistics, 79: 219-225. 

Ezcurra, R. (2007). Is there cross-country convergence in carbon dioxide emissions? 

Energy Policy, 35: 1363-1372. 

Farhani, S. and Rejeb, J. B. (2012). Energy consumption, economic growth and CO2 

emissions: Evidence from panel data for MENA region. International Journal of 

Energy Economics and Policy, 2 (2): 71-81. 

Farzin, Y. H. and Bond, C. A. (2006). Democracy and environmental quality. Journal of 

Development Economics, 81: 213-235. 

Fatai, K., Oxley L. and Scrimggeour F.G. (2004). Modelling the causal relationship 

between energy consumption and GDP in New Zealand, Australia, India, 



© C
OPYRIG

HT U
PM

179 
 

Indonesia, the Philippines and Thailand. Mathematics and Computers in 

Simulation 64: 431-445. 

Focacci, A. (2003). Empirical evidence in the analysis of the environmental and energy 

policies of a series of industrialized nations, during the period 1960-1997, using 

widely employed macroeconomic indicators. Energy Policy, 31: 333-352. 

Food and Agriculture Organization of the United Nations (FAOSTAT). 2011. Retrieve 

at http://ldvapp07.fao.org:8030/wds/api?db=faosyb 

Fredriksson, P.G., Neumayer, E., Damania, R. and Gates, S. (2005). Environmentalism, 

democracy, and pollution control. Journal of Environmental Economics and 

Management, 49: 343-365. 

Friedl, B. and Getzner, M. (2003). Determinants of CO2 emissions in a small open 

economy. Ecological Economics, 45: 133-148. 

Fritsche, U. and Kuzin, V. (2011). Analysing convergence in Europe using the non-

linear single factor model. Empirical Economics, 41:343–369. 

DOI10.1007/s00181-010-0385-4. 

Galeotti, M. and Lanza, A. (1999). Richer and cleaner? A study on carbon dioxide 

emissions in developing countries. Energy Policy, 27: 565-573. 

Galeotti, M., Lanza, A. and Pauli, F. (2006). Reassessing the environmental Kuznets 

curve for CO2 emissions: A robustness exercise. Ecological Economics, 57: 152-

163. 

Gani, A. (2012). The relationship between good governance and carbon dioxide 

emissions: Evidence from developing economies. Journal of Economic 

Development, 37 (1): 77-93. 

Gassebner, M., Lamla, M.J. and Sturm, J-E. (2010). Determinants of pollution: What do 

we really know? Oxford Economic Papers, 1-28. Retrieved April 15, 2011 from 

oep.oxfordjournals.org. 

George, H. and Nickolaos, T. (2011). Economic growth and carbon dioxide emissions: 

Empirical evidence from China. Munich Personal RePEc Archive (MPRA). 

Retrieved at http://mpra.ub.uni-muenchen.de/32840/. 

Germaine, M., Magnus, A. and van Steenberghe, V. (20007). How to use and design the 

clean development mechanism under the Kyoto Protocol? A developing country 

perspective. Environ Resource Econ, 38: 13-30. 

Glasure, Y.U. (2002). Energy and national income in Korea: Further evidence on the 

role of omitted variables. Energy Economics, 24: 355-365. 

Glasure, Y.U. and Lee, A.R. (1997). Cointegration, error and the relationship between 

GDP and electricity: the case of South Korea and Singapore. Resource and 

Energy Economics, 20: 17-25. 

Goldemberg, J. (1996). A note on the energy intensity of developing countries. Energy 

Policy, 24: 759-761. 

Golub, S. S., Kauffmann, C. and Yeres, P. (2011). Defining and measuring green FDI: 

An exploratory review of existing work and evidence. OECD Working Papers 

on International Investment, No. 2011/2, OECD Investment Division, 

www.oecd.org/daf/investment/workingpapers. 

Grossman, G. M. and Krueger, A. B. (1995). Economic growth and the environment. 

The Quarterly Journal of Economics, 110 (2): 353-377.  

http://ldvapp07.fao.org:8030/wds/api?db=faosyb
http://mpra.ub.uni-muenchen.de/32840/


© C
OPYRIG

HT U
PM

180 
 

Halicioglu, F. (2009). An Econometric Study of CO2 Emissions, Energy Consumption, 

Income and Foreign Trade in Turkey. Energy Policy, 37 (3): 1156-1164. 

Halkos, G. (2003). Environmental Kuznets curve for sulfur: Evidence using GMM 

estimation and random coefficient panel data models. Environment and 

Development Economics, 8: 581-601. 

Halkos, G. and Tzeremes, N. (2011). Kuznets curve and environmental performance: 

Evidence from China. Munich Personal RePEc Archive (MPRA). Retrieved at 

http://mpra.ub.uni-muenchen.de/34312/. 

Halla, M., Schneider, F. G. and Wagner, A. F. (2011). Satisfaction with democracy and 

collective action problems: The case of the environment. Public Choice: DOI 

10.1007/s11127-011-9844-5. 

Hamilton, C. and Turton, H. (2002). Determinants of emissions growth in OECD 

countries. Energy Policy, 30: 63-71. 

Han, X., and Chatterjee, L. (1997). Impacts of growth and structural change on CO2 

emissions of Developing economies. World Development, 25(3): 395-407.  

Harsch, E. (2004). Agriculture: Africa‘s ‗engine for growth.‘ Africa Recovery, 17(4): 13.  

Hassaballa, H. (2013). Environment and foreign direct investment: Policy implications 

for developing countries. Journal of Emerging Issues in Economics, Finance 

and Banking, 1: 75-106. 
Hatemi, J.A. and Irandoust, M. (2005). Energy consumption and economic growth in 

Sweden: A Leveraged Bootstrap Approach, (1965-2000). International Journal 

of Applied Econometrics and Qualitative Studies, 2(4): 87-98. 

Hayakawa, K. and Nagata, S. (2012). On the behavior of the GMM estimator in 

persistent dynamic panel data models with unrestricted initial conditions. Social 

Science Research Network (SSRN). Retrieve at 

http://ssrn.com/abstract=2009015. 

He, J. (2010), ―What is the role of openness for China‘s aggregate industrial SO2 

emission? A structural analysis based on the Divisia decomposition method.‖ 

Ecological Economics, 69: 868-886. 

Heckelman, J. C. and Benjamin P. (2010). Corruption and the institutional environment 

for growth. Comparative Economic Studies, 52: 351-378. 

Hepburn, C. (2007). Carbon trading: A review of the Kyoto mechanisms. Annual 

Review of Environment and Resources. 32: 375-393. Retrieve at 

arjournals.annualreviews.org. 

Holtz-Eakin, D. and Selden, T.M. (1995). Stoking the fires? CO2 emissions and 

economic growth. Journal of Public Economics, 57(1): 85-101. 

Hondroyiannis, G., Lolos, S., and Papatreou, E. (2002). Energy consumption and 

economic growth: assessing the evidence from Greece. Energy Economics, 24: 

319-336. 

Hooi, H. L. and Smyth, R. (2009). On the dynamics of aggregate output, electricity 

consumption, and exports in Malaysia: Evidence from multivariate Granger 

causality tests. Applied Energy, 87: 1963-1971. 

Hooi, H. L. and Smyth, R. (2010). CO2 Emissions, Electricity Consumption and Output 

in ASEAN, Applied Energy, 87, 1858–1864. 

http://mpra.ub.uni-muenchen.de/34312/
http://ssrn.com/abstract=2009015


© C
OPYRIG

HT U
PM

181 
 

Huang, B. N., Hwang, M. J. and Yang, C. W. (2008). Causal relationship between 

energy consumption and GDP growth revisited: A dynamic panel data approach. 

Ecological Econometrics, 67: 41-54. 

Huang, Y. F., Lin, Y. C. and Yang, J. T. (2010). An innovative indicator of carbon 

dioxide emissions for developing countries: A study of Taiwan. Energy Policy, 

38: 3257-3262. 

Hynes, W. and Wang, S. (2012). Green Growth and Developing Countries: A Summary 

for Policy Makers. Retrieve at  www.oecd.org/dac/greengrowth. 

International Energy Agency (IEA), (2009). Key World Energy Statistics 2009, Edition 

IEA, Paris. 

International Energy Agency (IEA), (2010). Key World Energy Statistics 2010, Edition 

IEA, Paris. 

Im, K. S., Pesaran, M. H. and Shin, Y. (2003). Testing unit roots in heterogeneous 

panels. Journal of Econometrics, 115: 53-74. 

IPCC Fourth Assessment Report.  Climate Change 2007: Synthesis Report. Contribution 

of Working Groups I, II and III to the Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change. Core Writing Team, Pachauri, 

R.K. and Reisinger, A. (Eds.) IPCC, Geneva, Switzerland.  

Islam, N. (2003). What have we learnt from the convergence debate? Journal of 

Economic Surveys, 17(3): 309-354. 

Itoh, R. (2009). Dynamic control of rural–urban migration. Journal of Urban 

Economics, 66: 196-202. 

Ivanova, K. (2011). Corruption and air pollution in Europe. Oxford Economic Papers, 

63: 49-70. 

Iwata, H. and Okada, K. (2010). Greenhouse gas emissions and the role of the Kyoto 

Protocol. Munich Personal RePEc Archive (MPRA). Retrieved at 

http://mpra.ub.uni-muenchen.de/22299/. 

Iwata, H., Okada, K. and Samreth, S. (2010). Empirical study on the determinants of 

CO2 emissions: Evidence from OECD countries. Munich Personal RePEc 

Archive (MPRA). Retrieved at http://mpra.ub.uni-muenchen.de/21520/. 

Jin-ke, L., Feng-hua, W. and Hua-ling, S. (2009). Differences in coal consumption 

patterns and economic growth between developed and developing countries. 

Procedia Earth and Planetary Science, 1: 1744-1750. 

Jing, C. and Song, Y. (2003). FDI in China: Institutional evolution and its impact on 

different sources. Proceedings of the 15
th

 Annual Conference of the Association 

for Chinese Economics Studies Australia (ACESA).  

Jobert, T., Karanfil, F. and Tykhonenko, A. (2010). Convergence of per capita carbon 

dioxide emissions in the EU: Legend or reality? Energy Economics, (2010), 

DOI:10.1016/j.eneco.2010.03.005. 

Judson, R. A. and Owen, A. L. (1997). Estimating dynamic panel data models: A 

practical guide for Macroeconomists. Social Science Research Network. Retrieve 

at http://ssrn.com/abstract=1904. 

Kahn, M. E. and Schwartz, J. (2008). Urban air pollution progress despite sprawl: The 

‗greening‘ of the vehicle fleet. Journal of Urban Economics, 63: 775-787. 

Kahuthu, A. (2006). Economic growth and environmental degradation in a global 

context. Environment, Development and Sustainability, 8: 55-68. 

http://mpra.ub.uni-muenchen.de/22299/
http://mpra.ub.uni-muenchen.de/21520/
http://ssrn.com/abstract=1904


© C
OPYRIG

HT U
PM

182 
 

Kinda, S. R. (2010). Democratic institutions and environment quality: Effects and 

transmission channels. Paper presented at the Globelics 2010 8
th
 International 

Conference, University Malaya, Kuala Lumpur. November 2010. 

Kinda, S. R. (2010). Does education really matter for environmental quality? Economics 

Bulletin, 30 (4): 2612-2626.  

Kumazawa, R. and Callaghan, M. S. (2010). The effect of Kyoto Protocol on carbon 

dioxide emissions. Journal Econ Finance: DOI 10.1007/s12197-010-9164-5. 

Kyoto Treaty Discriminates against Russia: The Russia Journal: Russia, 2003. 

Lankao, P. R. (2007). Are we missing the point? : Particularities of urbanization, 

sustainability and carbon emissions in Latin American cities. Environment and 

Urbanization. 19: 159-175. 

Lanne, M. and Liski, M. (2004). Trends and breaks in per capita carbon dioxide 

emissions, 1870-2028. The Energy Journal, 25: 41-65. 

Lee, C.C. (2005). Energy consumption and GDP in developing countries: A co-

integrated panel analysis. Energy Economics, 27: 415-427. 

Lee, C.C. (2006). The causality relationship between energy consumption and GDP in 

G-11 countries revisited. Energy Policy, 34: 1086-1093. 

Lee, C.C. and Chang, C.P. (2007). Energy Consumption and GDP revisited: a panel 

analysis of developed and developing countries. Energy Economics, 29: 1206-

1233. 

Lee, C.C. and Chang, C.P. (2008). New evidence on the convergence of per capita 

carbon dioxide emissions from panel seemingly unrelated regressions augmented 

Dickey-Fuller tests. Energy, 33: 1468-1475. 

Lee, C.C., Chang, C.P. and Chen, P. F. (2008). Do CO2 emissions levels converge 

among 21 OECD countries? New evidence from unit root structural break tests. 

Applied Economics Letters, 15: 551-556. 

Lee, C.C., Chang, C.P. and Chen, P. F. (2008). Energy-income causality in OECD 

countries revisited: The key role of capital stock. Energy Economics, 30: 2359-

2373. 

Lee, K. and Oh, W. (2006). Analysis of CO2 emissions in APEC countries: A time-

series and a cross-sectional decomposition using the log mean Divisia method. 

Energy Policy, 34: 2779-2787. 

Levin, A., Lin, C. F. and Chu, C. (2002). Unit root tests in panel data: Asymptotic and 

finite-sample properties. Journal of Econometrics, 108: 1-24. 

Li, F., Dong, S., Li, X., Liang, Q. and Yang, W. (2011). Energy consumption-economic 

growth relationship and carbon dioxide emissions in China. Energy Policy, 39: 

568-574. 

Li, Q. and Papell, D. (1999). Convergence of international output, time-series evidence 

of 16 OECD countries. International Review of Economics and Finance, 8: 267-

280. 

Lim, H-J., Yoo, S-H. and Kwak, S-J. (2009). Industrial CO2 emissions from energy use 

in Korea: A structural decomposition analysis. Energy Policy, 37: 686-698. 

List, J. A. (1999). Have air pollutant emissions converged among U.S. regions? 

Evidence from unit root tests. Southern Economic Journal, 66: 144-155. 

List, J. A. and Gallet, C. A. (1999). The environmental Kuznets curve: Does one size fit 

all? Ecological Economics, 31: 409-423. 



© C
OPYRIG

HT U
PM

183 
 

Lopez, R. and Mitra, S. (2000). Corruption, pollution, and the Kuznets environment 

curve. Journal of Environmental Economics and Management, 40: 137-150. 

Lotfalipour, M. R., Falahi, M. A. and Ashena, M. (2010). Economic growth, CO2 

emissions, and fossil fuels consumption in Iran. Energy, 35: 5115-5120.  

Lui, X. (2005). Explaining the relationship between CO2 emissions and national 

income—The role of energy consumption. Economic Letters, 87: 325-328. 

Lutter, R. (2000). Developing countries‘ greenhouse emissions: Uncertainty and 

implications for participation in the Kyoto protocol. The Energy Journal, 21: 41-

120. 

Maddala, G. S. (1999). On the use of panel data methods with cross-country data. 

Annales D’économie Et De Statistique. Retrieve at 

http://annales.ensae.fr/anciens/n5556/vol5556-18.pdf. 

Maddala, G. S. and Wu, S. (1999). A comparative study of unit root tests with panel 

data and a new simple test. Oxford Bulletin of Economics and Statistics, 61 

(Special Issue): 631-652. 

Manne, A. S. and Richels, R. G. (1999). The Kyoto Protocol: The cost-effective strategy 

for meeting environmental objectives? The Energy Journal, Kyoto Special Issue: 

1-23. 

Martinez-Zarzoso, I. (2008). The impact of urbanization on CO2 emissions: Evidence 

from developing countries. Social Science Research Network Electronic Paper 

Collection: Retrieve at http://ssrn.com/abstract=1151928. 

Martinez-Zarzoso, I. (2009). A general framework for estimating CO2 emissions. Paper 

provided by Ibero-America Institute for Economic Research in its series Ibero 

America Institute for Econ. Research (IAI) Discussion Papers with number 180. 

Martinez-Zarzoso, I. and Bengochea-Morancho, A. (2004). Pooled mean group 

estimation of an environmental Kuznets curve for CO2. Economic Letters, 82: 

121-126. 

Martinez-Zarzoso, I., Bengochea-Morancho, A. and Morales-Lage, R. (2007). The 

impact of population on CO2 emissions: Evidence from European countries. 

Environmental and Resource Economics, 38: 497-512. 

Martinez-Zarzoso, I. and Maroutti, A. (2011). The impact of urbanization on CO2 

emissions: Evidence from developing countries. Ecological Economics, 70 (7): 

1344-1353. 

Masih, A.M.M. and Masih, R. (1996). Energy consumption, real income and temporal 

causality: results from a multi-country study based on cointegration and error 

correction modelling techniques. Energy Economics, 18: 165-183. 

Masih, A.M.M. and Masih, R. (1997). On the temporal causal relationship between 

energy consumption, real income, and prices: some evidence from Asian-energy 

dependent NICs based on a multivariate cointegration/vector error correction 

approach. Journal of Policy Modelling 19 (4), 417-440. 

Matsuo, N. (2003). CDM in the Kyoto negotiations: How CDM has worked as a bridge 

between developed and developing worlds. Mitigation and Adaptation Strategies 

for Global Change, 8: 191-200. 

McManus, K. (2009). The principle of ‗Common but differentiated responsibilities‘ and 

the UNFCCC. Climatico Special  Features, November 2009. Retrieved at 

http://climaticoanalysis.org. 

http://ideas.repec.org/s/got/iaidps.html
http://ideas.repec.org/s/got/iaidps.html
http://ideas.repec.org/s/got/iaidps.html
http://climaticoanalysis.org/


© C
OPYRIG

HT U
PM

184 
 

McKibbin, W. J. and Wilcoxen, P. J. (2002). The role of economics in climate change 

policy. Journal of Economic Perspectives, 2 (16): 107-129. 

Mehrara, M. (2007). Energy consumption and economic growth: The case of oil 

exporting countries. Energy Policy, 35: 2939-2945. 

Menyah, K. and Wolde-Rufael, Y. (2010). Energy consumption, pollutant emissions and 

economic growth in South Africa. Energy Economics, 32: 1374-1382. 

Merican, Y., Yusop, Z., Noor, Z. M. and Law, S. F. (2007). Foreign direct investment 

and the pollution in five ASEAN nations. International Journal of Economics 

and Management, 1 (2): 245-261. 

Mielnik, O. and Goldemberg, J. (2000). Converging to a common pattern of energy use 

in developing and industrialized countries. Energy Policy, 28: 503-508. 

Milunovich, G., Stegman, A. and Cotton, D. (2007). A review of carbon trading theory 

and practice. Retrieved at http://ssrn.com/abstract=989271. 

Mohamed, A. R. and Lee, K. T. (2006). Energy for sustainable development in 

Malaysia: Energy policy and alternative energy. Energy Policy, 34: 2388-2397. 

Mohapatra, G. and Giri, A. K. (2008). Economic development and environmental 

quality: An econometric study in India. Management of Environmental Quality, 

20: 175-191. 

Mooij, R., Parry, I. And Keen, M. (2012). Fiscal policy to mitigate climate change: A 

guide for policymakers.  Pre-Publication Copy of International Monetary Fund. 

Retrieved at www.imf.org/external/Pubs/FT/books/2012/climate/climate.pdf. 

Molinas, L. (2010). To what extent is Asian economic growth harmful for the 

environment? European Journal of Development Research, 22: 118-134. 

Morancho, A., Tamarit, F. and Zarzoso, I. (2001). Economic Growth and CO2 

Emissions in the European Union. Environment and Resource Economics, 19: 

165-172. 

Mota, R.P. and Dias, J. (2009). Determinants of CO2 emissions in open economies: 

Testing the environmental Kuznets curve hypothesis (1970-2000). Munich 

Personal RePEc Archive (MPRA). Retrieved at http://mpra.ub.uni-

muenchen.de/13342/. 

Mukhopadhyay, K. (2006). Impact on the environment of Thailand‘s trade with OECD 

countries. Asia-Pacific Trade and Investment Review, 2 (1): 25-46. 

Munasinghe, M. (1999). Is environmental degradation an inevitable consequence of 

economic growth: Tunneling through the environmental Kuznets curve. 

Ecological Economics, 29 (1): 89-109. 

Najam, A., Huq, S. and Sokona, Y. (2003). Climate negotiations beyond Kyoto: 

Developing countries concerns and interests. Climate Policy, 3: 221-231. 

Narain, U. and Veld, K. V. (2006). The Clean Development Mechanism‘s low-hanging 

fruit problem:When might it arise, and how might it be solved? Environmental 

and Resource Economics, 40: 445-465. 

Narayan, P.K. and Narayan, S. (2010). Carbon dioxide emissions and economic growth: 

Panel data evidence from developing countries. Energy Policy, 38: 661-666. 

Narayan, P.K. and Smyth, R. (2008). Energy consumption and real GDP in G7 

countries: New evidence from panel cointegration with structural breaks. Energy 

Economics, 30: 2331-2341. 

http://www.imf.org/external/Pubs/FT/books/2012/climate/climate.pdf
http://mpra.ub.uni-muenchen.de/13342/
http://mpra.ub.uni-muenchen.de/13342/


© C
OPYRIG

HT U
PM

185 
 

Neumayer, E. (2002). Can natural factors explain any cross-country differences in 

carbon dioxide emissions? Energy Policy, 30: 7–12. 

Nguyen-Van, P. (2005). Distribution dynamics of CO2 emissions. Environmental and 

Resource Economics, 32: 495-508. 

Nordhaus, W. D. and Boyer, J. G. (1999). Requiem for Kyoto: An economic analysis of 

the Kyoto Protocol. The Energy Journal, Kyoto Special Issue: 93-130. 

North, D. C. (1994). Economic performance through time. The American Economic 

Review, 84(3): 359-368. 

Nourry, M. (2009). Re-Examining the empirical evidence for stochastic convergence of 

two air pollutants with a Pair-Wise approach. Environmental Resource 

Economics, 44: 555–570. DOI 10.1007/s10640-009-9301-9. 

Ockwell, D. G. (2008). Energy and economic growth: Grounding our understanding in 

physical reality. Energy Policy, 36: 4600-4604. 

Odhiambo, N.M. (2009). Energy consumption and economic growth nexus in Tanzania: 

An ARDL bounds testing approach. Energy Policy, 37: 617-622. 

Odhiambo, N.M. (2010). Energy consumption, prices and economic growth in three 

SSA countries: A comparative study. Energy Policy, 38: 2463-2469. 

OECD 2007. OECD Key environmental indicators. Organisation for Economic Co-

Operation and Development, Paris. 

Oh, W. and Lee, K. (2004). Energy consumption and economic growth in Korea: testing 

the causality relation. Journal of Policy Modeling, 26: 973-981. 

Ozturk, I. (2010). A literature survey on energy-growth nexus. Energy Policy, 38: 340-

349. 

Ozturk, I., Aslan, A. and Kalyoncu, H. (2010). Energy consumption and economic 

growth relationship: Evidence from panel data for low and middle income 

countries. Energy Policy, 38: 4422-4428. 

Panopoulou, E. and Pantelidis, T. (2009). Club convergence in carbon dioxide 

emissions. Environmental and Resource Economics, 44: 47-70. 

Pao, H. T. and Tsai, C. M. (2010). CO2 emissions, energy consumption and economic 

growth in BRIC countries. Energy Policy, 38: 7850-7860. 

Paul, S. and Bhattacharya, R.N. (2004). Causality between energy consumption and 

economic growth in India: a note on conflicting results. Energy Economics, 26: 

977-983. 

Panayotou, T. (2003). Economic Survey of Europe. Economic growth and the 

environment. 45-72.  

Payne, J. E. (2008). Survey of the international evidence on the causal relationship 

between energy consumption and growth. Journal of Economic Studies, 37: 53-

95. 

Pearson, J.G. and Fouquet, R. (1996). Energy efficiency, economic efficiency and future 

CO2 emissions from the developing world. Energy Journal, 17: 135-160. 

Pedroni, P. and Yao, J. Y. (2006). Regional income divergence in China. Journal of 

Asian Economics, 17: 294–315. 

Persson, T. A., Azar, C. and Lindgren, K. (2006). Allocation of CO2 emissions permits 

– Economic incentives for emission reductions in developing countries. Energy 

Policy, 34: 1889-1899. 



© C
OPYRIG

HT U
PM

186 
 

Pesaran, M. (2007). A pair-wise approach to testing output and growth convergence. 

Journal of Econometrics, 138: 312-355. 

Phillips, P.C.B. and Sul, D. (2007). Transition modeling and econometric convergence 

tests. Econometrica, 75(6): 1771-1855. 

Phillips, P.C.B. and Sul, D. (2009). Economic transition and growth. Journal of Applied 

Econometrics, 24:1153-1185. 

Prieur, F. (2009). The environmental Kuznets curve in a world of irreversibility. 

Economic Theory, 40: 57-90. Retrieved April 14, 2011, from ProQuest database. 

Quadrelli, R. and Peterson, S. (2007). The energy-climate challenge: Recent trends in 

CO2 emissions from fuel combustion. Energy Policy 35(11): 5938-5952. 

Rai, V. (2009). Promoting clean development: Competing market mechanisms post- 

2012. International Harvard Review, Fall: 70-75. 

Roberts, J. T. and Grimes P. E. (1997). Carbon intensity and economic development 

1962-91: A brief exploration of the environmental Kuznets curve. World 

Development, 25: 191-198. 

Roca, J., Padilla, E., Farre, M. and Galletto, V. (2001). Economic growth and 

atmospheric pollution in Spain: Discussing the environmental Kuznets curve 

hypothesis. Ecological Economics, 39: 85-99. 

Romero-Avila, D. (2008). Convergence in carbon dioxide emissions among 

industrialised countries revisited. Energy Economics, 30: 2265-2282. 

Romuald, K. S. (2011). Education, convergence and carbon dioxide growth per capita. 

African Journal of Science, Technology,Innovation and Development. 3 (1): 65-

85. 

Rong, F. (2010). Understanding developing country stances on post-2012 climate 

change negotiations: Comparative analysis of Brazil, China, India, Mexico, and 

South Africa. Energy Policy, 38: 4582-4591. 

Roodman, D. (2006). How to do xtabond2: An introduction to ―Difference‖ and 

―System‖ GMM in Stata. Center for Global Development: Working Paper No. 

103. 

Roodman, D. (2009). A note on the theme of too many instruments. Oxford Bulletin of 

Economics and Statistics, 71(1): 135-157. 

Rosa, E. A. and Dietz, T. (1998). Climate Change and Society: Speculation, 

Construction, and Scientific Investigation. International Sociology, 13: 421-455. 

Rosser, J. B. and Rosser, M. (2006). Institutional evolution of environmental 

management under global economic growth. Journal of Economic Issues, 40 (2): 

421-429. 

Rothman, D. S. and de Bruyn, S. M. (1998). Probing into the environmental Kuznets 

curve hypothesis. Ecological Economics, 25: 143-145. 

Rothman, D. S. (1998). Environmental Kuznets curves – real progress or passing the 

buck? Ecological Economics, 25: 177-194. 

Rufael, Y. W. and Menyah, K. (2010). Energy consumption, pollutant emissions and 

economic growth in South Africa. Energy Economics, 32: 1374-1382. 

Salim, R. A., Rafiq, S. and Kamrul Hassan, A. F. M. (2008). Causality and dynamics of 

energy consumption and output: Evidence from Non-OECD Asian Countries. 

Journal of Economic Development, 33: 1-26. 



© C
OPYRIG

HT U
PM

187 
 

Sari, R. and Soytas, U. (2009). Are global warming and economic growth compatible? 

Evidence from five OPEC countries? Applied Energy, 86: 1887-1893. 

Sathaye, J. and Ketoff, A. (1991). CO2 emissions from major developing countries: 

Better understanding the role of energy in the long term. Energy Journal, 12: 

161-196. 

Schmalensee, R., Stoker, T.M. and Judson, R.A. (1997). World carbon dioxide 

emissions: 1950-2050. The Review of Economics and Statistics, 80: 15-27. 

Scruggs, L. A. (1998). Political and economic inequality and the environment. 

Ecological Economics, 26: 259-275. 

Selden, T. M. and D. Song (1994), ‗Environmental quality and development: Is there a 

Kuznets curve for air pollution?‘ Journal of Environmental Economics and 

Management. 27 (2): 147-162. 

Selden, T. M. and D. Song (1995), ‗Neoclassical growth, the J curve for abatement and 

the inverted U curve for pollution.‘ Journal of Environmental Economics and 

Management, 29 (2): 162-168. 

Seputiene, J. and Sekuncikiene, S. (2011).The relationship between economic 

development and economic freedom: The case of transition economies. 

Economics, Management, and Financial Markets, 6(1): 790-799. 

Shafik, N. and Bandyopadhyay, S. (1992). Economic growth and environmental quality: 

Time series and cross-country evidence. Background Paper for World 

Development Report 1992, The World Bank, Washington DC. 

Sharma, S. S. (2011). Determinants of carbon dioxide emissions: Empirical evidence 

from 69 countries. Applied Energy, 88: 376-382. 

Shuyun, Y. and Donghua Y. (2011). The causality between energy consumption and 

economic growth in China: Using panel method in a multivariate framework. 

Energy Procedia, 5: 808-812. 

Silva, C. D. E. and Zhu, X. (2009). Emissions trading of global and local pollutants, 

pollution havens and free riding. Journal of Environmental Economics and 

Management, 58: 169-182. 

Singh, R. B. (2010). Regional Report on Agricultural Research for Development in the 

Asia-Pacific Region. Asia-Pacific Association of Agricultural Research 

Institutions (APAARI) and Asian Development Bank (ADB). 

Soytas, U. and Sari, R. (2003). Energy consumption and GDP: causality relationship in 

G-7 countries and emerging markets. Energy Economics, 25: 33-37.   

Soytas, U., Sari, R. and Ewing, B. T. (2007). Energy consumption, income, and carbon 

emissions in the United States. Ecological Economics, 62: 482-489. 

Stern, D. I. (2000). A multivariate cointegration analysis of the role of energy in the US 

macroeconomy. Energy Economics, 22: 267-283. 

Stern, D. I. (2003). Energy and economic growth. C. J. Cleveland (ed.) Encyclopedia of 

Energy, Academic Press, San Diego CA. 

Stern, D. I. (2004). The rise and fall of the environmental Kuznets curve. World 

Development, 32: 1419-1439. 

Stern, N. (2008). The economics of climate change. American Economic Reviews: 

Papers and proceedings, 98 (2): 1-37. 

Strazicich, M. and List, J. A. (2003). Are CO2 emission levels converging among 

industrial countries? Environmental and Resource Economics, 24: 263–271. 



© C
OPYRIG

HT U
PM

188 
 

Sun, W.J. (2000). Is CO2 emission intensity comparable? Energy Policy, 28: 1081-1084. 

Swinton, J. R. and Sarkar, A. (2008). The benefits of the Kyoto Protocol to developing 

countries. Environ Dev Sustain, 10: 731-743. DOI 10.1007/s10668-007-9082-7. 

Tabrani, A., Lawrey, R. N. and Pillarisetti, J. R. (2012). Emissions trading and the 

potential benefits for ASEAN: Exploring the possibilities for Brunei 

Darussalam. Journal of Sustainable Development, 5(11): 46-55.  

Taguchi, H. and Murofushi, H. (2008). Do developing countries enjoy the latecomer‘s 

advantage or suffer the latecomer‘s disadvantage in environmental management? 

The case of SO2 and CO2 emissions. Economic and Social Research Institute, 

Discussion Paper Series No.205. 

The World Economic Forum and the Organization for Economic Co-operation and 

Development (OECD). (2011). Arab World Competitiveness Report 2011-2012, 

Geneva: World Economic Forum. 

Torras, M. and Boyce, J. K. (1998). Income, inequality, and pollution: A reassessment 

of the environmental Kuznets curve. Ecological Economics, 25: 147-160. 

Tucker, M. (1995). Carbon dioxide emissions and global GDP. Ecological Economics, 

15: 215-223. 

Tulpule, V., Brown, S., Lim, J., et al. (1999). The Kyoto Protocol: An economic 

analysis using GTEM. The Energy Journal: 257-397. 

United Nations Conference on Trade and Development (UNCTAD). UNCTAD 

statistics. Retrieved from http://unctad.org/en/Pages/Statistics.aspx/ 

United Nations, Framework Convention on Climate Change (UNFCCC). (1992). 

Retrieved from http://unfccc.int. 

United Nations Framework Convention on Climate Change (UNFCCC). (2006). 

Background paper for the workshop on reducing emissions from deforestation in 

developing countries (Part II): Policy approaches and positive incentives. 

Workshop on reducing emissions from deforestation in developing countries 

Rome, Italy from 30 August - 1 September 2006.  

United Nations Industrial Development Organization (UNIDO). (2008). Policies for 

Promoting Industrial Energy Efficiency in Developing Countries and Transition 

Economies. Retrieve at http://www.unido.org/index.php?id=o71852. 

Unruh, G. C. and Moomaw, W. R. (1998). An alternative analysis of apparent EKC-type 

transitions. Ecological Economics, 25: 221-229. 

Vollebergh, H. R. J., Bertrand, M. and Dijkgraaf, E. (2009). Identifying reduced-form 

relations with panel data: The case of pollution and income. Journal of 

Environmental Economics and Management, 58: 27-42. 

Wagner, M. (2008). The carbon Kuznets curve: A cloudy picture emitted by bad 

econometrics? Resource and Energy Economics, 30: 388-408. 

Wang, H. (2011). Decoupling measure between economic growth and energy 

consumption of China. Energy Procedia, 5: 2363-2367. 

Wang, K., Zou, L., Guo, J. et al. (2011). Carbon emission patterns in different income 

countries. International Journal of Energy and Environment, 2(3): 447-462. 

Watson, J., MacKerron, G., Ockwell, D. and Wang, T. (2007). Technology and carbon 

mitigation in developing countries: Are cleaner coal technologies a viable 

option? Human Development Report 2007/08. 

http://unfccc.int/
http://www.unido.org/index.php?id=o71852


© C
OPYRIG

HT U
PM

189 
 

Westerlund, J. and Basher, S. A. (2008). Testing for convergence in carbon dioxide 

emissions using a century of panel data. Environmental Resource Economics, 

40: 109-120. DOI 10.1007/s10640-007-9143-2. 

Weyant, J. P. and Hill, J. N. (1999). Introduction and overview. The Energy Journal, 

Kyoto Special Issue: vii-xliv. 

Wooldridge, J. M. (2009). Introductory Econometrics: A modern approach. Fourth 

Edition, South-Western Cengage Learning. 

Wolde-Rufael, Y. (2009). Energy consumption and economic growth: The experience of 

African countries revisited. Energy Economics, 31: 217-224. 

World Development Indicator (WDI). 2010. World Bank, Washington DC. 

Yanchun, Y. FDI and China‘s Carbon Dioxide Emissions: 1978–2008, Proceedings of 

the 7
th
 International Conference on Innovation & Management, Wuhan 

University of Technology, China, Dec 4-5, 2010. 

Yi, W. (2006). China‘s environmental and developmental issues in transition. Social 

Research, 76: 277-291. 

York, R., Rosa, A. and Dietz, T. (2003). A rift in modernity? Assessing the 

anthropogenic sources of global climate change with the STIRPAT model. The 

International Journal of Sociology and Social Policy, 23: 31-51. 

York, R., Rosa, A. and Dietz, T. (2003). Footprints on the earth: The environmental 

consequences of modernity. American Sociological Review, 68: 279-300. 

Yu, E.S.H., Choi, P.C.Y. and Choi, J.Y. (1988). The relationship between energy and 

employment: a re-examination. Energy System Policy, 11:  287-295. 

Zecca, A. and Chiari, L. (2010). Fossil-fuel constraints on global warming. Energy 

Policy, 38: 1-3. 

Zhang, J. (2008). Foreign direct investment, governance, and the environment in China: 

Regional dimensions. Unpublished doctoral thesis, University of Birmingham, 

United Kingdom. 

Zhang, X. P. and Cheng, X. M. (2009). Energy consumption, carbon emissions, and 

economic growth in China. Ecological Economics, 68: 2706-2712. 


	(1)THESIS TITLE
	Abstract
	(3)TABLE OF CONTENTS recent
	CHAPTER 1
	(5) REFERENCES (recent)



