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Abstract 
The Kyoto Protocol is one of the most important international climate change treaties 

aimed at fighting global warming. On January 1
st
 2005, the protocol was enforced 

with its first commitment period 2008-2012. However, the effectiveness of reducing 

CO2 emission has long been debated. The purpose of this thesis is to empirically as-

sess the impact of the Kyoto Protocol on carbon dioxide reduction across countries, 

whether the protocol led significant difference after entering force in 2005. The data 

used in this thesis cover 37 Annex B countries and 148 non-annex B countries from 

1990 to 2007. The models are constructed on the basis of the various contributing fac-

tors to CO2 emissions and the Environmental Kuznets Curve model. The main find-

ing is contrary against the result expected. The insignificant dummy variable cannot 

indicate that there is a “structural break” of CO2 emissions reduction after the Kyoto 

Protocol was implemented. The conclusion is that political agreements such as Kyoto 

Protocol cannot show critical effects on reducing carbon dioxide. The underlying 

main driving factors of CO2 emission are energy use, electricity from coal source, 

fossil fuel burning, in other words, industrialization. And the technology develop-

ments cannot keep in pace with finding a new energy source and effectively control-

ling CO2 emissions in the short run. 
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1 Introduction 

The Greenhouse gas (GHG) impact on global warming has attracted more attention by many 

economic and political researchers in recent years. Since it is believed that when the GHGs, 

especially CO2 attracts energy from the sun, the climate atmosphere gets warmer with a con-

sistent rise in world‟s temperature (Kumazawa & Callaghan,2010). 

Furthermore, although greenhouse gas naturally occurs in the atmosphere, but the problem of 

global warming is caused to a large extent by human activities, such as burning fossil fuel and 

deforestation. The global CO2 emission caused by human activity has increased by 10% from 

the years 1990 to 1999 (Dagoumas, Pappagiannis & Dokopoulos, 2004). According to reports 

from the Intergovernmental Panel on Climate Change (IPCC), CO2 is the most important an-

thropogenic greenhouse gas („the atmospheric concentration of CO2 in 2005 exceeds by far 

the natural range over the last 650,000 years‟
1
). As a result, serious environmental problems 

may be caused by, for instance, the rising sea level and global dimming, which is the reduc-

tion of sunlight reaching earth surface.  

Many government and institutions have taken steps to address the carbon emission reduction 

and climate problems. The signing of Kyoto Protocol is probably a significant historic step 

towards emission reduction and mitigating climate change.  

The Kyoto Protocol is an international climate change treaty aimed at fighting global warm-

ing. Although the protocol was initially adopted in Kyoto, Japan on December 1997 at the 

third Conference of the Parties (COP-3) to the United Nations Framework Convention on 

Climate Change (UNFCCC). However, it actually came into effect on 16 February 2005 with 

Russia‟s ratification. It remains comprehensive by having 193 countries ratified 2010. Among 

these ratified countries, 37 industrialized countries with CO2 reduction commitment/targets 

are called Annex B countries, and the rest are non-Annex B countries.  

The ratification of Kyoto Protocol though, addresses the issues of climate change from a polit-

ical perspective. The debates arise indifferent between the costs of GHG mitigation and the 

actual environmental effects of climate change (Golub, Markandya & Marcellino, 2006). 

Because the Kyoto Protocol is an unprecedented international commitment in mitigating cli-

mate change, its effectiveness has been very much doubted. It is claimed that because of 

emission trading, countries can simply buy emission quota from another country, rather than 

reduce their own carbon emissions; or on the other hand, shift productions causing CO2 from 

developed to developing countries (Dasgupta, Laplanta,Wang & Wheeler, 2002; Jaffe, Peter-

son, Portney & Stavins, 1995. cited by Kumazawa et al., 2010).  

 

                                                 

1. Summary for Policymakers- a report of Working Group I of the Intergovernmental Panel 

on Climate Change. 
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1.1 Purpose 

The purpose of this paper is to empirically assess the impact of the Kyoto Protocol on CO2 

emission and explore the real driving factors of CO2 emissions, by using data from the years 

1990 to 2004 and 2005 to 2007, on two different groups: industrialized Annex B countries 

with emission reduction and non-Annex B countries, which are developing countries. 

The research question to be answered by this paper is: 

Is the Kyoto Protocol effective in reducing CO2 emission? What are the most important driv-

ing factors of CO2 emissions? 

To carry out the empirical analysis, data on each country‟s CO2 emission is gathered from the 

World Bank Website, together with a number of independent variables. And the regression 

analysis is based on a augmented Environmental Kunzets Curve (EKC) model. 

 

1.2 Outline of the paper 

The disposition of this thesis is presented as follows. The thesis starts with an introduction 

and the purpose of the study. Section 2 gives a general background with how a proper climate 

policy is made, and the economic impacts of the Kyoto Protocol as well as its controversial 

problems. After a brief overview of previous studies, section 4 presents the related theories 

and the basis of constructing the following models. In section 5, data source and models with 

hypothesis are presented. Empirical finding, analysis and the discussions are followed in the 

next section. The thesis will end with a final conclusion. 
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2 Background and Previous Studies 

Before analyzing the effectiveness of the Kyoto Protocol, this section will first provide readers 

with some political backgrounds in making climate policies. As well as the economic impacts 

that the Protocol has on each country However, this section will end with some problems of 

the Kyoto Protocol, which arise the question: is the Kyoto Protocol an effective treaty in im-

plementing emission reduction. 

2.1 Decision–making on climate policy 

It is argued that the climate policy fighting for global warming should be based on rational 

decision-making, which „requires balancing the cost of GHG emission abatement and the 

benefits of avoided undesirable consequences of global warming.‟ (Böhringer, 2003, p.452). 

In order to make the policy effective and efficient in reaching a sustainable development 

while not harming the economy, the balance between costs and benefits needs to be estab-

lished. On the other hand, Böhringer (2003) also claimed that when establishing a climate pol-

icy, it is crucial to apply classic cost-benefit analysis. This analysis transfers policy impacts 

into monetary terms, making the impacts more comparable and obvious. It also helps on de-

termining the equilibrium level with maximum benefits, where marginal costs are equal to 

marginal benefits. However, Azar and Lindgren (2003) pointed out that cost-benefit analysis 

is not a proper analysis when it comes to setting emission reduction amounts because ethical, 

discounting and distributional issues are involved. While using the cost-benefit analysis to as-

sess climate policies, one should always consider the inequities over the countries brought by 

climate change. This consideration is vital because the impacts of climate change on econo-

mies is not evenly distributed among the industrialized and relatively poor nations.  

Mitigating global warming cannot be achieved by any individual country alone, and climate 

policies should prevent free riders in the meantime. The benefits gained in the flight against 

global warming can be considered as a public good. A public good means the costs for 

providing service to an extra person is zero, but is not possible to prevent anyone from enjoy-

ing it.  

Any efforts contribute to mitigate climate change could benefit the whole population on earth. 

The marginal cost of reducing emission for one country is equal to the marginal benefit for all 

other countries. Marginal benefit equal marginal cost because the benefit from GHG emission 

reduction takes an account of the accumulative emissions in the atmosphere. The nature of 

climate change implies that policy makers, have various ways to fight against global warming. 

(Wigley, Richels & Edmonds 1996. cited by Böhringer, 2003) 

As one of the most important greenhouse gases, CO2 causes global warming by making the 

earth become warmer, raising the sea level and other negative physical effects. Still, the un-

certainties about the speed of climate change are complex and difficult to understand. One 

reason could be that the GHGs (especially CO2) remain in the atmosphere long after they are 

emitted (Schmalensee, Stoker & Judson, 1998, cited by Kumazawa, 2010). Therefore, it is 

difficult to estimate the exact impact of the emission, and for how long this impact will be 
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eliminated. Accordingly, forecasting with several decay‟s time span is required in analyze and 

making climate policies. Böhringer (2003) in his article pointed also that some economists do 

not admit the extinction of a species as an impact of climate change. 

 

2.2 Economic impacts of Kyoto Protocol 

Nordhaus and Boyer (1999) carried out an economic analysis of the Kyoto Protocol by using 

the RICD-98 model. They concluded that the net global cost of the protocol is approximately 

$716 billion in present value. The benefit-cost ratio is around 1/7. Additionally, they claimed 

that the emissions policy is highly cost inefficient.   

 

By implementing the Kyoto Protocol, all ratified countries will share the generated financial 

burden, including macroeconomic variables such as: inflation, unemployment, and changes in 

consumption-saving trends. When developed Annex B countries reduce emission, oil prices 

will increase consequently. Therefore, the petroleum producing countries will be facing high-

er challenge by employing more environmental friendly technologies. As a result, the national 

income will be dampened among those countries. However, the inflation they suffered from 

the short run will increase the country‟s competitiveness (Böhringer & Vogt, 2003 cited by 

Böhringer 2003). 

 

On the other hand, the non-Annex B countries cannot view themselves in isolation from the 

protocol. According to its Clean Development Mechanism (CDM), industrialized Annex B 

countries have to make investments or transfer environmental friendly projects to developing 

countries. In this way, the Kyoto Protocol establishes a wide range of international mecha-

nisms for better achievements in the future (Böhringer, 2003).  

 

Nevertheless, Böhringer (2003) still interprets the positive aspects of the Kyoto Protocol: 

even without distinct reduction in GHG emissions, particularly the CO2 emissions, this first 

international environmental treaty provides a good starting point by establishing widely 

ranged and focused mechanisms, which allows amendment in the future. In addition, a 5-year 

commitment period provides policy makers enough time for information updating and flexi-

bility to adjust the commitment. 

 

2.3 Controversies of Kyoto Protocol 

As the first established emission reduction treaty, Kyoto Protocol has attracted universal criti-

cisms from different perspectives, with major focus on its economical inefficiency, unobjec-

tiveness, and inequitability.  

The opponents of this international commitment disagree by stating that the Kyoto Protocol 

„setting targets and timetables for emission reduction, is seriously flawed‟ (Mckibbin & Wil-

coxen, 2002, p.125), and this „deeply flawed agreement that manages to be both economically 
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inefficient and politically in practical‟ (McKibbin et al., 2002, p.107). The failure in Kyoto 

Protocol comes from its disability in providing a good economic structure in mitigating cli-

mate change. Nordhaus et al. (1999, p.125) found out that the commitment does not contrib-

ute to „bear any relation to an economically oriented strategy that would balance the costs and 

benefits of GHG reductions‟. From this point of view, „the Kyoto Protocol is an impractical 

policy focused on achieving an unrealistic and inappropriate goal‟ (McKibbin et al., 2002, 

p.127).  

 

Article 3 of the Kyoto protocol outlined a binding target for 38 industrialized countries plus 

the European Union. Therefore, there are in total 39 groups to reduce GHGs emissions by 5.3% 

compared to the 1990 baseline level for the time period 2008-2012. However, to some extent, 

together with the chosen base year 1990, there are inequalities in ensuring political process to 

determine which country should reduce what specific amount (Barrett, 1998). 

What is more, among the industrialized Annex B countries with emission targets (see Table 1); 

six of them have a target amount of zero. Australia, Iceland and Norway even have targets of 

increasing emissions, which means by the end of the first commitment period, these countries 

should somehow increase greenhouse gas emission respectively by 8%, 10% and 1% based on 

their 1990 emission level. In addition, the emission targets for New Zealand, the Russian Fed-

eration and Ukraine are 0%. Both situations mentioned above are argued as politically ineffi-

cient (Barrett, 1998) 

To be mentioned, the countries are allowed to engage in different mechanisms under the Kyo-

to Protocol: emissions trading; clean development mechanism and joint implementation be-

tween Annex B countries. These mechanisms provide flexibility for countries to sell their un-

necessary emission quota to others. As a result, the countries are likely to have less incentive 

to reduce GHG emission, because they can simply buy emission quota from others, but not 

from a political or productive efficient way to reduce emissions. 
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Table 1, Countries included in Annex B to the Kyoto Protocol and their emissions tar-

gets. 

 

*  The 15 States who were EU members in 1997 when the Kyoto Protocol was adopted, took on that 8% target 

that will be redistributed among themselves, taking advantage of a scheme under the Protocol known as a “bub-

ble”, whereby countries have different individual targets, but which combined make an overall target for that group 

of countries. The EU has already reached agreement on how its targets will be redistributed. 

**Some EITs have a baseline other than 1990. 

*** The US has indicated its intention not to ratify the Kyoto protocol.  

Note: Although they are listed in the Convention’s Annex I, Belarus and Turkeyare not included in the Protocol’s 

Annex B as they were not Parties to the Convention when the Protocol was adopted. 

Source: UNFCCC Countries included in Annex B to the Kyoto Protocol and their emissions targets 

The protocol bales six different kinds of GHGs together instead of specifying targets on each 

greenhouse gas emission (Barrett, 2008). As a result, the attention is not paid on the most 

harmful gases causing global warming, and is therefore less efficient in mitigating climate 

change. Another problem concerns the participation and compliance of participants 

(Böhringer, 2003). The United States is the only industrialized country in Annex B that has 

not yet ratified the protocol, although the Sates play a crucial role leading up to the interna-

tional agreement. This lack of ratification means the US‟s target of 7% emission reduction 

will not be accomplished, which accounts approximately a quarter of the world‟s emissions 

(Sathiendrakumar 2003 cited by Kumazawa 2010). Furthermore, developing countries are 

completely exempt from the emission targets, which provide them a competitive edge that are 

not shared by industrialized nations.  

2.4 Previous Studies 

Although the Kyoto Protocol has impact on a worldwide level the effectiveness of this inter-

national agreement has been debated ever since its inception in 1997. Many early researchers 

Country Target (1990** - 2008/2012)

EU-15*, Bulgaria, Czech Republic, Estonia, 

Latvia,Liechtenstein, Lithuania, Monaco, 

Romania,Slovakia,Slovenia, Switzerland

-8%

US*** -7%

Canada, Hungary, Japan, Poland -6%

Croatia -5%

New Zealand, Russian Federation, Ukraine 0

Norway 1%

Australia 8%

Iceland 10%
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attempted to assess the impact of the Kyoto Protocol on CO2 emissions, because CO2 is one 

of the most common pollutants and has great impact causing global warming. Furthermore, 

these studies had concluded that the protocol might not be effective in the short run. Within a 

short period, a lower level of CO2 emission for a particular country can be achieved by shift-

ing production activities from home to another country, mainly the less developed countries. 

An emission reduction in one country with raises in another makes no overall changes (Das-

gupta et al., 2002; Jaffe et al., 1995; Sathiendrakumar, 2003, cited by Kumazawa, 2010).  

In contrast, some studies take a look at the positive aspects of the protocol together with one 

of its mechanisms: emission trading. Greenhouse gas emissions as a new commodity can be 

traded between Annex B parties. As pointed in Article 17 of the Kyoto Protocol, countries 

that have emission units to „spare – emissions permitted them but not „used‟ – can sell this 

excess capacity to countries that are over their targets‟. Thus in the form of emission reduc-

tion or removal created by this new commodity, carbon as the principal greenhouse gas is 

now able to be tracked and traded as any other commodity. In addition, emission trading as-

sists the commitment to perform properly. A study from Snowmass and Colorado (1999) 

found out that ratifying the Kyoto Protocol would actually improve environmental effective-

ness, because trading emission quotas between countries could reduce carbon equivalent leak-

age and thus mitigate climate change. Furthermore, their study found out the emission trading 

mechanism under the protocol reduces overall cost for industrialized Annex B countries to 

meet their assigned targets, and thus provide greater opportunities to achieve the goal through 

various ways (Snowmass et al., 1999). 

For those developing non-Annex B countries without emission reduction targets, there are ad-

vantages for them to sign the Kyoto Protocol. Primarily, they are more likely to have a com-

parative advantage by entering a new market for environmental services. By preserving for-

ests and replacing resources with pollution, the country can capitalize the value with emis-

sions trading and its benefit in the end to reach a sustainable development. Second, because of 

the scarce of abatement capital in developing countries, controlling emission, would make 

them more attractive for abatement capital investment. Finally, negotiation of trade agree-

ments by well-developed and adequate institutions helps the developing country to expand 

both its internal and international markets (John & Amin, 2008). 

On the other hand, some other studies examined how the growth in GDP per capita affects the 

CO2 emission, which is commonly known as the Environmental Kuznets Curve (EKC) (Shaf-

ik 1994; Grossman & Krueger 1995; Schmalensee et al. 1998; Dijkgraaf & Vollebergh, 2005, 

cited by Kumazawa, 2010). The effect of diesel and gasoline consumption per capita; indus-

trial production, measured as value added to GDP; energy use as well as the electricity pro-

duction from coal sources have not been addressed to date. Therefore a new model is estimat-

ed with all these possible independent variables to test which variable is more significant and 

how the CO2 emission is being affected.  
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3 Theoretical Framework 

The theoretical issues in this section are divided into four parts. The first part gives some 

brief idea of what factors can contribute to CO2emissions. The following two sections discuss 

theories within economics, the game theory and trade theory. The last part introduces the En-

vironmental Kuznets Curve (EKC) Model, which will be analyzed using our data. 

3.1 Contributing Factors to CO2 

Most of the deteriorations of the climate change are driven by economic incentives. Forests 

are damaged because of lumbering for wood products, cash crops are increasingly taking the 

place of the traditional crops and more and more livestock are grazed due to the growing pop-

ulation. The industrialization is the head leading cause of global warming, due to the mass en-

ergy use, vast electricity produced from coal sources and fossil fuel burning.  

Human activity is one of the main sources of greenhouse gases. Figure 1 demonstrates the 

breakdown of the contribution to the total global GHG emissions based on different sectors. 

And the composition data is from UNFCCC‟s report in 2005, based on UNFCCC definitions. 

One can easily see that energy and fossil fuel production, as well as industrial process has the 

most severe contribution to the GHG emissions. Public electricity and heat production comes 

to the first place with 40% of total CO2 emissions. And both internal transportation and man-

ufacturing industries and construction bear around 20% of the total emissions. 

 

 

(Source: International Energy Agency (IEA) “Carbon Dioxide Emissions by Economic Sector 2005) 

Figure 1. Percent of Carbon Dioxide (CO2) Emissions by Sector (Year 2001) 

 

40% 

6% 19% 

20% 

9% 

6% 

Global CO2 Emissions 27,898 million metric tons in total 2001  

Public Electricity & Heat
Production

Other Energy Industries

Manufacturing Industries
& Construction

Internal Transportation

Residential

Other Commercial, Public,
and Agricultural Sectors
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The phrase “the population bomb,” created by Paul Ehlrich is one typical opinion regarding 

the enormous population growth as the main cause of the global environmental problems. 

However, such opinion is flawed. Although environmental issues are related to human activi-

ty, it is industrialization that causes the problem we have today. The regions with the lowest 

population growths are normally the developed countries, which have higher emissions 

amounts than the developing countries and are the main emitters of CO2. Without a doubt, in 

the near future, huge amounts of CO2 emissions will be created from developing countries, 

such as China and India because these countries are on the high way towards industrialization. 

More precisely, Table 2 illustrates historical and current (data until 2006) economic output is 

in the dominant position of effecting CO2 emissions. In fact, the industrialized countries with 

only 20% of total population contribute 70% of CO2 emissions cumulatively. While the less 

developed regions with 80% of global population only take 30% of the responsibility of car-

bon emissions (Chichilnisky, 2006) 

 

Table 2. Share of Total World Carbon Dioxide Emissions, Population, and GNP for In-

dustrial and Less Developed Countries (as a%) 

Countries Cummulative Current Population GNP 

Industrial 70% 60% 20% 84% 

Less Developed 30% 40% 80% 16% 

 

(Source: Graciela Chichilnisky, 2006, Global Property Rights The Kyoto Protocol and the Knowledge 

Revolution, Changement Climatique) 

 

3.2 Game theoretic analysis  

The authors assume that government‟s decision on whether ratifying the Kyoto Protocol or 

not is based on a broad balance of economic and political factors. The Kyoto Protocol is dis-

puted with regard to the economic costs on GHG mitigation, feasibility of proposed plans and 

high costs of implementation. While many previous studies have attempted to examine the 

costs, it is not possible to draw a firm estimation. Because the definition of what these costs 

are has not yet come into an international agreement. And there might always be some under-

lying driving factors of the unobserved costs.  

As the negotiation of the approach of mitigating climate change goes on, countries and au-

thorities are showing a trend of ratifying commitments with unilateral actions. From an eco-

nomic perspective, this behavior can be viewed as a repeated Prisoner‟s Dilemma, under 



 

 
11 

game theory analysis. (Axelrod, 1985). Prisoner‟s Dilemma is a problem of cooperation be-

tween ratified countries of Kyoto Protocol.  

In the Prisoner‟s Dilemma game, two individuals can either choose to cooperate or betray 

each other. Axelrod R. and Hamilton W.D. (1981) pointed out the payoff between players is 

dependent on their own conditions, and is irrelevant with the other‟s choice. They also sum-

marized that „No matter what the other does, the selfish choice of defection yields a higher 

payoff than cooperation. But if both defect, both do worse than if both had cooperated.‟ (Ax-

elod et al., 1981, p.1391). And when there are more than two players in the game, it becomes 

the multi-player version of Prisoner‟s Dilemma, which is the condition of global negotiation 

over climate change.  

Summarized by Stern Review, if the ratified nations cooperate to tackle climate change, the 

estimated costs would be approximately 1% of GDP per capita. On the other hand, the costs 

will rise and finally end with a range of 5% to 20% of GDP per capita, when nation ignored 

the commitment and do nothing about emission controls (Stern Review, cited by Liebreich, 

2007). As presented by the payoff table (see Table 3) may provide a better understanding on 

future development of the climate negotiations. 

 

Table 3. Simplified Climate Change Prisoner’s Dilemma Pay-off Table (Scores are esti-

mated in percentage loss of GDP per capita) 

You Cut Emissions (Co-
operate) 

You score You score 

 -1% to -21%  -4% to -24% 

Opponent scores Opponent scores 

 -1% to -21% 0% to -20% 

You Refuse to Act (De-
fect) 

You sore you scorecore 

0% to -20% 0% to -20% 

Opponent scores Opponent scores 

 -4% to -24% 0% to -20% 

 

Opponent Cuts Emissions 
(Cooperate) 

Opponent Refuses to Act (Defects) 

 

(Source: Stern Review; New Energy Finance. Cited by Liebreich, 2007.) 
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Liebreich (2007) draws that: If the rest of ratified countries under Kyoto Protocol obey their 

commits of emission reduction but not you, a free-ride benefit is created. As a result, climate 

is mitigated without any cost on you but instead a 1% saving of annual GDP per capita. 

If only your country takes action on emission reduction, but the rest does not, the cost for 

your country will be the costs of cutting emission plus the reduced economic competitiveness, 

which has been estimated as 3.0% GDP. 

If you and/or other players defect, everybody will end up with less cost. However, as pointed 

by Axelod (1981), no matter what your opponents do, you will always be better off by not 

cutting emission. Studies have been done to prove that if the Prisoner‟s Dilemma is repeated 

cooperation would likely emerge, rather than mutually destructive behavior. (Liebreich, 2007) 

Scott Barrett (1999) with used empirical studies to find out that full cooperative outcome of 

the Prisoner‟s Dilemma occurs when the number of players is small, and with a self-enforcing 

commitment. For international problems (ex. Global warming), cooperative outcomes can on-

ly be sustained by a self-enforcing commitment when the gains from playing the game are 

small. 

 

3.3 Trade Theory view of Kyoto Protocol 

Because the costs of emission abatement differ among countries, the uniformed reduction tar-

gets are therefore impossible and inefficient. As a result, based on economic trade theory, it is 

necessary to introduce free trade emission permits, which minimize the overall costs caused 

by emission reduction. Copeland and Taylor (2005) suggested a re-examination of the articles 

under the Kyoto Protocol. Particularly, they found the independent emission reduction by the 

more developed Western countries could create self-interested emission reduction by the less 

developed Eastern countries. Simple regulations such as uniform reductions may be efficient 

if and only if trade in emission permits is not allowed. However when the trade in emission 

permit occurs, the both participants worse off with an increase in world emission. 

Literatures in this area also mentioned the problem of „free rider‟. It occurs when some un-

constrained countries outside the commitment frame increase their GHG emission meanwhile 

ignoring the contributions that have been made by other signature parties. From a trade theory 

perspective, one assumes that there is a consistent emission reduction in more developed An-

nex B countries. And if the price of pollution-intensive goods increases, the emission rises in 

those unconstrained non-Annex B countries as a result. This is because those countries are 

voluntary in emission reductions, and thus their emission rises through free rider and substitu-

tion effects. However, this is not the only case, because the emission in non-Annex B nations 

may fall due to income effects and increasing demand in environmental qualities (Copeland et 

al., 2005). 

The highlight under free trade theory is that: free trade is used to demonstrate how trade in 

goods equalize the country‟s marginal abatement costs, and if the relationship does not hold 



 

 
13 

to offset each other, then trade in permit is required. Copeland (2005, p.230) summarized this 

situation as: „Overall, the unilateral cutback alters the location of world production of dirty 

goods, raises their relative price, and may create complementary policy changes in the uncon-

strained countries especially over the long time horizons though relevant to the global warm-

ing debate.‟ 

Trade theories also address the issues on emission trading markets and carbon leakage. Car-

bon leakage is not exactly the same as carbon emission: leakage occurs when there is an in-

crease in one country‟s CO2 emission because of constrained emission reduction of another 

country.  

By comparing pre and post-market equilibrium when linking emission trading systems (ETS), 

Marschinski, Flachsland and Jakob,(2010) found out that with international trade in goods and 

services, linking ETS will cause leakage to occur if an economy has no national emission cap. 

This kind of provoked leakage is likely to occur in the form of increasing emission in the non-

capped sectors. However, the situation differs depends on which industry is concerned: „in 

case of asymmetric linking, i.e. when the respective output goods are imperfect substitutes, 

leakage is prevented and may even become negative‟ (Marschinski et al., 2010, p.17). 

When trade theory and economic impacts are analyzed together under emission abatement 

condition, Böhringer and Rosendahl (2009) found out countries with no ETS sectors have 

higher marginal abatement costs compare to the EU ETS. Under the policy framework, trade 

theory also emphasizes the importance of location, because the impact exerted from GHG 

emissions are not the same across countries and regions. However, their impacts on the global 

environmental may not vary with locations.  

 

3.4 Environmental Kuznets Curve Model 

Empirical studies on the Environmental Kuznets Curve (EKC) model purported to find out a 

relationship between environmental degradation and the country‟s economic development, 

represented by its GDP.  It has been proved that the relationship is not linear but rather a 

curve with peak and bottom, the shape of the curve varies with different countries. „In other 

words, each country has its own EKC, which is determined by the resource endowment, the 

composition of economic activities within the whole economy, and social customs.‟ (Diao, 

Zeng, Tam & Tam, 2008, p.542) 
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(Source: Lieb, C.M. (2003), The Environmental Kuznets Curve – A Survey of the Empirical Evidence 

and of Possible Causes) 

Figure 2. Shape of the Environmental Kuznets Curve 

 

An inverted U-shaped relationship has been discovered, as shown by Figure 2 above. Until 

certain level of national income, there is a positive relationship between GDP and pollution at 

the primary stage, followed by a decline in pollution and an increase in GDP. However, this 

U-shaped relation does not always represent the case. Friedl and Getzner (2003) studies 

whether or not if there is an existence of the U-shaped EKC relationship in small open econ-

omy. To be surprised, a cubic (N-shaped) relationship between GDP and GHG emission was 

found. Although they share the same trend as an inverted U-shaped curve, the relationship be-

tween pollution and GDP was still positive when certain income level was exceeded. (Diao et 

al. 2008) 
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4 Data and Model Testing 

4.1 Data Source and Expected Results 

The data for this paper comes from the World Data Bank (see Table 4 with the variable meas-

urements). The World Data Bank provided the information of two fuel consumptions from 

road sectors separately. And we summed up the diesel and gasoline furl per capita consump-

tion together. The value added from the industry sector is measured by the net output of in-

dustry as a percentage of GDP. The International Standard Individual Classification (ISIC) 

defines the term “industry” including construction, electricity, gas, mining, manufacturing and 

water. This variable is added because a previous study from Aldy (2005) shows that the emis-

sions-intensive industries grow faster under less regulated environment. The dataset collected 

for analysis covers 185 countries (37 Annex B countries and 148 non-Annex B countries). We 

divided the countries based on the fact that only the industrialized countries from Annex B 

specifically set the emissions reduction targets. The information of all countries covers from 

base year 1990 up to 2007, and we divided the time into two periods 1990-2004 and 2005-

2007 because countries started signing the protocol from 1990 gradually, but it was year 2005 

when the Kyoto Protocol actually entered force. Due to the missing information in some 

countries over the years, the final datasets ended up with unbalanced pooled data. All Kyoto 

Protocol information is obtained through the UN Framework Convention on Climate Change 

(UNFCCC) website and the documents published.  

 

Table 4. Data Sources  and Variable Measurements with Expected Sign 

              

Variable 
 

Measurement 
 

Data Source 

 

Expected 
Sign 

CO2it    
The amount of CO2 emissions measure in 
metric tons 

  
World Data 

Bank     

GDPCAPit   
Real GDP per capita in current $US   

World Data 
Bank   + 

GDPCAPit
2
   

Real GDP per capita square in current $US   
World Data 

Bank   - 

COALit   
National electricity production from coal 
sources measured in percentage of the total 

  
World Data 

Bank   
+ 

ENERGYit    
National energy use measured in kilogram of 
oil equivalent 

  
World Data 

Bank   
+ 

FUELit    
Sum of road sector diesel and gasoline fuel 
consumption per capita measured in kt of oil 
equivalent 

  
World Data 

Bank   
+ 

INDit   
Industry sector value added as percentage to 
total GDP 

  
World Data 

Bank   
+ 

PERIOD   
Dummy variable “0”=the first period 1990-
2004, “1”=the second period 2005-2007 

    
  

- 
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Based on the hypothesis of the Environmental Kuznets Curve (EKC) model, which stated that 

the environmental impact indicator is an inverted U-shaped function of income per capita 

(Stern, 2004), the authors do not have a certain expected sign for the coefficient of GDP per 

capita. If it is true that high income levels can lead to environmental improvements, it is ex-

pected that the value of the coefficient GDPCAPit
2
 for both Annex B and non-Annex B coun-

tries are negative. The signs of the coefficients for the other four variables, COALit, ENER-

GYit, FUELit, INDit are expected to be positive. Because based on the contributing factors of 

CO2 emissions stated in the theoretical framework, these factors might be the real underlying 

reasons of increasing CO2 emissions. The more energy we use, the more vehicles on the road, 

which means the more diesel and gasoline we consume and the more CO2 emissions per capi-

ta we will bear. However, when the government promotes more widely using hydroelectric 

generation and nuclear/wind/solar power, less electricity production from coal sources, CO2 

emissions will decrease to a considerable degree. Moreover, because industrial sector bears 

relatively more responsibility of CO2 emissions than other sectors, such as services, it is ex-

pected that one country gets more CO2 emissions when the percentage of GDP added from 

the industry sector increases. For the dummy variable, it is expected to see a negative sign of 

coefficient for the dummy variable, implying that the Kyoto Protocol does have effective 

power on reducing CO2 emissions. 

 

4.2 Model and Hypothesis 

Model 1: 

CO2it =  +  GDPCAPit +  COALit +  ENERGYit + εFUELit + λINDit + μ 

where: the subscripts denote the data of i-th country in the t-th year; CO2it, the amount of 

CO2 emissions; GDPCAPit, the GDP per capita; COALit, national electricity production from 

coal sources; ENERGYit, national energy use; FUELit, the sum of road sector diesel and gaso-

line fuel consumption per capita; INDit, the industry sector value added as percentage to total 

GDP;  = Constant; , ,  ,ε,λ = Coefficients; μ = Residuals. 

H1: There is no significant difference of CO2 emissions reduction performance between An-

nex B and non-Annex B countries in the same time period. 

 

Model 2: 

CO2it =  + 1 GDPCAPit + 2 GDPCAPit
2

 +  COALit +  ENERGYit + εFUELit + λ

INDit + σPERIOD+μ 

where: the subscripts denote the data of i-th country in the t-th year; CO2it, the amount of 

CO2 emissions; GDPCAPit, the GDP per capita; GDPCAPit
2 

, the square of GDP per capita; 

COALit, national electricity production from coal sources; ENERGYit, national energy use; 
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FUELit, the sum of road sector diesel and gasoline fuel consumption per capita; INDit, the in-

dustry sector value added as percentage to total GDP; PERIOD = the dummy variable 

(“0”=the first period 1990-2004, “1”=the second period 2005-2007);  = Constant; 1, 2 , , 

 ,ε,λ ,σ = Coefficients; μ = Residuals. 

H2: There is no significant difference of CO2 emissions reduction performance brought about 

by the Kyoto Protocol  between time periods 1990-2004 and 2005-2007. 

 

4.3 Statistical Analysis 

Table 5. Descriptive Statistics for Period 90 - 07 

                    

 
Annex B Countries

b
   Non-Annex B Countries

c
 

Variable Min Max Mean 
Std. De-
viation 

  Min Max Mean 
Std. Devi-

ation 

CO2 emissions 

GDP per capita 

Electricity from coal 

Energy use 

Fuel use per capita 

Industry, value added 

Valid N (listwise) 

 
YEAR: 1990 until 2007 
 
b. Annex B: Group of countries/parties included in Annex B in the Kyoto Protocol that have agreed to a target for their GHG 
emissions reduction 

c. non-Annex B:The countries/parties that are not included in the Annex B inthe Kyoto Protocol 

 

By comparing the mean values collected from Annex B and non-Annex B countries, as the 

Table 5 above indicates, there are significant differences between the industrialized Annex B 

countries with emission reduction targets, and those less developed non-Annex B countries 

with no targets. The following independent variables are being compared: average GDP per 

capita measured in current USD; average diesel and gasoline fuel consumption per capita; 

value added to industrial production as a percentage of GDP; the energy use and the electrici-
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ty production from coal resources. All the data are collected between the base year 1990 and 

year 2007. 

The major differences between the two target groups are indicated by the mean values, and 

from this mean column, with the exception of electricity production variable, Annex B coun-

tries represents higher average CO2 emission comparing to non-Annex B countries. The aver-

age CO2 emissions and energy used in Annex B countries are almost triple those of non-

Annex B countries, whereas the average GDP per capita, average diesel and gasoline fuel 

consumption shows even larger differences, the figure for Annex B countries is approximately 

six times more than those for non-Annex B countries.  

However, compared with non-Annex B countries, the industrialized Annex B countries have 

lower electricity production from coal resources. This is because, the developing countries 

have relatively less environmental friendly technologies, and a high speed of economic devel-

opment. Therefore their production is more coal source intensive, which generates higher 

CO2 emission. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
19 

5 Empirical  Analysis and Discussion 

5.1 Different Emissions Performance 

Based on our first model, a series of four separate regressions were conducted. Regressions 

are run with data sets of Annex B countries and non-Annex B countries individually in re-

gards to the two divided periods 1990-2004 and 2005-2007. Detailed summaries of statistics 

are reported in Table 6 below. The estimated coefficients indicate that the patterns of CO2 

emissions reduction between Annex-B facing reduction targets and non-Annex B that not are 

significantly different.  

 

Table 6. Regression Output Model 1 – Performance Comparison 

Constant 

  

GDPit  

  

COALit 

  

ENERGYit  

  

FUELit  

  

INDit  

  

R squared 
 

Notes:  

*** = significant on the 1% level, ** = significant on the 5% level and * = significant on the 10% level. 

 

 

The column of unstandardized beta values of coefficients indicate that there are three ele-

ments that play the most vital role in affecting the CO2 emissions in the case of Annex B 

countries, including electricity production from coal sources, energy use and road sector fuel 

consumption per capita. However, there is a certain discrepancy of the most important varia-
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ble between two periods. During 1990 to 2004 of Annex B countries, the fuel consumption 

has the highest unstandardized beta value 0.568, which is slightly higher than the other two. 

Years after the protocol entered into force, the beta value of fuel consumption fell to 0.311, 

and energy use made the most contribution, which is slightly higher than the electricity pro-

duction from coal. All of the three variables mentioned above show a significant influence on 

CO2 emissions on a 1% significance level. GDP per capita also shows considerably signifi-

cant influence on various confidence levels. The factor industry value added also only shows 

a significant influence for Annex B countries, but for non-Annex B.  

On the other hand, the situation is quiet different for non-Annex B countries. Over the years, 

the variables of GDP per capita and industry value add do not show a significant unique con-

tribution to CO2 emissions prediction, as well as the factor fuel consumption during the time 

before the Kyoto Protocol entered into force. Energy use is always playing a vital role in af-

fecting CO2 changes among the developing non-Annex B countries, increased from 0.549 up 

till extremely high value 0.975. All factors except GDP per capita are positively related to 

CO2 emissions regardless of Annex B or non-Annex B countries.  

 

5.2 Effectiveness of the Kyoto Protocol 

One important policy question we address here is the effectiveness of the Kyoto Protocol. 

This international agreement entered force in 2005, and we arbitrarily call it the “structural 

break time”. The first period of time we test are the years after countries starting signing the 

Kyoto Protocol until it became enforced, 1990 to 2004. During this time, the effect of the 

Kyoto Protocol is hypothesized to a relatively minimal level, because the countries were 

simply signing and ratifying/approving the Kyoto Protocol. The second time period we test 

are for the years after the protocol went into force in 2005 until 2007. Although the Kyoto 

Protocol‟s first commitment period began on January 1, 2008, the second break we test is hy-

pothesized to have significantly larger effect compared to the first break. Countries put more 

efforts on reaching the target after the first commitment period and the international market of 

carbon credits worth billions of dollars has been developed.  

A dummy variable called “PERIOD” is added to the original model, indicating the breaks pre- 

and after 2005. And the variable GDPCAPit
2
 is added to test the existence of EKC. The de-

tailed summary of results is reported in the following table (Table 7). The added coefficient 

for the dummy variable will indicate whether there is significant difference of CO2 emissions 

between the first period 1990 - 2004 and the recent years 2005 – 2007. If the value of this co-

efficient belongs to a significant level, we could conclude that the Kyoto Protocol does have 

considerable impacts on CO2 emissions reduction after entering force in 2005, and vice versa. 
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Table 7. Regression Output Model 2 – Protocol Effectiveness 

 

 

 

Constant 

  

GDPit  

  

GDPit
2
 

  

COALit 

  

ENERGYit  

  

FUELit  

  

INDit  

  

Dummy 

  

R squared 
 

Notes:  

*** = significant on the 1% level, ** = significant on the 5% level and * = significant on the 10% level. 

 

 

The R-squared values are valued 0.621 and 0.839 for regressions of Annex B and non-Annex 

B countries respectively. Although, the R-square for Annex B regression is lower than the 

Annex B regression, which approximately 62% of the variance from the second model can be 

explained. Both of the results still show considerably large explanation, and the second model 

is a good predictor.  

Dummies for both Annex B and non-Annex B countries are highly insignificant, which im-

plies that the CO2 emissions can be explained by the second with indicators on the right hand 

regardless of the periods before and after the Kyoto Protocol entered force. 
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GDP per capita is insignificant at 5% confidence level in the Annex B regression, but signifi-

cant in the other one. In any case, it is not the vital contributor to CO2 emissions because the 

beta value is quite small. In order to test EKC model, we will discuss later in addition with 

GDP per capita square. 

The factor electricity from coal, energy and fuel consumption, and industrial value are posi-

tively related to CO2 emissions. As long as these indicators‟ values go up, the amount of CO2 

emissions will increase as a result. 

One more percent of electricity is produced from coal sources among the total, approximately 

0.022 more metric ton of CO2 emissions per capita from non-Annex B will bear, and triple 

amount for Annex B countries. 

CO2 emissions per capita increases 0.001 metric tons for Annex B and double amount for 

non-Annex B countries when national energy use increases one kilogram of oil equivalent. 

While one more kt of oil per capita is consumed by the road sector diesel and gasoline fuel, 

per capita will bear around five more metric ton of CO2 emission for Annex B countries. But 

it is insignificant for the non-Annex B regression. 

The proportion of the industry sector increased 1% in total GDP, around 0.12 more metric 

tons of CO2 bears from Annex B countries. And it is also insignificant for the second regres-

sion. 

  

5.2.1 Ineffectiveness of the Kyoto Protocol 

The sign of the coefficient for dummy variable should be negative if the expectation was right. 

And a negative dummy variable implies that after the Kyoto Protocol was enforced in 2005, 

the amount of CO2 emissions across countries would considerably decrease. In other words, 

the Kyoto Protocol could effectively control the CO2 emissions. However, neither Annex B 

nor non-Annex B countries‟ dummy variable shows any significant impact on CO2 emissions 

at any confidence level, sine the t value is -0.153 and 0 respectively. As a result, we cannot 

conclude that there is any structural break for CO2 emissions reduction led by the Kyoto Pro-

tocol going into force. A set of literature reviews dozens of different policies regarding to 

control GHG emissions unveiled by governments across the countries (Rabe, 2007, Hunter, 

2008). Unfortunately, we cannot examine in detail whether the policies unveiled after 2005 

are more effective than the ones published before 2005, or vice versa. However, it seems like 

the results of those policies do not have a significant difference on controlling CO2 emissions. 

Thus, we cannot conclude that the Kyoto Protocol is an effective agreement on directly affect-

ing the CO2 emissions reduction or governments‟ environmental policies. The protocol‟s im-

pact and legacy remains highly uncertain. 

Any climate change policy should be a global policy strategy, which involves complex pro-

cesses and multi levels of governance systems. The strategy to stabilize and reduce CO2 
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emissions level, such as the Kyoto Protocol, requires widespread engagement. Among the de-

veloped nations, the United States of America has not ratified the Kyoto Protocol yet, which 

has long been the number one dominant source of CO2 emissions. Any policy fighting for 

climate change cannot omit the active involvement of developing nations such as China and 

India, which are increasingly large contributors to the GHG emissions. Unfortunately, alt-

hough there are 185 countries in total that have ratified/approved the Kyoto Protocol, only the 

37 Annex B countries have set specific targets on their CO2 emissions reduction in the first 

commitment period 2008-2012. Thus, the Kyoto Protocol‟s emissions targets only cover less 

than one third of global emissions. The United States and China represent around one half of 

global emissions, so any agreement that fails to include them into active involvement is far 

less effective than an agreement that has them included. Even regarding to the targets (see 

Table 1), there is no principle explanation for why the EU-15 agreed to 8 percent, Japan only 

6 percent and Australia and Iceland got to increase by 8 and 10 percentage respectively. Some 

scholars believe that the list of targets was not a set of principles of equity or historical emis-

sions. It was just the political give-and-take of what countries thought they could do in their 

domestic arena and how far they could go (Hunter, 2008).  

On the other hand, from the results of our regression, it seems that it is not the climate change 

policy that plays the most vital role on affecting CO2 emissions, but the electricity production 

from coal sources, energy and fuel consumption per capita. Our data since 1990 demonstrates 

how countries perform on reducing carbon emissions. In particular, there are two countries, 

Germany and the United Kingdom, who reduced CO2 emissions by 11% and 3% individually 

10 years after 1990. In the meanwhile, they also gained 20% and 29% of real GDP growth re-

spectively. An important part of the reduction is due to a switch of coal into gas. This similar 

process has all been done by developed Annex B countries in different time periods. Re-

placement of high-fossil energy sources (namely coal and oil) by relatively cleaner energy 

sources (such as hydro, nuclear and natural gas) is commonly affirmed as one of the most ef-

fective means to control CO2 emissions by most of governments and scholars. In recent years, 

some countries are actively seeking a flexible mechanism to allocate credits for emissions re-

duction, such as a market-based trading system. 

 

5.2.2 Examination on EKC 

Within the second augmented model, the variable GDPCAPit
2

 was added, in order to test for 

the Environmental Kuznets Curve (EKC) hypothesis. The EKC hypothesis asserts that there is 

an inverted U-shaped relationship between environmental pollution and the level of income. 

The inverted U-shaped relationship indicates that the environmental degradation starts de-

creasing after the income per capita reaches a critical threshold level. Scholars believe the rea-

son is due to the fact that countries have structural changes in the composition of economic 

output and increased environmental regulation at higher income levels (Egli, 2005, Suri, 1998 

& Stern, 2004). One interesting finding from our test is the beta values and the signs of the 

coefficient for GDPCAPit and GDPCAPit
2
. And our results correspond to the EKC hypothesis, 
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the coefficient of GDPCAPit
2 

for both Annex B and non-Annex B countries bear negative 

signs and being significant at 1% significant level, indicating there an inverted U-shape curve 

exists. 

The concept of EKC was brought by Grossman and Krueger in 1991. The theme was popular-

ized based on the arguments that the demand for improvements in environmental quality will 

increase as the income rises. If the EKC hypothesis was true, governments need not worry 

about the threats from increasing amount of CO2 emission, and only focusing on economic 

growth would be the way to environmental improvement. And there is no need for establish-

ing environmental policy such as the Kyoto Protocol. Intuitively, the authors do not agree 

with the arguments asserted by the EKC hypothesis. Because most of the literatures on EKC 

model are weak in econometric sense. The most severe issue we think of is the model‟s inad-

equacy, in another word, the possibility of omitted variables bias. When we do take diagnostic 

statistics and specification tests into account and use appropriate techniques, we find that the 

EKC does not exist (Perman & Stern, 2003). Although some scholars use the augmented EKC 

model with logarithmic curve (Kumazawa & Callaghan 2010) found that GDP per capita do 

have significant impact on CO2 emission. Based on our results, the variable GDP per capita 

plays tiny role on effecting the CO2 emissions compared to other factors, such as energy & 

fuel consumption and electricity from coal source.  

Although the second model was added with plausibly more effective factors on CO2 emis-

sions, in order to avoid the possibility of omitted variables bias, the EKC is still found exist-

ing. Thus, we cannot deny that EKC is essential an empirical phenomenon. The reasons be-

hind might include: people with higher living standard have the incentives to controlling CO2 

emissions per capita for environmental protection, and technology improvements will eventu-

ally get the environment improved. The existence of EKC reveals the fact that environmental 

policies, such as the Kyoto Protocol, are less useful than people thought. 
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6 Forecasting for Post-2012 

Currently, it is only one year until the first commitment period (2008-2012) of the Kyoto Pro-

tocol runs out. The so-called “post-2012” period has been internationally attracting academic 

attention. Studies have focused on how should one deal with the future after the first com-

mitment period ended. Should one keep the basics of current protocol and make an extension 

of another run of commitment period? If so, will the period be set as another five years and 

will there be a new list of committed targets of CO2 reduction with new countries joining in? 

Or should one consider another climate change policy strategy taking different approaches? 

And how can one make an effective joint commitment within the major emitters such the 

United States, EU and China? 

One weakness of the Kyoto Protocol is the short commitment period with a sequential basis 

every five years. In addition, the difficulty is the continuous negotiation of the committed tar-

gets of reduction amount. Technology developments, like the actual replacement of a new en-

ergy source, cannot be synchronous over the short time period of five years. And five-year pe-

riod does not encourage governments to set proper long term strategy rather than purely fo-

cusing on current short term issues and targets. However, the continuation of one approach 

and negotiation of targets, as well as the difficulty of compliance, might still be an unsolved 

problem even if another different regime is put into act. If the carbon trading will remain 

whatever the regime is, the integration of the carbon market of the United States and other 

markets like Asian markets is needed to form a global market. One suggested solution for the 

issue of equity is to consider all equity principles, including country‟s historical responsibility 

for creating the problem, country‟s capacity to deal with the problem and its common per cap-

ita emissions (Bodansky, 2008).  
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7 Conclusion  

The purpose of this paper aims at examining whether the Kyoto Protocol has significant im-

pact on reducing CO2 emissions for both Annex B and non-Annex B countries and how ef-

fective the protocol is in bring about emission reduction. Most of the literature and previous 

studies have the belief in the Kyoto Protocol being an effective approach and international 

agreement to control the CO2 emissions. However, there are still quite a few critics on the 

protocol. For instance, lacking the ratification of one major polluter the United Stated and the 

active involvement of developing countries like China and India, the commitment period is 

too short to have considerable improvements. In order to test the effectiveness of the protocol, 

four regressions were conducted and the models are based on the driving factors of CO2 

emissions and EKC model.  

Opposed to the relatively main stream‟s opinion, the results of our thesis shows the fact that 

there is no structural break for CO2 emissions reduction led by the Kyoto Protocol when it 

was enforced in 2005. Both dummy variables for the regressions of Annex B and non-Annex 

countries conducted by the second model are far from significant levels. This indicates that 

the amount of CO2 emissions can be explained by the second model regardless of the years 

before and after the Kyoto Protocol was enforced. Thus, we cannot conclude that the Kyoto 

Protocol is significantly effective in bring about CO2 emissions reduction. However, three vi-

tal factors that affect CO2 emissions are found based on the results of the regressions, instead 

if the political agreement. These factors include percentage of national electricity production 

from coal sources, national energy use and fuel (diesel and gasoline) consumption per capita. 

Another result found was the existence of EKC under the second model added with other con-

tributing factors for CO2 emissions to avoid omitted variable bias.  

Most previous studies on the determinants of CO2 emissions focus only on the relation with 

single factor, such as GDP per capita. The models used in this thesis are more comprehensive 

with combining more determinants and EKC model together. Hence, the rejection that the 

Kyoto Protocol is effective in bringing about CO2 emission reduction is more solid. 

One limitation of this thesis is that the panel data only covers the period until 2007. Thus, a 

suggestion for further study is trying to collect more data since the enforcement of the Kyoto 

Protocol in 2005. Ideally, one can analyze the full 5-year data after the first commitment – 

from 2008 to 2012 – is finished will be more comprehensive and convincing. Furthermore, 

whether Annex B countries have met their reduction targets will be determined at that time. 
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Appendices 

Appendix 1: Annex B and non-Annex B country list 

Annex B countries 
 

non-Annex B countries 

Australia 
 

Albania Ghana Oman 

Austria 
 

Algeria Grenada Pakistan 

Belgium 
 

Angola Guatemala Palau 

Bulgaria 
 

Antigua and Barbuda Guinea Panama 

Canada 
 

Argentina Guinea-Bissau Papua New Guinea 

Croatia 
 

Armenia Guyana Paraguay 

Czech Republic 
 

Azerbaijan Haiti Peru 

Denmark 
 

Bahamas, The Honduras Philippines 

Estonia 
 

Bahrain India Qatar 

Finland 
 

Bangladesh Indonesia Rwanda 

France 
 

Barbados Iran, Islamic Rep. Samoa 

Germany 
 

Belize Iraq San Marino 

Hungary 
 

Benin Israel Sao Tome and Principe 

Iceland 
 

Bhutan Jamaica Saudi Arabia 

Ireland 
 

Bolivia Jordan Senegal 

Italy 
 

Bosnia and Herze-
govina 

Kazakhstan Serbia 

Japan 
 

Botswana Kenya Seychelles 

Latvia 
 

Brazil Kiribati Sierra Leone 

Liechtenstein 
 

Brunei Darussalam Korea, Dem. Rep. Singapore 

Lithuania 
 

Burkina Faso Kuwait Solomon Islands 

Luxembourg 
 

Burundi Kyrgyz Republic Somalia 

Monaco 
 

Cambodia Lao PDR South Africa 

Netherlands 
 

Cameroon Lebanon Sri Lanka 

New Zealand 
 

Cape Verde Lesotho St. Kitts and Nevis 

Norway 
 

Central African Repub-
lic 

Liberia St. Lucia 

Poland 
 

Chad Libya 
St. Vincent and the Grena-
dines 

Portugal 
 

Chile Madagascar Sudan 

Romania 
 

China Malawi Suriname 

Russian Federation 
 

Colombia Malaysia Swaziland 

Slovak Republic 
 

Comoros Maldives Macedonia, FYR 

Slovenia 
 

Congo, Rep. Mali Syrian Arab Republic 

Spain 
 

Costa Rica Malta Tajikistan 

Sweden 
 

Congo, Dem. Rep. Marshall Islands Tanzania 

Switzerland 
 

Cote d'Ivoire Mauritania Timor-Leste 

Turkey 
 

Cuba Mauritius Togo 

Ukraine 
 

Cyprus Mexico Tonga 

United Kingdom 
 

Djibouti 
Micronesia, Fed. 
Sts. 

Trinidad and Tobago 
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Dominica Mongolia Tunisia 

  
Dominican Republic Montenegro Turkmenistan 

  
Ecuador Morocco Tuvalu 

  
Egypt, Arab Rep. Mozambique Uganda 

  
El Salvador Myanmar United Arab Emirates 

  
Equatorial Guinea Namibia Uruguay 

  
Eritrea Nepal Uzbekistan 

  
Ethiopia Nicaragua Vanuatu 

  
Fiji Niger Venezuela, RB 

  
Gabon Nigeria Vietnam 

  
Gambia, The Korea, Rep. Yemen, Rep. 

  
Georgia Moldova Zambia 

  
 

    Zimbabwe 

(Source:United Nations Framework Convention on Climate Change 

 http://unfccc.int/kyoto_protocol/status_of_ratification/items/2613.php) 
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Appendix 2: Carbon Dioxide Emissions by Economic Sector  

 

(Source: International Energy Agency (IEA), 2004. CO2 Emissions from Fuel Combustion (2003 Edi-

tion). Electronic database available online at: http://data.iea.org/ieastore/default.asp. Paris: Organi-

zation for Economic Cooperation and Development (OECD).) 

 

Total Carbon 

Dioxide (CO2) 

Emissions (million 

metric tons)

Public Electricity 

& Heat 

Production

Other Energy 

Industries

Manufacturing 

Industries & 

Construction

Internal 

Transportatio

n

Residential

Other Commercial, 

Public, and 

Agricultural 

Sectors

World 27,898.60 37.2 4.7 16.8 18.4 7.8 5.6

Asia (Excl. Middel East) 7,402.80 41.2 4.6 24.4 13.5 6.9 6.3

Europe 6,156.90 40.2 4.2 16.9 19.2 12.1 6

Middel East & N. Africa 1,455.30 32.4 11 20.8 18.6 9.8 11.1

Sub-saharan Africa 467.10 47.1 2.7 17.2 18.4 3.4 2.7

North America 6,202.30 40.9 5.2 12 30.2 6.4 5.2

C. America & Caribbean 484.80 33.3 10.7 17 27 5.6 3.4

South America 731.10 14.1 9.8 26.1 35.7 7.2 5.4

Oceania 383.90 56.7 4.9 16 22.6 2 2.5

Developed 14,718.50 41 4.5 15 23.6 8.6 6.4

Developing 8,623.70 37.6 6.6 24.5 16.4 7.4 5.8

Other Energy Industries include the sum of emissions from fuel combustion used by energy industries. This includes fuel combusted in petroleum 

refineries for the manufacture of solid fuels, coal mining, oil and gas exploration, and other energy-producing industries.

Manufacturing Industries and Construction includes emissions from fuel combustion in all manufacturing industries and construction.

Internal Transportation includes emissions from combustion of fuels for road, rail, air, and other forms of transportation, and agricultural vehicles while 

they are on highways. The emissions include all sectors of the economy, but do not include international aviation or ship emissions.

Residential sources include emissions from fuel combustion in households.

Other Commercial, Public, and Agricultural Sectors includes the sum of emissions from fuel combustion used in agriculture, forestry, fishing, commercial, 

institutional, and other activities that are not accounted for elsewhere.

Percent of Carbon Dioxide (CO2) Emissions by Sector 

VARIABLE DEFINITIONS

Total Carbon Dioxide (CO2) Emissions the mass of CO2 released from the burning (combustion) of fuel in a particular country or region. Fuels combusted 

include coal and coal products, oil, natural gas, industrial waste, and non-renewable municipal waste. CO2 emissions from land use change, biomass fuels, 

and cement manufacture are not included here.

Percent of Carbon Dioxide (CO2) Emissions by Sector the percentage of total CO2 emissions attributed to each sector.

Public Electricity and Heat Production includes the sum of emissions from fuel combustion used for public electricity generation, public combined heat and 

power generation, and public heat plants. Public utilities are defined as those undertakings whose primary activity is to supply the public. Emissions from 

electricity and heat production for producer use (autoproduction) are also included in this variable except where they can be attributed to the industry, 

transport, or "other" sectors.


