
FACTORS AFFECTING CO2 EMISSIONS IN THE 

DEVELOPING COUNTRIES AND  

DEVELOPED COUNTRIES 

YEFAN ZHOU

MASTER OF ECONOMICS 

GRADUATE SCHOOL 

CHIANG MAI UNIVERSITY 

SEPTEMBER 2017 



a

FACTORS AFFECTING CO2 EMISSIONS IN THE 
DEVELOPING COUNTRIES AND 

DEVELOPED COUNTRIES 

YEFAN ZHOU 

A THESIS SUBMITTED TO CHIANG MAI UNIVERSITY IN PARTIAL 

FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF 

 MASTER OF ECONOMICS 

GRADUATE SCHOOL, CHIANG MAI UNIVERSITY 

SEPTEMBER 2017





c

ACKNOWLEDGEMENT 

I would like to express my gratitude to all those who helped me during this thesis. 

First, my deepest and foremost gratitude goes to my beloved family, my parents for 

their financial support, considerateness and great confidence in me during these two years. 

Second, I would like to express my heartfelt gratitude to Lect. Dr. Jirakom 

Sirisrisakulchai, my supervisor, for his instructive advices and useful suggestions on my 

thesis. And I would like to express my heartfelt gratitude to Lect. Dr.Jianxu Liu who 

provides and examines the econometric methodology for my thesis. Without his patient 

instructions, insightful criticism and expert guidance, this thesis would not have been 

possibly completed. 

Third, I also owe special debt of gratitude to all the professors from the Faculty of 

Economics who devoted enlightening lectures. I have benefited a lot from them to prepare 

the thesis. Special thanks go to my friends and classmates who have helped me with study 

for one and a half years. 

Lastly, I also owe my sincere gratitude to Chiang Mai University that provided me 

the great opportunity and scholarship. 

Yefan Zhou



d



e



f

Thesis Title Factors Affecting CO2 Emissions in the Developing 

Countries and Developed Countries 

Author Ms. Yefan Zhou 

Degree Master of Economics 

Advisory Committee Lect.Dr. Jirakom Sirisrisakulchai   Advisor 

 Lect.Dr. Jianxu Liu    Co-advisor 

ABSTRACT 

At present, the problem of global climate change caused by the excessive carbon 

emissions is received extensive attention of the international community. It is the global 

problem covering the international political, economics, energy science and 

environmental aspects and so on. This study investigates the impact of economic growth, 

energy consumption, and other control variables (including financial development, trade 

openness ) on carbon emissions in ten selected countries which the top twenty total carbon 

emissions in the world. It was selected five developing countries (China, India, Brazil, 

Mexico and South Africa) and five developed countries (European Union, the United 

States, Canada, the United Kingdom and Japan) for the different period (including 1983-

2013,1983-1998 and 1999-2013). This paper employs a panel quantile regression model 

that takes unobserved individual heterogeneity and distributional heterogeneity into 

consideration. Moreover, to avoid an omitted variable bias, certain related control 

variables are included in our model. Our empirical results show that the effect of the 

independent variables on carbon emissions is heterogeneous across quantiles. Energy 

consumption increases the carbon dioxide emissions, with the strongest effects occurring 

at different quantiles for sample groups data. But the effects of energy consumption on 

carbon emissions for developed countries greater than developing countries. In view of 

the economic development, developing countries and developed countries present the 

obvious stage characteristics.   
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The empirical observations in support of the Environmental Kuznets Curve (EKC) 

theory in the selected developed countries during the period of 1983-2013, 1983 to 1998 

and 1999 to 2013. However, developing countries (1999-2013) and all selected countries 

(1999-2013) can support the Environmental Kuznets curve (EKC) theory. 4The main 

developed countries have finished the industrialization development of high energy 

consumption and high carbon emissions. But, developing countries are still in the process 

of industrialization that low carbon emission per capital and low the level of income. In 

addition, CO2 emissions will decrease over the time when income increases. Finally, the 

results of the study also provide policymakers with important policy recommendations. 

Energy development program to shift from fossil fuels, such as oil, to clean and renewable 

energy, based on the existing condition of each country. In addition, our findings suggest 

carbon emissions control measures should be tailored differently across low-emissions 

and high-emissions nations. 
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CHAPTER 1 

Introduction 

1.1 Principle and Rationale of the Study 

In recent years, the issue of atmospheric environment pollution caused by the 

excessive carbon emissions is gradually received extensive attention of the international 

community. It is a global environmental pollution problem involved in social production, 

life and other fields. Therefore, not only will it affect development of the economy in the 

future, but also the choice of the current economic development path. In addition, it will 

affect distribution of patterns of economic interests and the policy choice of countries 

around the world. In the view of the world economic development, all countries present 

the obvious stage characteristics. The main developed countries have finished the 

industrialization development of high energy consumption and high CO2 emission. Also, 

industry structure of developed countries is mainly composed of the tertiary industry 

which has low energy consumption and low CO2 emissions. However, developing 

countries are still at the process of industrialization and the economic development pattern 

is given priority to the secondary industry, which is high energy consumption with high 

CO2 emissions. Who should take the primary responsibilities for carbon emissions made 

by those countries producing the products and services or those consuming countries? 

The developing countries will naturally suffer from environmental degradation due 

to their large amount of CO2 emission. These issues have led to extensive and heated 

debates all over the world. Developed countries have reached the high level of economic 

development. However, CO2 emissions need to spend 50 to 200 years to metabolize, so 

the developed countries are still responsible. 

With the rapid growth of the economy, the industrial structure has changed. 

Continuous and rapid economic growth generates a series of benefits such as increased 

income, social stability and increased employment. However, rapid economic growth has 
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also generated some negative phenomena, including excessive energy waste and 

environmental degradation. When the agricultural sector has switched from agricultural 

sector to non-agricultural sector, it spends lots of energy sources and high-polluting 

carbon and oil accounted for a large number of the total energy consumption for a long 

time. The developed countries have finished the industrialization period already and are 

coming into the times of knowledge economy. The CO2 emissions show a downward 

trend, but they should not ignore the historical responsibility of the high CO2 emissions 

during the industrialization period of the developed countries. Developed countries 

should work together with developing countries to control CO2 emissions

 

Source: World Bank 

Figure 1.1: Overview of the CO2 emissions in the world 

Figure 1.1 illustrates the total CO2 emissions and the CO2 emissions per capita. 

From 1970 to 2013, developed countries accounted for 6 countries in the total of carbon 

emission top ten countries, including the United States, European Union, United 

Kingdom, Canada, Japan and Germany. In addition, the five members of the BRICS 

countries, including to Brazil, Russia, India ,China and South Africa were all ranked 

among the twentieth largest emitters. 
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Source: The World Bank 

Figure 1.2: The trend of world carbon emission (metric tons per capita) from 1960 to 
2013 

In Figure 1.2, the CO2 emission of the world sharply raised from 1960 to 1974. The 

environmental pollution effects of carbon emissions are of significant interest. Carbon 

dioxide (CO2) account for the largest share of the greenhouse gases resulting in global 

warming and climate change. Over the six decades, the world has witnessed the 

unequalled economic globalization development. The GDP increases from 1,423.6 billion 

US dollars in 1961 to 76,124 billion US dollars in 2013, accounting for nearly 53.4 times 

with an annual average rate of 8.1%. On one hand, in order to develop the economics and 

to improve the level of income, many countries had to rely on energy consumption in 

their development process. On the other hand, the main reason of environmental pollution 

is the energy consumption issue. 

Despite the global efforts towards the climate change mitigation, the global CO2 

emissions from fossil-fuel combustion and cement production have been growing for 

decades. While previous crisis (e.g. the oil crisis in 1973, the US savings and loan crisis 

in 1979, the collapse of the Former Soviet Union in 1990, and the Asian Financial Crisis 

in 1997) has seriously slowed down the global growth of CO2 emissions for several years, 
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the impact of the 2008 financial crisis on emissions has been very short-lived. The global 

CO2 emissions from fossil-fuel combustion only decreased by 1.90%, from 28.87 Gt in 

2008 to 28.32 Gt in 2009 and then sharply increased to 29.84 Gt in 2010 5.36% increase 

 reaching the highest annual growth rate recorded since 2004. Ever since then, the 

emissions have continued to grow, reaching 32.30 Gt in 2014 (IEA, 2015). Such persistent 

growth and the potential for even higher future growth of CO2 emissions have led to 

extensive worries about the target for limiting global warming to less than 2 °C. 

The United States is the most important country in the pattern of high carbon 

development all the time and it has the highest GDP per capita around the world with the 

large amount of CO2 emissions. As early as 1990, the rate of CO2 emissions per capita in 

the United States reached 19 tons per year and it exceeded 20 tons per year in 2000. Even 

though the rate of emissions per capita in the United States has stabilized, the pace of 

economic development has been significantly affected when the global economic crisis 

occurred in 2008. In addition, the CO2 emissions per capita decreased to 16 tons in 2013. 

The development model of Canada is relatively close to Australia. From 1990 to the early 

Twenty-First Century, the trend of economy growth and CO2 emissions per capita 

increased steadily. But the CO2 emissions per capita of Canada was 18 tons in 2003. 

The European developed countries like Germany, Britain and France existed the 

same carbon development path. With the steady development of economic, the trend of 

CO2 emission per capita became to decrease which means that the CO2 emissions and 

economic development have decoupled. 

After 1990, the development of economy in Japan was basically at a steady pace 

except the 1997 Asian financial crisis and the 2008 year global economic crisis. Yet, the 

corresponding CO2 emissions per capita entered the plateau in the late 90s. In 2013, 

Japan's CO2 emission per capita output was 10 tons which was slightly higher than that 

of Germany. 

As the largest developing country, China is still in the state of rapid economic 

development. It is the upper middle income country, listed by the World Bank. Over the 

past 20 years, the growth rate of GDP per capita was very impressive while the 

corresponding CO2 emissions per capita were basically at the same stage of growth and 

the overall rate of CO2 emissions reached the level of Korea in the middle of 90s. 
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Energy is the prerequisite to guarantee the economic development. No matter how 

the stage of economic development and the level of development of a country are, energy 

consumption cannot be separated. The study of the relationship between energy and 

economic growth began in the early 1970s. Energy is the basis and guarantee of economic 

growth, which provides impetus for the development of the national economy. The degree 

of industrial structure evolution determines the primary energy demand under economic 

growth. For developing countries, the rapid economic development is required a lot of 

energy resources because of the backward technology and being kept in the process of 

industrialization. Moreover, the increase of energy consumption per capita is greater than 

the speed of economic growth, or than the speed of economic growth which is equal to 

the increase of energy consumption per capita. At the same time, the correlation between 

the primary energy demand and economic growth is absolutely positive. 

In different stages of economic development, national economy may differentiate 

the production and development of leading industries, and the level of the economic 

development impacts primary energy consumption and CO2 emissions. Constant change 

and transformation of energy are an important symbol for human society development. 

Once the countries intend to promote economic growth and development, it will surely 

produce a large amount of CO2 emissions and cause the damage to the environment and 

climate change. Moreover, each country could not continue to keep the current economic 

growth model because the current international traditional energy reserves and 

environmental carrying capacity are limited. Therefore, it is significant for both 

developed and developing countries to deal with energy consumption and CO2 emission 

issues with effective measures.  

From the development of the industrial structure analysis, 1920-1945 years is a 

period of rapid development of industrialization in the United States, which energy 

consumption and CO2 emissions were a rapid increase of the national economy. Then, the 

focus of the United States shifted to technology intensive industries. Traditional industries 

and high energy consumption were gradually transferred to Japan and West Germany and 

that decreased energy consumption and carbon emissions of the United States. Especially 

after 1945, the United States entered the service economy development stage which low 

energy consumption of the Third Industry was developing rapidly. Also, the labor 

intensive manufacturing industry were transferred to developing countries. Therefore, the 
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decreasing trend of energy consumption and carbon emissions were expected to be 

showed in this stage. 

For other developed countries, before 1990s, Japanese economy was oriented 

development mode by the government. Although the rapid growth of the economy 

enhanced the industrial structure, the development speed of Japanese Second Industry 

was slow and that caused foreign countries to produce Industrial Hollowing phenomenon, 

resulting in strongly support of the high-speed development of the national economy 

industry. Finally, economies of Japan became a bubble and entered the depression stage. 

Economic growth often shows the rapid increase of energy consumption and the 

large amount of CO2 emissions. For the time being, the "high energy consumption and 

CO2 emissions" developing mode sustains the economic growth of developing countries 

as well as some developed countries. Therefore, the whole world is now facing with the 

great pressure to reduce the increase of CO2 emissions, and from the macroeconomic 

perspective, the rising energy consumption greatly impacts energy price and its 

fluctuations in the world market. It is quite needed to solve the current issue of energy 

consumption and CO2 emissions to maintain the economic growth.  

of the development of the social economy and low carbon economy. Many social and 

economic factors, such as population, income level, energy structure, industrial structure, 

policy guidance, and consumption mode, will affect the country's carbon emissions. 

Different countries have different stages of economic development as well as the degree 

of carbon emissions. Global climate change is not the result of greenhouse gas emissions, 

but the cumulative effect of historical emissions. However, the rate of carbon dioxide in 

the atmosphere increased mainly in the developed industrialized countries in the past 200 

years. Also, carbon emissions from developing countries have increased rapidly in recent 

years. 
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Source:2015 BP Statistical Energy Review 

Figure 1.3: Global energy consumption 1965-2014  

The 1971 Nobel Prize winner, Simon Kuznets, stated that as income per capita 

increases, income inequality also increases at first but then after a turning point, it starts 

to decline. Traditional Environmental Kuznets curve (EKC) shows a hypothesis that 

presents the relationship between the level of income and environmental quality. It 

assumes the existence of an inverted U-shaped relationship between economic growth per 

capita and the environmental pollution, suggesting that when levels of environmental 

damage increase first with the raise of GDP per capita, they then subsequently decline 

(Grossman and Krueger, 1991; Shafik and Bandyopadhyay, 1992). Ever since, the EKC 

hypothesis has become an independent research issue, agitating a large body of theoretical 

world to the environmental change including global warming and climate change. The 

high-income growth in emerging economies has generated a very high environment cost 

in terms of water and air pollution, deforestation, deteriorated air quality, accumulation 

of urban and industrial wastes and loss of biodiversity. These environment problems have 

very dangerous implications for the survival of human life. According to the 

Environmental Kuznets Curve, a typical inverted "U" relationship between economic 

growth and pollutant emissions, before the GDP per capita reaches the inflection point of 

the inverted "U" type, the CO2 emissions increases to the break point first and declines.  
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However, there is still an issue that has been debated about the existence of 

Environmental Kuznets Curve. (Galeotti, 2009; Buehn and Farzanegan, 2013) According 

to Focacci (2005), availability hypothesis research supports Environmental Kuznets curve 

that there is inverted "U" relationship between environmental pollution and GDP per 

capita. However, Richmond and Kaufman (2006) pointed that there is no obvious 

relationship between economic growth and environmental pollution. These arguments 

suggest that CO2 emissions do not necessarily increase as a result of economic growth 

first and then decrease. Environmental Kuznets curve can be used to analyze the 

relationship between economic growth and  emissions through other analytical 

frameworks. 

The motivation behind using a panel quantile regression and 

on emissions is threefold: First, the panel data framework is employed to research the 

determinants of CO2 emissions in developing countries and developed countries because 

it is more advantageous than focusing on one country of providing more informative data, 

more variability, more degrees of freedom and thus greater efficiency in estimation. 

However, tradition regression techniques focus on mean effect, which may lead to under 

or overestimate the relevant efficient or even fail to detect important relationship. 

Moreover, panel data model accommodates the special heterogeneity indicated by region-

-observable and time-invariant intercepts. Therefore, it is significant to 

examine the determinants of CO2 emissions for developing countries and developed 

countries within the panel data framework. Second, this method can describe the entire 

conditional distribution of the dependent variable; therefore, it helps obtain a more 

complete picture of the factors associated with pollutant emissions. Especially, quantile 

regression estimators provide one solution to each quantile. Using this methodology, the 

determinants of emissions can be assessed throughout the conditional distribution, 

especially in the countries with the most and least emissions. From a policy perspective, 

it is more interesting to know what occurs at the extremes of a distribution. By contrast, 

OLS regression techniques are not suitable for making environmental protection policies 

for high-emissions countries. Third, the panel quantile regression estimation results are 

robust to outlying observations of the explained variable and more effective than OLS 

regression, especially when the error term is non-normal, which will help policymakers 

formulate more accurate environmental protection policies. However, only a few papers 
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among variables. 

1.2 Purpose of the Study 

  This study investigates the impact of economic growth (GDP), energy 

consumption, financial development, trade openness, and the lag variable of carbon 

emissions in developed countries (European Union, the United States, Canada, the United 

Kingdom and Japan) and developing countries (China, India, Brazil, Mexico and South 

Africa). It is to find out the evidence to support an inverted U-shaped curve for the 

developing countries and developed countries. Finally, the researcher compares the data 

with the different economic growth level, the different carbon emissions of developing 

and developed countries. 

1.3 Advantage of the Study 

The advantages of this research are displayed as follows: 

First, this study provides the details of typical developing and developed countries 

analyzed by calculating the turning points of EKC in the different period. These findings 

reveal the gaps between carbon emission status and theoretical turning points, which are 

helpful for effective and specific policy-making, and contribute particularly for global 

carbon emission reduction. 

Second, this study provides the benchmark for the each income level, which is 

useful for guiding carbon emission reduction at income level.  

Lastly, this research gives panel quantile regression analysis in the different period 

to identify the turning points in different countries and different income levels. By doing 

so, the results can be enriched. The results of quantile data can ensure that the results from 

panel data are more reliable. 

1.4 Scope of the Study 

This study took 310 observations from the annual yearly data from 1982 to 2013 

for analyzing the relationships among carbon emissions, economic growth, trade 

openness, energy consumption, financial development and other factors as well. It also 

adopt a multivariate approach to avoid omitted-variable bias appropriately. The data used 
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to both dependent and independent variables from the World Development Indicators. 



11 

CHAPTER 2 

Literature review and theoretical background 

2.1 Theoretical Background 

Economic growth accompanied by the evolution of industrial structure, in the 

process of industrial evolution and economic growth, consumed a large amount of energy 

resources, and produced a large amount of carbon emissions, threatening the global 

atmospheric environment. 

2.1.1 The Environmental Kuznets curve (EKC) hypothesi

In 1940s, on the basis of Clark's research, Simon Kuznets, an American 

economist, explored the relationship between industrial structure evolution and economic 

development from two perspectives: Labor Distribution and National income. Agriculture, 

Industry and Services respectively defined in three Industries. 

Economic growth accompanied by the evolution of industrial structure, in the 

process of industrial structure evolution, consumed a large amount of energy resources, 

and produced a large amount of carbon emissions, threatening the global atmospheric 

environment.  

The Kuznets  rule clarifies not only the transfer of labor force and national 

income among the Three Industries, but also the breakdown of the agricultural, industrial 

and service sectors. Clark clearly pointed out that as evolution formed the Three 

Industries along with the economic development. In the initial stage of industrialization, 

the proportion of primary industry is relatively high, and the proportion of second industry 

is low. With the development of industrialization, the proportion of the second industry 

is gradually rising, reaching the middle stage of industrialization development. When the 

proportion of the first industry is reduced to about 10%, the Second Industry accounts for 

the largest proportion of GDP. The country will come into the late industrialization stage 

of development.  
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The environmental Kuznets curve is a hypothesized relationship between 

environmental quality and economic development. Various indicators of environmental 

degradation tend to get worse as modern economic growth occurs until average income 

reaches a certain point over the course of development. Although the subject of 

Environmental Kuznets curve is continually debated, some evidence supports the claim 

that environmental health indicators, such as water and air pollution, show the inverted 

U-shaped curve. It has been argued that this trend occurs in the level of many of the 

environmental pollutants, such as sulfur dioxide, nitrogen oxide, lead, DDT, 

chlorofluorocarbons, sewage, and other chemicals previously released directly into the 

air or water. 

Grossman and Krueger (1995) for the first time examined the basic 

relationship between the size of an economy and the intensity of its emissions, 

discovering that pollution tends to rise during the earliest stages of a country's 

development, and then to decrease after reaching a certain income level. 

  =  +  + + + +   (1) 

where  is a measure of emissions per capita for a given pollutant for country i in year 

t,   is GDP per capita in country i at time t,  -effect term which controls for 

country-  controls for global year effects; and is treated as a 

stochastic,  normally distributed error term, often after   correcting for  serial   correlation 

and   heteroscedasticity. The  , and  and the intercepts for each 

country and year are estimated using a -effect regression. 

Economists offer a wide range of explanations for the shape of the observed 

EKC. One explanation involves the evolution of institutional structures capable of 

internalizing pollution-related externalities (Andreoni and Levinson, 2001). At modest 

income levels, a society may focus on creating jobs, generating wealth, and consuming 

more without much regard to environmental damage. As a country develops, improving 

awareness or rising disutility from pollutants may increase the demand for abatement and 

clean up. This demand could s 

polluters could become targets of organized boycotts. Indeed, merely the threat of 
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from   protesting consumers. Alternatively, collective demand for abatement may appear 

through the political process. 

A second theory explains the observed U-shape by changes in the 

composition of a country's output, particularly for air pollutants and greenhouse gases. 

Some maintain that economies naturally progress from relatively clean agrarian 

by product of this is that developed service-based 

economies will likely import consumption goods from less-developed manufacturing-

based economies, effectively exporting emissions. This model of economic development 

provides an explanation for the formation of pollution havens. 

A third explanation for the EKC is that economic expansion may also 

coincide with technological improvem deliberate or 

unintentional cuts in emissions. As Dasgupta et al. (2002) pointed out, if clean   

technology spreads quickly,  developing countries could experience lower emissions than 

predicted by the EKC at eve

EKC. 

There is little evidence that the relationship holds true for other pollutants, for 

natural resource use or for biodiversity conservation. For example, energy, land and 

resource use, which are sometimes called the "ecological footprint", do not fall with rising 

income in most developed countries. Another example is the emission of 

many greenhouse gas, which is much higher in industrialized countries. In addition, the 

status of many key "ecosystem services" provided by ecosystems, such as freshwater 

provision and regulation (Perman, et al., 2003), soil fertility, and fisheries, have continued 

to decline in developed countries. 

In general, Kuznets curves have been found for some environmental health 

concerns (such as air pollution) but not for others (such as landfills and biodiversity). 

Advocates of the EKC argue that this does not necessarily invalidate the hypothesis  the 

scale of the Kuznets curves may differ for different environmental impacts and different 

regions. If the search for scalar and regional effects can salvage the concept, it may yet 

be the case that a given area will need more wealth in order to see a decline in 

environmental pollutants. In contrast, a thermodynamically enlightened economics 
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suggests that outputs of degraded matter and energy are an inescapable consequence of 

any use of matter and energy (so holds the second law); some of those degraded outputs 

will be noxious wastes, and whether and how their production is eliminated depends more 

on regulatory schemes and technologies at use than on income or production levels. In 

one view, then, the EKC suggests that "the solution to pollution is more economic 

growth;" in the other, pollution is seen as a regrettable output that should be reduced when 

the benefits brought by its production are exceeded by the costs it imposes in externalities 

like health decrements and loss of ecosystem services. 

The environmental Kuznets curve (EKC) is a conceptual model that suggests 

that a country's pollution concentrations rise with development and industrialization up 

to a turning point, after which they fall again as the country uses its increased affluence 

to reduce pollution concentrations, suggesting that the cleaner environment in developed 

countries comes at the expense of a dirtier environment in developing countries. In this 

sense, the EKC is potentially a reflection of the Pollution Haven Hypothesis, because one 

of the factors that may drive the increase in environmental degradation seen in pre-

industrial economies is an influx of waste from post-industrial economies. This same 

transfer of polluting firms through trade and foreign investment could lead to the decrease 

in environmental degradation seen in downward-sloping section of the EKC, which 

models post-industrial (service) economies. 

 

Source: Wikipedia 

Figure 2.1:The modified Kuznets curve, which represents the application of the 

Kuznets curve in Environmental Studies.  
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According to the EKC, there are three stages in  the  intensity  of pollution in 

Figure 2.1. Each stage corresponds to a step in the growth process. At the  pre-industrial 

stage  where  income  per  capita  is low, environment pollution increases. This  increase 

in pollution is explained by factors such as unclean technology used in   economic 

activities, la early stage 

of growth. However, with the increment in income per capita and economic growth,  

followed by improved social  indicators, more investments are made  for safer 

technologies. Households become more willing to target their expenditures towards 

cleaner goods and assets (water, houses, cars, etc.). This stage marks the turning point to 

lower environment pollution. As the economy crosses the pre-industrialization stage and 

moves to the post-industrialization phase, environmental depletion reduces.  

2.2 Literature Reviews  

Nasreen and Anwar (2000) conducted the research of Causal relationship 

between trade openness, economic growth and energy consumption: A panel data analysis 

of  in order to provide new ways in the evaluation of public policies and 

technological innovations in  the energy sector of the Asian countries. A panel data set of 

15 countries over the period 1980 - 2011 is used by using appropriate panel data 

techniques, the effects of energy price, economic growth and trade openness on energy 

consumption for India, Indonesia, Iran, Japan, Jordan, Korea dam, Malaysia, Nepal, 

Philippines, Sri Lanka, Thailand, Vietnam, Pakistan and China. The impact of economic 

growth and trade openness on energy consumption is found to be positive. The panel 

Granger causality analysis revealed the bidirectional causality between economic growth 

and energy consumption, trade openness and energy consumption. 

Ang (2007) examined the dynamic causal relationships between pollutant 

emissions, energy consumption, and output for France using cointegration and vector 

error-correction modelling techniques. He argued that these variables were strongly inter-

related and therefore their relationship must be examined using an integrated framework. 

The results provided the evidence for the existence of a fairly robust long-run relationship 

between these variables for the period 1960 2000. The causality results supported the 

argument that economic growth exerted a causal influence on growth of energy use and 
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growth of pollution in the long run. The results also pointed to a unidirectional causality 

running from growth of energy use to output growth in the short run. 

s (2010) study on the causal relationship between carbon 

dioxide emissions, energy consumption, and economic growth by using autoregressive 

distributed lag  (ARDL) bounds testing approach of  cointegration for  nineteen  European 

countries found a positive long-run elasticity estimate of emissions with respect to energy 

consumption at nmark, Germany,  Greece, Italy and Portugal. 

Positive long-run elasticity estimates of  carbon emissions with respect to real GDP and 

the negative long-run elasticity estimates of carbon emissions with respect to the square 

Italy  were also found. These results supported the validity of environmental Kuznets  

curve (EKC)  hypothesis in  Denmark  and  Italy. This   study  also explored  causal 

relationship between the variables by  using error-correction based Granger causality 

models. 

Sadorsky (2011) examined the causal relationship between total  economic growth,  

energy consumption  and  trade openness. The panel meant group cointegration and panel 

Granger causality approached for the panel of 8 Middle Eastern countries, namely, 

Bahrain,  Iran,  Jordan,  Oman, Qatar,  Saudi Arabia,  Syria and UAE. The empirical 

evidence reported that a long-run relationship existed between the variables. Sadorsky 

found that 1% increase in real GDP per capita increased energy consumption per capita 

by 0.62%. 1% increase in real per capita exports increased energy consumption per capita 

by 0.11% while 1% increase in real per capita imports increased energy consumption per 

capita by 0.04%. Panel Granger causality analysis revealed that  exports caused 

energy consumption and feedback was found between imports and energy consumption 

in the short run. Similarly, bidirectional causality existed between GDP and energy 

consumption in the short run
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CHAPTER 3 

Methodology 

3.1 Research Methodologies /Data Calculating Method 

We will investigate the impact of economic growth (real GDP per capita), energy 

consumption (kg of oil equivalents per capita), trade openness, financial development on 

carbon emissions. In this study will separate five groups to examine. The first group will 

select five developed countries which are largest producers of total CO2 emissions 

(including European Union, the United States, Canada, the United Kingdom and Japan. 

The second group will consider five developing countries which are the largest producers 

of CO2 emissions including China, India, Brazil, Mexico and South Africa. The third 

group will examine ten countries including selected five developed countries and five 

developing countries. The fourth group will examine ten selected countries from 1999 to 

2008. And the last group will examine ten selected countries from 1983 to 1998.

3.1.1 Unit Root Test 

In the stability testing of data by unit root test, this case used the Augmented 

Dickey Fuller test, Philps and Perron (PP) test, Levin Lin Chu test, the Breitung test and 

the IPS test.  

Unit root test is to test whether a time series variable is stationary or not. The 

null hypothesis is generally defined as the presence of a unit root and the alternative 

hypothesis is either stationary, trend stationary or explosive root depending on the test 

used. A commonly used test that is valid in large samples is the augmented Dickey Fuller 

test. And other popular tests include Phillips-Perron test and KPSS test etc. 

1) Philps and Perron (PP) test

Phillips and Perron (PP) test (1988) developed a number of unit tests that

have become popular in the analysis of financial time series. The Phillips and Perron(PP) 

unit root tests differ from the ADF tests mainly in how they deal with serial correlation 
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and heteroskedastic in the errors.  It builds on the Dickey Fuller test of the null 

hypothesis  in , where  is the first difference operator. Like 

the augmented Dickey Fuller test, the Phillips Perron test addresses the issue that the 

process generating data for  might have a higher order of autocorrelation than is 

admitted in the test equation-making  endogenous and thus invalidating the Dickey

Fuller  t-test. Whilst the augmented Dickey Fuller test addresses this issue by introducing 

lags of  as regressors in the test equation, the Phillips Perron test makes a non-

parametric correction to the t-test statistic. The test is robust with respect to 

unspecified autocorrelation and heteroscedasticity in the disturbance process of the test 

equation 

2) Dickey Fuller test  

 Dickey Fuller test tests the null hypothesis of whether a unit root is 

present in an autoregressive model. The alternative hypothesis is different depending on 

which version of the test is used, but is usually stationarity or trend-stationarity. It is 

named after the statisticians David Dickey and Wayne Fuller, who developed the test in 

1979. 

DF test is to be displayed by using an AR(1) model below: 

+  ,       (1) 

Consider the hypothesis is: 

, 

, 

if  y is a nonstationary series and the variance of increases with time and 

approaches infinity. If , y is a (trend-)stationary series.Thus, the hypothesis of 

(trend-)stationarity can be evaluated by testing whether the absolute value of   is strictly 

less than one. 

To simplify the computation, take the first difference of an AR(1) 

process, 

, (2) 
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Where = .Consider the hypothesis is: 

, 

. 

2 Augmented Dickey and Fuller(ADF)test 

Augmented Dickey Fuller test (ADF) tests the null hypothesis of a unit 

root is present in a time series sample. The alternative hypothesis is different depending 

on which version of the test is used, but is usually stationarity or trend-stationarity. It is 

an augmented version of the Dickey Fuller test for a larger and more complicated set of 

time series models.The augmented Dickey Fuller (ADF) statistic, used in the test, is a 

negative number. The more negative it is, the stronger the rejection of the hypothesis that 

there is a unit root at some level of confidence. 

The testing procedure for the ADF test is the same as for the Dickey

Fuller test but it is applied to the model: 

, (3) 

Where   is a vector of deterministic terms (constant, trend etc.) The p lagged  difference  

terms, , are used to approximate the ARMA structure of the errors, and the value of 

p  is set so that the error    is serially uncorrelated. The error term is also assumed to be 

homoscedastic. Consider   the hypothesis is: 

, 

. 

Under the null hypothesis,  is I (1) which implies that =1, and the 

alternative is  is stationary. The ADF t-statistic and normalized bias statistic are based 

on the least squares estimates of (3) and are given by  

=   (4) 
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Table 3.1: Summary of panel unit root tests and hypothesis 

Unit Root Test 
Common Unit Root 

Process 
Individual Unit Root Process 

Methods LLC IPS Breitung 
Fisher-PP and 

ADF 

Null 

Hypothesis 
Has Unit root Has unit root Has unit root Has Unit root 

 

Alternative 

Hypothesis 

Has no unit root 

(stationary) 

Has no unit 

root 

(stationary) 

Has no unit 

root 

(stationary) 

Has no unit 

root 

(stationary) 

Statistics Test T  statistics W - statistics T statistics Chi square 

statistics 

Prob<0.1 0.00-0.10 0.00-0.10 0.00-0.10 0.00-0.10 

 

3.1.2 Panel Cointegration  

The Johansen Fisher panel cointegration test is a panel version of the 

individual Johansen (1988) cointegration test. Based on the same principles underpinning 

the Fisher ADF panel unit root test described above, the Johansen Fisher panel 

cointegration test aggregates the p-values of individual Johansen maximum eigenvalue 

-value from an individual cointegration test for cross-

section i, under the null hypothesis for the panel.  

In case the linear combinations of non-stable series at the non-trend levels 

become stable in the long term, cointegration linkage emerges. In case there is 

cointegration linkage between series, alternative cointegration analyses such as Engle-

Granger (1987), Johansen (1988), Johansen-Jesulius (1990), Paseran (1999) may be run 

(Engle & Granger, 1987 (Johansen, 1988; Johansen & Jusehus 1990; Pesaran & Shin, 

1999). The Engle-Granger (1987) approach is able to find single cointegration vector in 

the series whose first difference is stable (Engle & Granger, 1987). 

In the Johansen (1988) and Johansen-Jesulius (1990) cointegration approach, 

all variables included in the model are identified as inherent; as a result, a VAR model 

where more than one cointegration vectors are existent Johansen & Jusehus. In the 
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Paseran (2001) test, regardless of whether the variables are static at the different levels, 

more than one cointegration vectors may be found (Pesaran, Shin, & Smith, 2001). 

Because the series used in the analysis is I(1), multivariable cointegration analysis 

developed by  Johansen-Jesulius (1990) is used to detect cointegration linkage between 

the variables Johansen & Jusehus. To find the number of cointegration vectors, two 

likelihood ratios (LR), trace statistics (trace, trace statistic) and maximum Eigen statistic 

(max, maximum Eigen statistic), are used (Pazarhoglu 2007). These tests are used in the 

prediction of number of cointegrated vectors. To this end; 

  (5) 

  (6) 

 is the value of characteristic rootd whereas T is the number of observations. At (5), the 

zero by hypothesis for trace statistic (

Zero hypothesis for maximum eigen statistic at (6) ( )here are r+1 cointegrated 

-Jesulius(1990) assume that in both 

tests ,there is optimal delay length for Var(vector autoregressive)process(Johansen, 1988: 

Johansen Juselus, 1990) 

3.1.3 Ordinary Least Square (OLS) Estimator 

In statistics, ordinary least squares (OLS) is a method for estimating the 

unknown parameters in a linear regression model, with the goal of minimizing the sum 

of the squares of the differences between the observed responses in the given dataset and 

those predicted by a linear function of a set of explanatory variables (visually this is seen 

as the sum of the vertical distances between each data point in the set and the 

corresponding point on the regression line  the smaller the differences, the better the 

model fits the data). The resulting estimator can be expressed by a simple formula, 

especially in the case of a single regressor on the right-hand side. The OLS estimator 

is consistent when the regressors are exogenous, and optimal in the class of linear 

unbiased estimators when the errors are homoscedastic and serially uncorrelated. Under 

these conditions, the method of OLS provides minimum-variance mean-

unbiased estimation when the errors have finite variances. Under the additional 

assumption that the errors be normally distributed, OLS is the maximum likelihood 
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estimator. OLS is used in fields as diverse as economics (econometrics), political science, 

psychology and electrical engineering (control theory and signal processing). 

In this research will apply the panel of Ordinary least square by Kao and 

Chiang (1997), FMOLS by Pedroni (1999) by Kao and Chiang (1997) and Pedroni (2001) 

to estimate the long run relationship between dependent variale and independent variables. 

Kao and Chiang (1997) found that OLS estimator. The FMOLS and DOLS may be more 

assurance in assenting the panel co-integration regression Saikkonen (1991), Stock and 

Waston (1993). The general equation is as follow: 

   (7) 

where,  

  = ordinary least square 

 = independent variables in the model 

  = dependent variable in the model 

X*  = the mean of independent variables in the model 

 = is the mean of dependent variable in the model 

3.2 Panel Quantile Regression 

In this paper, I will 

the impact of economic growth, trade openness and energy consumption on carbon 

emissions. By using a panel quantile regression methodology, we can examine the 

determinants of carbon emissions throughout the conditional distribution, especially in 

the countries with the most and least emissions. However, traditional regression 

techniques focus on the mean effects, which may lead to under- or over-estimating the 

 to detect important relationships. 

Quantile regression is a type of regression analysis used in statistics and 

econometrics. Whereas the method of least squares results in estimates that approximate 

the conditional mean of the response variable given certain values of the predictor 

variables, quantile regression aims at estimating either the conditional median or 

other quantiles of the response variable. 
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The quantile regression technique was introduced in the seminal paper by Koenker 

and Bassett (1978). This method is a generalization of median regression analysis to other  

quantiles. The conditional quantile of  given  is as follows 

     (8) 

Quantile regression is robust to outliers and heavy distributions. However, these 

methods do  not  take  into  account the  unobserved heterogeneity of a country. In this  

estimate the conditional heterogeneous covariance effects  of carbon emissions drivers, 

thus controlling for unobserved individual heterogeneity. Some works, such as those by 

Koenker (2004); Lamarche (2010); Galvao  (2011) and  Canay (2011), are focused on the  

econometric theory of applying quantile regressions to panel data.  Consider thefollowing 

xed  effect panel quantile regression model: 

   (9) 

of a considerable   is subject to the  incidental parameters 

problem (Lancaster, 2000; Neyman and Scott, 1948). The estimator will be inconsistent 

when the number of individuals goes 

cross-sectional unit   

quantile regression is relatively scarce is that the inferior approaches to eliminating 

d effects are unfeasible in the quantile regression model. These methods 

rely on the fact that expectations are linear operators, which is not the case for conditional 

quantiles. 

Koenker (2004) proposes an appropriate method for addressing such problems. The 

a effect as parameters to be jointly estimated with the 

covariate effects for different quantiles. The unique characteristic of this method is the 

introduction of a penalty term in the minimization to address the computational problem 

of estimating a mass ter estimate is calculated as 

follows 

   (10) 
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where i is the index for countries (N), T is the index for the number of observations 

per countries, K is the index for quantiles, x is the matrix of explanatory variables,  is 

the quantile loss function. In addition, is the relative weight given to the k-th quantile, 

which controls for the contribution of the k-th quantile on the xed effect. 

We employ equally weighted quantiles   =1/K (Alexander et al., 2011; Lamarche, 

tuning parameter that reduces the individual effects to zero to improve the 

performance of the esti term goes to zero, then the penalty term 

disappears, and we obtain the usual d effects 

mate of the model without individual effects. In this 

. 

Furthermore, we study the effect of economic growth, trade openness, energy 

consumption, financial development and lag one of carbon emissions on carbon emissions 

 of previous studies. We specify the conditional quantiles 

 

    (11) 

where the countries are indexed by i and time by time t. is the emissions indicator.  

3.3 The econometric model of EKC hypothesis 

EKC hypothesis in its general format can be specified as follows (Saboori et al., 

2012):  

)     (12) 

where E is an environmental indicator, Y is income . As the main objective of this study 

is to identify the TP of carbon emission per capita with the increase of the GDP per capita, 

namely EKC hypothesis, therefore other additional variables are not considered in our 

model. The estimation model in logarithm form is as follows : 

      (13) 

where i indicates the country samples (i=1,2,3 ), t indicates the study 

period. represents the fixed effect,  represents carbon emission per capita of the 

group i in the period t,  represents GDP per capita of group i the period t in year t which 

is measured with 2,010 US dollars.  and denote the estimated coefficients. After 
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establishing the estimation model of EKC hypothesis, a TP can be identified by taking 

the derivative of the known quadratic functions of the EKC hypothesis above, the process 

is as follows.  

Let + =0      (14) 

Therefore, the TP of GDP per capita is =exp( )
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CHAPTER 4 

The empirical results 

Firstly, this chapter explains the results from testing stationary by employing vary 

from unit root models such as Levin, Lin, and Chu (LLC) Test, Breitung t-stat Test , 

Im,Pesaran and Shin W-stat (IPS) Test and Fisher Type Test by using Fisher-ADF and 

Fisher-PP in order to make a comparison for the best model which suits to data structure. 

And this part explains whether there is a long-run relationship among these variables 

using Johansen Fisher panel cointegration test proposed by Maddala and Wu (1999). 

Secondly, this chapter explains the different between the traditional regression techniques 

focus (OLS) and quantile regression. Finally, compare with the different between the 

three groups. 

4.1 Data Collection 

This study used the secondary data using annual years data from 1981 to 2013 

obtain 310 observations yearly for analyzing the impact of economic growth, trade 

openness, energy consumption and financial development on carbon emissions in 

developing countries (China, India, Brazil, Mexico and South Africa ) and developed 

countries (European Union , the United States, Canada , the United Kingdom  and Japan). 

The data used to both dependent and independent variables from the World Development 

Indicators of the World Bank. In additional, all variables are transformed into natural 

logarithms prior to empirical analysis.
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Table 4.1: 

Variable Definition  Source 

CO2 Carbon dioxide emissions (metric tons 

per capita)  

World Development 

Indicators 

ENC Energy consumption (kg of oil 

equivalents per capita) 

World Development 

Indicators 

GDP Economic growth (real GDP per capita 

constant USD at 2010 prices) 

World Development 

Indicators 

TRADE Trade openness (% of GDP) World Development 

Indicators 

FIN Financial development, domestic credit 

to the private sector (% of GDP) 

World Development 

Indicators 

 

4.2 Descriptive Statistics 

Summary Statistics presents an overview of the descriptive statistics. Clearly, the 

distributions of all of the variables are skewed, and the kurtosis values show that five 

series distributions are more concentrated than the normal distribution with longer tails. 

The Jarque-Bera statistical test strongly rejects the null hypothesis of normality, 

indicating the non-normality of the unconditional distribution of all of the variables. 

First, comparing with Table 4.1 and Table 4.3, we can observed the mean of carbon 

emissions in developed countries is three times more as developing countries. And the 

GDP per capita for developed countries almost 6.7 times more than developing 

countries.One explanation of this phenomenon is that developed countries have been 

finished The Industrial Revolution already, and the level of economic development of 

developed countries reached  higher than the developing countries. In terms of energy 

consumption(measured to kg of oil quivalents per capita), developed countries are 3.84 

times more than developing countries.And the financial development of developed 

countries is two times higher than the developing countries. But for the level of trade 

openness, developing countries as much as developed countries.
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Table 4.2: Summary Statistics for Developing Countries 
Variable CO2 ENC FIN GDP TO 

 Mean  3.800320  1339.149  50.55407  5361.487  32.81338 

 Median  2.748938  1250.943  44.86623  6300.222  32.36729 

 Maximum  10.04072  2963.363  133.8003  11912.15  63.96637 

 Minimum  0.475150  294.6755  11.11396  403.8780  9.051853 

 Std. Dev.  2.965295  759.0486  32.36816  3421.766  15.03530 

 Skewness  0.897143  0.527005  0.894289 -0.250725  0.232003 

 Kurtosis  2.404932  2.193302  2.910495  1.630544  1.948303 

 Jarque-Bera  23.82378  11.74466  21.38014  14.17908  8.809127 

 Probability  0.000007  0.002816  0.000023  0.000834  0.012221 

 Sum  608.0512  214263.9  8088.651  857837.9  5250.141 

 Sum Sq. Dev.  1398.083  91608617  166584.0  1.86E+09  35943.60 

 Observations  160  160  160  160  160 

Source: Calculation from Eviews 8  

Table 4.3 Summary Statistics for Developed Countries 
Variable CO2 ENC FIN GDP TO 

 Mean  12.25716  5148.565  95.23078  35867.64  35.34004 

 Median  9.627200  3786.431  91.79441  36030.74  37.55270 

 Maximum  20.20761  8441.185  195.6766  49979.53  70.24459 

 Minimum  6.733852  2823.877  30.86014  19914.02  13.07034 

 Std. Dev.  4.571400  2065.834  41.56500  7802.392  16.07964 

 Skewness  0.531317  0.462814  0.729834 -0.111806  0.277642 

 Kurtosis  1.547687  1.318249  2.668725  2.166365  2.004958 

 Jarque-Bera  21.31948  24.26006  14.74915  4.904248  8.548128 

 Probability  0.000023  0.000005  0.000627  0.086111  0.013925 

 Sum  1936.631  813473.3  15046.46  5667088.  5583.726 

 Sum Sq. Dev.  3280.939  6.70E+08  271241.0  9.56E+09  40593.11 

 Observations  158  158  158  158  158 

Source: Calculation from Eviews 8 
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Table 4.4: Summary Statistics for All Countries 
Variable CO2 ENC FIN GDP TO 

 Mean  8.002144  3231.878  72.75193  20518.63  34.06877 

 Median  8.157739  2832.243  63.85608  11791.66  34.78063 

 Maximum  20.20761  8441.185  195.6766  49979.53  70.24459 

 Minimum  0.475150  294.6755  11.11396  403.8780  9.051853 

 Std. Dev.  5.718001  2458.016  43.37866  16413.54  15.58979 

 Skewness  0.611983  0.858503  0.783899  0.257047  0.271086 

 Kurtosis  2.409330  2.548996  3.085311  1.489638  2.017944 

 Jarque-Bera  24.47253  41.75761  32.66483  33.72769  16.67361 

 Probability  0.000005  0.000000  0.000000  0.000000  0.000240 

 Sum  2544.682  1027737.  23135.12  6524926.  10833.87 

 Sum Sq. Dev.  10364.48  1.92E+09  596501.4  8.54E+10  77044.22 

 Observations  318  318  318  318  318 

Source: Calculation from Eviews 8 

  

Source: Secondary data from World Bank(1981-2013) 

Figure 4.1:CO2 emissions (measured in metric tons per capita) for developing countrie 
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Source: Secondary data from World Bank(1981-2013) 

Figure 4.2:CO2 emissions (measured in metric tons per capita) for developed countries 

Figure 4.1 & Figure 4.2 depict the time series of carbon emissions for selected ten 

countries. The carbon emissions in China initially stable increase and signicantlly 

increase from 2002. But for United States and Canada initially increase and then decrease. 

ng because United States and Canada are developed country, 

which arrived the high level of economic growth to supports the EKC hypothesis, i.e., an 

inverted U-shaped relationship between environmental pollution and  income. However, 

there is a persistent slowly increase in the emissions level can be observed in the other 

six countries (including Mexico, Brazil, India, Japan, European Union, UK); thus, the 

trends for carbon emissions, economic growth and energy consumption are similar. This 

nding indicates that the factors that have prompted the persistent increase in carbon 

emissions are somehow related to increase in economic activity and energy consumption. 
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Source: Secondary data from World Bank(1981-2013) 

Figure 4.3: GDP per capita for developing countries 

 

 

Source: Secondary data from World Bank(1981-2013) 

Figure 4.4:GDP per capita for developed countries 

Figure 4.3 & Figure 4.4 show the time series of GDP per capita for five selected 

developing countries and developed countries. There are some factors that may cause the 

difference in the level of economic development between developed countries, such as 

differences in natural re uality of the 

related policies. Indeed, compared with the other countries in the sample, Developed 

countries show the highest variation in terms of not only GDP per capita, but also carbon 

emissions and energy consumption. 
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Source: Secondary data from World Bank 

Figure4.5:Energy Consumption(measured in kg of oil equivalents)  for developing 

countries 

 
Source: Secondary data from World Bank 

Figure 4.6: Energy Consumption(measured in kg of oil equivalents)  for developed 
countries 

Figure 4.5&4.6 show the time series of energy consumption for selected countries. 

The trend of energy consumption is similar with carbon emissions. 
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4.3 Panel Unit Root Tests Result 

Firstly, before estimating the panel quantile regression, all variables are 

transformed into natural logarithms prior to empirical analysis. Secondly, we test whether 

the variables used are stationary. Stationary tests are essential for standard econometric 

theory and without them, we cannot obtain consistent estimators which in turn give 

doubtful or spurious regression results. In order to test for the presence of unit roots, the 

data is examined using the Levin, Lin, and Chu (LLC) Test, Breitung t-stat Test, Im, 

Pesaran and Shin W-stat (IPS) Test and Fisher Type Test by using Fisher-ADF and 

Fisher-PP Test. 

Moreover, Table 4.4, Table 4.5 and Table 4.6 present the results of the panel unit 

root tests. These results indicate that null hypothesis of the existence of a unit root could 

be rejected for one of the variables at the selected level. However, the unit root null 

hypothesis for one of the variables at the first difference could almost be completely 

rejected at 1% level. Therefore, an empirical analysis that uses the first difference 

sequence is necessary.  
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Table 4.5: Penal Unit Root Test for Developing Countries 
 

Source: Calculation from Eviews 8  

Variabl
e 

CO2 ENC GDP FIN TO 

Levels 
Statist

ic 
Prob.*

* 
Statist

ic 
Prob.*

* 
Statist

ic 
Prob.*

* 
Statist

ic 
Prob.*

* 
Statist

ic 
Prob.*

* 

LLC -0.33  0.37  1.02  0.84 -1.21  0.11 -0.79  0.21 -1.45  0.07 

Breitun
g 

-0.02  0.48  1.14  0.87  0.82  0.79 -0.92  0.17 -0.96  0.16 

IPS -0.48  0.31  1.51  0.93 -0.35  0.36 -0.44  0.32 -2.13  0.01 

ADF  11.70  0.30  5.60  0.84 
 14.31

7 
 0.15  9.75  0.46  19.82  0.03 

   PP  11.66  0.30  5.89  0.82 
 11.08

5 
 0.35  11.2  0.33  16.85  0.07 

First Difference 
 

LLC -7.97  0.00 -5.80  0.00 -8.35  0.00 -8.36  0.00 -12.3  0.00 

Breitu
ng 

-5.23  0.00 -6.10  0.00 -6.47  0.00 -7.03  0.00 -8.58  0.00 

IPS -8.75  0.00 -8.07  0.00 -6.51  0.00 -8.88  0.00 -16.3  0.00 

ADF  81.29  0.00  68.86  0.00  54.38  0.00  81.35  0.00 
 175.9

4 
 0.00 

PP  97.43  0.00  69.33  0.00  54.66  0.00  83.84  0.00 
 849.9

5 
 0.00 
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Table 4.6: Penal Unit Root Test for Developed Countries 
 

Source: Calculation from Eviews 8  

Variable CO2 ENC GDP FIN TO 

Levels 
Stati
stic 

Prob.*
* 

Statist
ic 

Prob.*
* 

Statist
ic 

Prob.*
* 

Statist
ic 

Prob.*
* 

Statist
ic 

Prob.*
* 

LLC 
 2.5
20 

 0.99  2.01  0.97  0.08  0.53 -0.429  0.33 -2.042  0.02 

Breitung 
 1.7
98 

 0.96  3.50  0.99  1.75  0.96  1.49  0.93 -0.29  0.38 

IPS  3.1
87 

 0.99  4.13  1.00  1.512  0.93 -0.74  0.22 -0.778  0.21 

ADF 
 1.1
52 

 0.99  0.63  1.00  5.1  0.88  11.57  0.31 
 17.03

1 
 0.07 

PP 
 1.5
3 

 0.99  0.91  0.99  1.916  0.99  6.11  0.80 
 24.19

5 
 0.00 

First Difference 
 

LLC 
-

12.328 
 0.00 -

13.171 
 0.00 -7.353  0.00 -4.483  0.00 -

11.744 
 0.00 

Breitu
ng 

-7.25  0.00 -6.61  0.00 -3.56  0.00 -7.03  0.00 
-

6.5305 
 0.00 

IPS 
-

12.080 
 0.00 

-
13.104 

 0.00 -6.004  0.00 -5.015  0.00 
-

9.9040 
 0.00 

ADF 
 123.6

4 
 0.00 

 124.8
8 

 0.00  49.15  0.00  42.49  0.00 
 85.06

2 
 0.00 

PP 
 127.6

9 
 0.00 

 148.6
1 

 0.00  47.96  0.00  52.62  0.00 
 445.7

7 
 0.00 
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Table 4.7: Penal Unit Root Test for All Countries 

Source: Calculation from Eviews8 

 

4.4 Johansen-Type Panel Cointegration 

Fisher (1932) derives a combined test that uses the results of the individual 

approach to testing for cointegration in panel data by combining tests from individual 

cross-sections to obtain at test statistic for the full panel. 

If s the p-value from an individual cointegration test for cross-section i, then 

under the null hypothesis for the panel, 

     (15) 

By default, EViews reports the  value based on MacKinnon-Haug-Michelis 

(1999) p-value  

 

 
 

Variab
le 

CO2 ENC GDP FIN TO 

Levels 
Statisti

c 
Prob.*

* 
Statist

ic 
Prob.*

* 
Statist

ic 
Prob.*

* 
Statist

ic 
Prob.*

* 
Statist

ic 
Prob.*

* 

LLC  1.31  0.90  2.110  0.98 -1.91  0.11 -0.17  0.432 -3.28 0.01 

Breitu
ng 

 1.06  0.85  3.443  0.99 1.70  0.79  1.32  0.907 -0.88 0.18 

IPS  1.91  0.97  3.990  1.00  0.81 0.11 -0.56  0.284 -2.06 0.19 

ADF  12.86  0.88  6.238  0.99  19.62 0.95  22.98  0.291 36.85 0.12 

PP  13.19  0.86  6.808  0.99  13.00  0.87  17.38  0.628 44.98 0.01 

First Difference 
 

LLC -13.98  0.00 -13.18  0.00 -11.2  0.00 -8.73  0.000 -15.55  0.00 

Breitu
ng 

-8.60  0.00 -8.997  0.00 -6.56  0.00 -8.60  0.000 -9.81  0.00 

IPS -14.7  0.00 -14.99  0.00 -8.98  0.00 -9.84  0.000 -14.14  0.00 

ADF  204.9  0.00  193.7  0.00  104.8  0.00  123.8  0.000  174.0  0.00 

PP  225.1  0.00  217.9  0.00  102.1  0.00  136.4  0.000  605.4  0.00 
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Table 4.8: Johansen Fisher panel cointegration test for Developing Countries 

Hypothesized Fisher Stat.*  Fisher Stat.*  

No. of CE(s) (from trace test) Prob. (from max-eigen test) Prob. 
 

None  110.1  0.0000  62.48  0.0000 

At most 1  54.47  0.0000  18.13  0.0528 

At most 2  42.23  0.0000  19.91  0.0301 

At most 3  32.43  0.0003  14.92  0.1349 

At most 4  47.50  0.0000  47.50  0.0000 

Source: Calculation from Eviews 8 

Table 4.9: Johansen Fisher panel cointegration test for Developed Countries 

Hypothesized Fisher Stat.*  Fisher Stat.*  

No. of CE(s) (from trace test) Prob. (from max-eigen test) Prob. 
 

None  89.78  0.0000  59.94  0.0000 

At most 1  40.55  0.0000  24.95  0.0054 

At most 2  22.57  0.0125  13.55  0.0844 

At most 3  17.24  0.0693  9.716  0.0958 

At most 4  27.64  0.0021  27.64  0.0021 

Source: Calculation from Eviews 8 

Table 4.10: Johansen Fisher panel cointegration test for All Countries 

Hypothesized Fisher Stat.*  Fisher Stat.*  

No. of CE(s) (from trace test) Prob. (from max-eigen test) Prob. 

None  232.8  0.0000  147.8  0.0000 

At most 1  107.2  0.0000  50.95  0.0002 

At most 2  68.87  0.0000  28.69  0.0941 

At most 3  59.51  0.0000  30.26  0.0657 

At most 4  85.05  0.0000  85.05  0.0000 

Source: Calculation from Eviews 8 

As the results of the panel unit root tests indicate that the variables contain a panel 

unit root, we can proceed to examine whether there is a long-run relationship among these 

variables using the Johansen Fisher panel cointegration test proposed by Maddala and 

Wu (1999). In the Johansen-type panel cointegration test, results are known to depend 

heavily on the VAR system lag order. Table 4.7, Table 4.8 and Table 4.9 present the 

results, which use one lag and indicate that four cointegrating vectors exist. 
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4.5 Quantile Regression  

To control for the distributional heterogeneity, the quantile regres

effects in Koenker (2004) is used.  As noted above, the omission of time-

effects could bias the estimates in a typical time series study, which is the source of power 

for our focus on quantile regression analysis with a two-  effect. Table 4.12~4.17 

presents the results of the panel quantile regression estimation for the different groups. 

The results are reported for the 5th, 10th, 20th, 30th, 40th, 50th, 60th, 70th, 80th, 90th 

and 95th percentiles of the conditional emissions distribution. 

4.5.1 Quantile Regression For Developing Countries 

Regarding economic growth, we can observe that the impact of economic 

growth on carbon emissions is positive. There are some significant different percentiles 

2. Initially, t  slightly 

decreases then turns to slightly increase and reach at the peak along with the increasing 

of carbon emissions from the 5th quantile to the 30th quantile. But the increasing level of 

carbon emission fluctuates the coefficient of  from 40th quantile to 95th quantile, 

and as GDP per capita increases 1% the level of carbon emissions increase by 0.266%-

0.332%. Regarding as 2, the coefficient of 2  is negative and  we can observe 

that 2  is clearly heterogeneous. There are highly significant differences across 

different percentiles in the conditional distribution of CO2. Overall, GDP per capita 

 the group exhibit an inversed U-

shaped curve, meaning that the economic growth level initial increase and then decrease 

along with the carbon emissions increases. But for ordinary least squares regression 

model, it is insignificant for one and two fixed effect OLS. And the coefficient of 2 

is positive can not EKC hypothesis. Therefore, it is inappropriate to use OLS regression 

method represent the relationship among variable. And our results are consistent with 

those of Narayan and Narayan (2010) and Chandran and Tang (2013). Overall, compared 

with previous research, these results provide not only evidence that tests the validity of 

EKC hypothesis but also a more complete picture of economic growth in pollution 

emissions.  

The energy consumption has positive effect on carbon emission. The 

coefficient of ENC is strongly significant at different quantiles. Firstly, the coefficient 
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of ENC rises along with the increasing of carbon emission reach at the peak of 40th 

quantile and then turns to decreasing. The The results imply that, as energy consumption 

increases by 1%, the level of carbon emissions increases by 0.848%-0.930%, which is 

consistent that energy consumption cause more carbon emissions for developing 

countries. However, the coefficient of ENC in panel quantile regression less than panel 

OLS regression. There is a common point that the impact of energy consumption is highly 

on environment pollution. 

The other results for the control variables included in the model are trade 

openness. financial development and the lag of carbon emission. Firstly, we can observe 

the impact of the TO on carbon emissions, TO is positive at all 

quantile and strongly significant at high quantile from 70th quantile to 95th quantile, 

indicating that a higher level of trade openness can increase environment in high-

emissions for developing countries. Second, we can observe that the FIN 

is negative at different quantiles except 5th quantile and 60th quantile. And it is highly 

significant in high carbon emission, which implying that the large size financial 

development can relieve air pollution at high level of carbon emission. Finally, it is 

positive and highly significant for the lag of carbon emission at all different quantiles, 

which indicates the lag of carbon emission increasing 1%, the level of carbon emission 

increases by 0.0511%-0.0757%. However, there is different results on panel OLS 

regression. It is negative and insignificant for carbon emission. Therefore, it is 

inappropriate to use OLS regression method to analyse among variables.  



Table 4.11: Panel Regression Results for Developing Countries ( 1983-2013) 
VARIABLES 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 

AENC 0.888*** 0.903*** 0.906*** 0.848*** 0.930*** 0.876*** 0.894*** 0.875*** 0.906*** 0.873*** 0.890***

(54.14) (58.55) (30.63) (28.91) (31.92) (36.03) (19.33) (19.16) (94.31) (26.82) (374.6) 
AFIN -0.003 -0.007*** -0.006* -0.005** -0.009*** 0.010*** -0.005 -0.008*** -0.012*** -0.008*** -0.008***

(-0.881) (-4.118) (-1.915) (-2.010) (-3.916) (-4.242) (-1.604) (-3.191) (-19.86) (-3.291) (-10.76) 
AGDP 0.380*** 0.250*** 0.270*** 0.393*** 0.266*** 0.312*** 0.332*** 0.317*** 0.298*** 0.313*** 0.330***

(7.567) (6.097) (4.195) (10.75) (7.735) (6.574) (6.140) (4.654) (30.03) (21.90) (34.72) 
AGDP2 -2.294*** -1.232*** -1.481 *** -2.334*** -1.605*** -1.73*** -1.971 *** -1.847*** -1.787*** -1.584*** -1.955***

(-6.467) (-3.156) (-3.108) (-7.529) (-9.133) (-4.342) (-5.518) (-4.095) (-17.47) (-9.636) (-19.04) 
ATO 0.017** 0.023*** 0.020* 0.019*** 0.015** 0.025*** 0.016*** 0.026*** 0.018*** 0.022*** 0.014***

(2.429) (4.143) (1.865) (3.584) (2.452) (2.946) (3.563) (3.835) (12.13) (5.066) (5.548) 
AC02LAG 0.051 *** 0.075*** 0.066*** 0.076*** 0.071 *** 0.072*** 0.051 *** 0.069*** 0.069*** 0.080*** 0.084***

(6.748) (4.425) (4.604) (5.864) (6.869) (6.210) (4.015) (4.097) (17.33) (10.22) (28.94) 
Source: Calculation from STAT A 14 

� 
Note: 1) This table shows the results of the panel quantile regression model with different carbon emissions as dependent variables and economic growth, 

w energy consumption and control variables as independent variables. 2) Figures in parentheses are t-values 
*** Statistical significance at the 1 % level.
** Statistical significance at the 5% level.
* Statistical significance at the 10% level.
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Table 4.12: OLS Regression results for developing countries 1983-2013  
VARIABLE OLS pooled OLS one-way effect OLS two-way effect 

 0.938*** 0.939*** 0.972*** 

 (9.457) (9.381) (9.210) 

 -0.00584 -0.00549 -0.0119 

 (-0.509) (-0.478) (-0.958) 

 0.227** 0.166 0.103 

 (2.010) (1.320) (0.684) 
2 -0.594 0.120 0.560 

 (-0.507) (0.0860) (0.350) 

 0.00382 -0.00126 0.00257 

 (0.165) (-0.0539) (0.0890) 

2LAG -0.0162 -0.0450 -0.0467 

 (-0.277) (-0.739) (-0.688) 

Source: Calculation from STATA14 

4.5.2 Quantile Regression For Developed Countries 

Table 4.14 illustrates panel quantile regression estimation for developed 

countries from 1983 to 2013. Regarding economic growth, we can observe that the GDP 

per capita in developed countries is the highest by a large margin from Figure 4.9. There 

are all strongly 2. 

T  fluctuates from the 5th quantile to 95th quantile. As real GDP per 

capita increases by 1%, the level of carbon emissions increases by 0.172%-0.486%. At 

the 5th quantile, the coefficient of  is the highest among all quantiles and the 

coefficient of  decreases from 70th quantile to 95th quantile. This indicates that 

when the higher level of economic development can mitigate the increase of carbon 

emission for higher income of the countries. In terms of 2, the impact of 2 on 

carbon emissions is clearly heterogeneous. It is significant and negative at different 

quantiles. Therefore, the results support EKC hypothesis that the environmental 

degeneration rises at the first stage with increasing economic growth and then turns to 

decrease at the final stage after reaching a threshold level given the level of income. In 

addition, the developed countries of t  are greater than developing 

countries. One possible explanation of this phenomenon is that developing countries may 

not have achieved desired level of income at the development stage. 

For the impact of energy consumption on carbon emission, the coefficient of 

ENC is positive and highly significant at different quantiles, which is consistent with 

the expectations because energy consumption is expected to cause more carbon emissions 
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unless the country is utilizing mostly renewable sources of energy.  

The other results for the control variables included in the model are also 

informative. First, we can observe the impact of the variable CO2LAG for carbon 

emissions that CO2LAG is negative and significant at different 

quantiles, indicating the lag of carbon emission has a negative effect on carbon emission. 

Second, the coefficient of TO is negative and insignificant at 5th quantile and then turns 

to positive and significant from 10th quantile to 95th quantile, except middle quantile. This 

indicates that trade openness can grow carbon emission. Finally, we can observe that the 

coefficient of   FIN is positive and strongly significant at all quantile which is different 

from developing countries, implying that financial development cannot relieve carbon 

emission. 
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Table 4.14 OLS Regression results for developed countries 1983-2013  
VARIABLE OLS pooled OLS one-way effect OLS two-way effect 

 0.921*** 0.878*** 0.930*** 

 (13.03) (12.12) (10.05) 

 0.000588 0.0112 0.0218 

 (0.0354) (0.666) (1.225) 

 0.256** 0.306*** 0.292 

 (2.487) (2.948) (1.503) 

 -3.693* -4.564** -3.199 

 (-1.836) (-2.301) (-0.850) 

 0.0319 0.0324 0.0388 

 (1.520) (1.581) (1.330) 

 -0.0120 -0.0521 -0.0860 

 
Constant 

(-0.258) 
-0.007 
(-3.242) 

(-1.085) 
-0.008 
(-3.528) 

(-1.226) 
-0.017 
(-1.835) 

 
Source: Calculation from STATA14 

4.5.3 Quantile Regression For All Countries(1983-2013) 

Table 4.14 depicts panel quantile regression estimation for all countries from 

1983 to 2013. Regarding economic growth, we can observe that the impact of economic 

growth on carbon emissions is a little heterogeneous. There are all strongly significant 

2. T  

fluctuates from the 5th quantile to 95th quantile, as real GDP per capita increases by 1%, 

the level of carbon emissions increases by 0.176%-0.271%. In addition, 2 is 

insignificant and negative at low quantile (5th quantile and 10th quantile). And at 30th 

quantile, 50th quantile and 60th quantile, the coefficient of 2 is positive and 

insignificant, implys that at middle quantile GDP per capital can not support EKC 

hythpothesis. However it becomes strongly significant and has a negative sign from 70th 

quantile 95th quantile, which confirming the shape of EKC that inverse U and implying 

that the high emissions countries may have achieved a desired level of income at the 

development stage in the third group. EKC hypothesis that the level of environmental 

rst increases with income and then stabilizes and declines. Overall, our results 

provide not only evidence that tests the validity of EKC hypothesis but also a more 

complete picture of economic growth in pollution emissions.  

In terms of energy consumption, the coefficient of ENC is positive and 

highly significant at all quantiles, which is consistent with our expectations because 
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energy consumption is expected to cause more carbon emissions unless the country is 

utilizing mostly renewable sources of energy. Initially, the coefficient of ENC decreases 

along with the increasing of carbon emissions. But on one hand from 20th quantile to 50th 

quantile, the coefficient of ENC is increasing when the carbon emissions growth, as 

energy consumption increases by 1%, the level of carbon emission increases by 0.958%-

1.006%, the increasing level of low-middle quantile more than the OLS regression of 

energy consumption for carbon emissions. imply that, as energy consumption increases 

by 1%, the level of carbon emissions increases by 0.841%-1.144%, which is consistent 

with our expectations because energy consumption is expected to cause more carbon 

emissions unless the country is utilizing mostly renewable sources of energy. On the other 

hand, the level of energy consumption becomes the decreasing trend at high carbon 

emission countries (70th quantile to 95th quantile), which explains the environmental 

degeneration rises at the first stage with increasing energy consumption and then turns to 

decrease at the last stage after reaching at a threshold level given high energy 

consumption. Overall, the result of energy consumption on carbon emissions shows with 

strong evidence to validated EKC hypothesis and maintains long run relationship. 

The other results for the control variables included in the model are also 

informative. First, we can observe the impact of the variable CO2LAG for carbon 

emissions, CO2LAG is positive and negative at different quantiles 

except 30th quantile, indicating lag carbon emission has positive effect on carbon 

emission. However, Table 4.14 shows the coefficient of CO2LAG are negative (except 

the pooled ols) and insignificant in the different OLS regression method. This 

findingshows the results under- or over- estimate the effect of factors. Second, the 

coefficient of TO is negative and significant on all quantile (except 40th quantile) , 

indicating trade openness can growth carbon emission .Finally, we can observe that the 

coefficient of FIN is negative and strongly significant at all quantile, implying that 

financial development can relieve carbon emission.
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Table 4.16: OLS Regression results for all countries 1983-2013  
VARIABLE OLS pooled OLS one-way effect OLS two-way effect 

 0.963*** 0.921*** 0.941*** 

 (15.74) (14.72) (14.61) 

 -0.00622 -0.00568 -0.0101 

 (-0.731) (-0.673) (-1.185) 

 0.216*** 0.221*** 0.138 

 (2.894) (2.770) (1.480) 

 -0.349 -0.667 0.305 

 (-0.443) (-0.668) (0.276) 

 0.0151 0.0126 0.00444 

 (0.984) (0.830) (0.233) 

2LAG 0.0111 -0.0342 -0.0443 

 (0.297) (-0.884) (-1.050) 

Constant -0.00489** -0.00370 -0.00723 

 (-2.556) (-1.537) (-0.875) 

Source: Calculation from STATA14 

4.5.4 Comparing the different level of economic growth, energy consumption 

and other control variable, the different carbon emission for developing countries, 

developed countries and all countries from 1983 to 2013 

 

Source: Secondary Data from World Bank  

Figure 4.7: Change in panel quantile regression coefficient for energy consumption

1983-2013  

In Figure 4.7 illustrates the effects of energy consumption on carbon emissions, 

developed countries greater than developing countries under the different quantiles. The 

results indicate that although the developed countries finish the industrialization period 

and come into the times of knowledge economy, carbon emissions need to spend 50 to 

200 years to metabolize. So the developed countries are still responsible together with 



51

developing countries. 

  

Source: Secondary Data from World Bank 

Figure 4.8  Change in panel quantile regression coefficient for economic growth.  

First, for control variable of financial development, we can observe that the 

coefficient of developing countries and all countries are negative at different quantiles 

( except 50th to 60th for developing countries). However, the coefficient of developed 

countries and all countries are positive at different quantiles. It indicates that the influence 

of financial development can relieve carbon emission at low-middle level of income 

countries. However, regarding as developed countries, the level of financial development 

increases carbon emissions. Second, trade openness increases carbon emission for 

developing countries and all countries while the negative effect of trade openness for 

developed countries is between 40th quantiles and 50th quantiles. Finally, the first-order 

lag of carbon emission decreases carbon emission for developed countries. The results 

show that a higher level of economic development can relieve carbon emissions.
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4.5.5 The evidence of EKC in the different periods and panel groups 

Environmental Kuznets Curve is the empirical curve obtained from the actual 

data, which reflects the nonlinear relationship between environmental quality and 

economic growth. Environmental quality is expressed by carbon emissions per capita. 

The total carbon emissions cannot describe population size and development level, but 

carbon emission per capita can make up for the lack of total carbon emissions. Economic 

growth is indicated by real GDP per capita because real GDP per capita can reflect the. 

impact of economic growth on environmental quality, compared with the total GDP 

2 in the different quantile 

regression. It can be observed that the coef 2 for developed 

countries are significant at 1% level from 1983 to 2013 and support the existence of an 

EKC hypothesis. The results indicate that the carbon emission of developed countries 

increases and then turns to decrease along with the increasing level of income from 1983 

to 2013. In addition, the turning point of developed countries is $54415.798 per capita at 

80th quantile, $42192 per capita at 90th quantile and $40667 per capita at 95th quantile 

during 1983 to 2013. The results indicate that in terms of the level of high income 

countries, the turning point appears at higher quantiles. However, the coefficient of 

2 for developed countries is negative from 30th quantile to 95th quantile during the 

period of 1983 to 1998 (in Table 4.18) while the 2 for developed 

countries is also negative from 10th quantile during the period of 1999 to 2013 (in Table 

4.18). The turning point of developed countries is $13976.059 per capita less than the 

period of 1999 to 2013 ($38117.059 per capita). For the developed countries during the 

period of 1999 to 2013, the level of income increases three times than the period of 1983 

to 1998, but the carbon emission per capita is less than the period of 1983 to 1998. The 

results indicate that developed countries have finished the industrialization, development 

of high energy consumption and high carbon emissions. They pay more attention to 

environmental quality and the government invest more fund to transfer the mode of 

economic growth. 

Regarding as the developing countries, we can observe that the coefficient of 

2 are significant at 1% level from 1983 to 2013 and supports the 

existence of an EKC hypothesis. The results indicate that the carbon emission of 
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developing countries increases first and then turns to decrease along with the level of 

income increasing from 1983 to 2013. The results show that inverted U-shaped 

relationship between GDP per capita and CO2 emission per capita is hypothesized. The 

result supports the Environmental Kuznets Curve (EKC) hypothesis from the period of 

1983 to 2013. The turning point hovers around $3723.601 per capita. However, the 

coefficient 2 for developing countries is positive and significant at different 

quantile except 10th quantile during the period of 1983 to 1998. One possible explanation 

of this phenomenon is that developing countries may not have achieved a desired level of 

income at the development stage. However, after Asian Financial Crisis (1999 to 2013), 

the 2 for developing countries is negative and strongly significant at 

different quantile. The turning point increases to $4376.035 per capita more than the period 

of 1983 and 1998 ($3723.601 per capita). One possible explanation of this phenomenon 

is that developing countries may have achieved a desired level of income at the 

development stage after Asian Financial Crisis. Another explanation is that CO2 

emissions and economic growth (by decoupling greenhouse gas emission of CO2 and 

economic growth) provide more conclusive evidence on the phenomenon of the 

environmental Kuznets curve (EKC) over the period of 1999 and 2013. This result gives 

a clear policy roadmap on the pursuance of long run economic growth in favor of 

environmental quality. Besides, significance of the turning point lies with the need to 

explore other structural policies, such as articulated demographic and energy policies, 

rather than passively waiting for the arrival of the inflexion point.  

Table 4.17: The sign of 2 in quantile regression 
 Developing countries Developed Countries All countries 

1983-2013 - (5th ~95th)*** - (5th ~95th)*** - 70th ~95th *** 

 

1983-1998 +(5th ,20th ~95th )*** -(40th ~95th )*** + (60th ~95th )*** 

1999-2013 -(5th ~95th )*** -(10th ~95th )*** -(5th ~95th)*** 

Source: The result from panel quantile regression 
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Table 4.18 The optional values of GDP and CO2 at turning point in EKC 
Sample Period  Result  Turning Points 

Developing countries  

1983-2013 

hypothesis 

$3723.601 per capita 

 

1983-1998 The results can not 

support EKC 

hypothesis 

 

1998-2013 

hypothesis 

$4376.035 per capita 

 

Developed Countries 

1983-2013 

hypothesis 

$38117.059 per capita 

1983-1998 

hypothesis 

$23976.059 per capita 

1998-2013 

hypothesis 

$54415.798 per capita 

All Countries  

1983-2013 

hypothesis 

quantile 

$35261.254 per capita 

1983-1998 The results can not 

support EKC 

hypothesis 

 

1998-2013 

hypothesis 

$41211.79 per capita 

Overall, the higher income level may result in a higher possibility for 

countries accepting the EKC hypothesis. Additionally, a richer countries have the higher 

top peak and they can reach the top peak faster than poor countries. 
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CHAPTER 5 

Conclusions and policy implications 

5.1 Conclusions 

The main purpose of this study is to explore the impact of economic growth and 

energy consumption and other control variables on carbon emissions. The panel quantile 

regression method is used to achieve the objectives. This method takes the unobserved 

individual heterogeneity and distributional heterogeneity into consideration. In addition, 

to avoid an omitted-variable bias, certain related control variables are included in the 

model. The results indicate that panel quantile regression models can help obtain a more 

complete picture of the factors that affect carbon emissions. This study covers the annual 

sample period from 1981 to 2013 in ten selected countries. 

 Energy is the prerequisite and guarantee of economic development. No matter what 

the stage of economic development and the level of development of the country is, energy 

consumption, economic development, and the use of a large number of energy resources 

cannot be separated. The empirical results indicate that the impacts of various factors on 

carbon emission are evidently heterogeneous. It is also found that energy consumption 

 for every selected panel group 

data. Energy consumption increases carbon emissions, with the strongest effects on 

carbon emissions observed at all quantiles for all selected group. However, the level of 

the coefficient of energy consumption on carbon emissions for developed countries is 

more than developing countries. The results indicate that although the developed 

countries finished the industrialization period and came into the times of knowledge 

economy, they still have to spend 50 to 200 years to metabolize carbon emissions. So the 

developed countries are still responsible for carbon emissions together with developing 

countries. 

CO2 emissions are mainly affected by energy consumption, and economic growth 
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is determined by the industrial structure. The level of carbon emissions of a country 

directly reflects its social and economic development and the development of low-carbon 

economy. The major developed countries have gone through the industrialization period, 

and now they are in the last industrialization period dominated by the third industry. The 

carbon emissions of the Tertiary Industries are low, and some industries are even zero 

CO2 emissions. It determines that CO2 emissions in developed countries have passed 

through the peak period, and some developed countries, such as European Union, United 

States, Canada, have shown a downward trend in carbon emissions per capita. However, 

the developing countries are still in the process of industrialization. The mode of 

economic development in the Second Industries is a high CO2 emission and a high energy 

consumption industry model. This mode determines the development of developing 

countries cannot reduce the high carbon emissions in the short term. Developing countries 

needs more carbon space to meet the development needs. 

Environmental Kuznets curve is used to measure environmental variables and 

economic variables. With the growth of a country's economy, national disposable income 

will increase energy consumption, carbon emissions generated by the upward trend. 

Therefore, the atmospheric environmental quality and economic growth have obvious 

inverted-U relationship. This study also examines the validity of the EKC hypothesis in 

sample groups including the group of developing countries (1983-2013), the group of 

developed countries (1983-2013), the group of all selected countries (1983-2013), the 

group of selected developing countries during the period of 1983 and 1998 and the period 

1999 and 2013, and the group of selected developing countries during the period of 1983 

and 1998 and the period 1999 and 2013. The results indicate that the inverted U-shaped 

EKC hypothesis is applicable to the developed countries, developing countries, and all 

countries (at upper quantiles). The level of economic development for developed country 

is obviously faster than developing countries. The most important finding of this study is 

the consistency of the estimation results from panel quantile regression and the 

confirmation of the validity of ECK in sample group. In all the estimation results, CO2 

emissions increase when GDP per capita increases. Also, the growth of energy 

consumption increases CO2 emission in long run. However, GDP per capita reduces CO2 

emission at the turning point. Regarding the EKC hypothesis, the results confirm that this 

phenomenon exists in sample since the coefficient of GDP square in the estimation results 
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is negative for developed countries at every sample period. In addition, the coefficient of 

GDP square in the estimation results is positive for developing countries (1983-1998) and 

all selected countries (1983-1998). The process of industrial structure evolution consumes 

a large amount of energy resources and produces a large amount of carbon emissions. It 

leads to threaten the global atmospheric environment. In the initial stage of 

industrialization, the carbon emissions per capita increases along with the rapidly increase 

of income per capita. But after the completion of heavy industrialization, the carbon 

emissions per capita gradually become saturated. Therefore, it is possible to explain why 

the developing countries and all selected countries during the period of 1983 and 1998 

cannot support the EKC hypothesis is that carbon emissions of these countries increase 

along with the level of income before Asian Financial Crisis. After Asian Financial Crisis, 

the developing countries and all selected countries during the period of 1999 and 2013 

can support the EKC hypothesis that at the development stage, the carbon emissions turn 

to decrease along with the increasing level of income.  

  and OLS 

regression on emissions is threefold: First, the panel data framework is employed to 

research the determinants of CO2 emissions in developing countries and developed 

countries because it is more advantageous than focusing on one country of providing more 

informative data, more variability, more degrees of freedom and thus greater efficiency 

in estimation. Moreover, panel data model accommodates the special heterogeneity 

indicated by region- -observable and time-invariant intercepts for these two 

groups countries within the panel data framework Second, this method can describe the 

entire conditional distribution of the dependent variable; therefore, it helps obtain a more 

complete picture of the factors associated with pollutant emissions. quantile 

regression estimators provide one solution to each quantile. Using this methodology, the 

determinants of emissions can be assessed throughout the conditional distribution, 

especially in the countries with the most and least emissions. From a policy perspective, 

it is more interesting to know what occurs at the extremes of a distribution. By contrast, 

OLS regression techniques are not suitable for making environmental protection policies 

for high-emissions countries. Third, the panel quantile regression estimation results are 

robust to outlying observations of the explained variable and more effective than OLS 

regression, especially when the error term is non-normal, which will help policymakers 
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formulate more accurate environmental protection policies. However, only a few papers 

among variables. 

5.2 Recommendations and Policy Implications  

5.2.1 Recommendation from the study 

1) This study allows to estimate the relationship of economic growth, energy 

consumption and other control variables on carbon emissions including trade openness, 

financial development, the square of GDP and the lag variables of CO2. 

2) The main factors that affect carbon emissions are energy consumption and 

economic growth, but investors should consider other variables in order to avoid an 

omitted variable bias. Certain related control variables are included in the model. 

3) In this study, only the panel quantile regression is used. Further studies 

should consider other models  

5.2.2 Policy Implications  

While energy consumption was promoting economic growth and leading to the 

carbon emission increase, energy already achieved its own upgrading and development. 

Economic growth requires large-scale energy exploitation and utilization, and the limited 

fossil energy is not enough to satisfy the needs of economic growth. Hence, in order to 

improve energy efficiency, promoting the development of new energy consumption 

structure is the focus of economic development in the future. Economic growth is the 

development and application of new energy fund. Only renewable energy can be used 

instead of fossil energy for growth of economy of each country. Carbon dioxide emissions 

can be significantly reduced when the environmental pressure is really reduced, so each 

country can have the sustainable development of economy. 

The development of economies uses a large amount of energy and natural resources. 

When the energy consumption structure of a country majors on the traditional fossil 

energy and coal, CO2 emissions increases to the peak. With the level of economic 

development and technology improvement, the countries use the oil and gas instead of 

coal substitute, CO2 emissions will be mitigated. However, in order to completely solve 
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the problem of CO2 emissions caused by energy consumption, the countries need to 

exploit cleaner and more efficient energy technologies, increase and develop the use of 

renewable energy so that the use of zero emission or closed process can reduce waste and 

pollutants.  

The pressure of global climate and environment is becoming more and more serious. 

It is important to change the energy consumption patterns and effectively utilize energy. 

In addition, the government should develop to use renewable energy and encourage to 

quantify the effects of energy exploitation on the environment in order to  protect the 

environment under the premise to make full use of the source. The country needs to 

investigate more on the field of energy economics research. Finally, investors should 

provide a theoretical basis for the research on energy and CO2 emissions of the association. 

Based on the results of the study, the following policy implications must be pursued 

in order to improve environmental quality in the world. In terms of energy consumption, 

energy development program needs to shift from fossil fuels, such as oil, to clean and 

renewable energy, based on the existing condition of each country. The findings suggest 

that countries with high CO2 emissions could benefit the most from the economic growth. 

Therefore, carbon emissions control measures should be tailored differently across the 

nations with both low and high CO2 emissions. 
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APPENDICES 

Table 1 Johansen Fisher panel cointegration test for Developing Countries
Johansen 

Fisher Panel 
Cointegration 

Test 
Series: DLNCO2 DLNENC DLNGDP DLNTO DLNFIN 
Date: 09/27/17   Time: 08:28 
Sample: 1981 2013 
Included observations: 165 
Trend assumption: Linear deterministic trend 
Lags interval (in first differences): 1 1 

Unrestricted Cointegration Rank Test (Trace and Maximum Eigenvalue) 

Hypothesized Fisher Stat.* Fisher Stat.* 
No. of CE(s) (from trace test) Prob. (from max-eigen test) Prob. 

None  112.0  0.0000  57.03  0.0000 
At most 1  65.01  0.0000  24.21  0.0071 
At most 2  48.95  0.0000  21.58  0.0174 
At most 3  39.21  0.0000  21.04  0.0208 
At most 4  44.36  0.0000  44.36  0.0000 

* Probabilities
are computed

using 
asymptotic Chi-

square 
distribution. 

Individual cross section results 

Trace Test Max-Eign Test 
Cross Section Statistics Prob.** Statistics Prob.** 

  Hypothesis of no cointegration 

 1  108.0735  0.0000  41.9595  0.0044 
 2  69.7535  0.0506  24.2961  0.4341 
 3  123.0634  0.0000  54.5418  0.0001 
 4  107.4972  0.0000  38.8706  0.0117 
 5  106.4066  0.0000  49.6190  0.0003 

Hypothesis of at most 1 cointegration relationship 

 1  66.1140  0.0004  29.0316  0.0324 
 2  45.4574  0.0826  22.4026  0.2004 
 3  68.5216  0.0002  30.2889  0.0219 
 4  68.6266  0.0002  25.7355  0.0846 
 5  56.7876  0.0058  18.4267  0.4600 

Hypothesis of at most 2 cointegration relationship 

 1  37.0824  0.0061  19.9662  0.0721 
 2  23.0548  0.2434  10.2973  0.7163 
 3  38.2327  0.0042  22.0898  0.0366 
 4  42.8910  0.0009  20.1038  0.0691 
 5  38.3609  0.0041  17.3076  0.1580 

Hypothesis of at most 3 cointegration relationship 

 1  17.1162  0.0283  11.9523  0.1125 
 2  12.7575  0.1240  8.0077  0.3779 
 3  16.1429  0.0399  10.9759  0.1554 
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 4  22.7873  0.0033  13.8414  0.0582 
 5  21.0534  0.0065  13.3124  0.0703 

Hypothesis of at most 4 cointegration relationship 

 1  5.1639  0.0231  5.1639  0.0231 
 2  4.7498  0.0293  4.7498  0.0293 
 3  5.1669  0.0230  5.1669  0.0230 
 4  8.9459  0.0028  8.9459  0.0028 
 5  7.7409  0.0054  7.7409  0.0054 

     
     
**MacKinnon-Haug-Michelis (1999) p-values 
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Table 2 Johansen Fisher panel cointegration test for Developed Countries 

 
Johansen 

Fisher Panel 
Cointegration 

Test     
Series: DLNCO2 DLNENC DLNFIN DLNGDP DLNTO  
Date: 09/27/17   Time: 08:32  
Sample: 1981 2013   
Included observations: 165  
Trend assumption: Linear deterministic trend 
Lags interval (in first differences): 1 1 

     
Unrestricted Cointegration Rank Test (Trace and Maximum Eigenvalue) 
     
     Hypothesized Fisher Stat.*  Fisher Stat.*  

No. of CE(s) (from trace test) Prob. (from max-eigen test) Prob. 
     
     None  89.78  0.0000  59.94  0.0000 

At most 1  40.55  0.0000  24.95  0.0054 
At most 2  22.57  0.0125  13.55  0.0844 
At most 3  17.24  0.0693  9.716  0.09 58 
At most 4  27.64  0.0021  27.64  0.0021 

     
     * Probabilities 

are computed 
using 

asymptotic Chi-
square 

distribution.     
     

Individual cross section results  
     
      Trace Test  Max-Eign Test  
Cross Section Statistics  Prob.**  Statistics Prob.** 

     
     Hypothesis of no cointegration  

 1  72.2087  0.0318  32.9879  0.0636 
 2  88.0441  0.0009  33.7794  0.0514 
 3  93.0264  0.0003  39.5905  0.0093 
 4  134.9116  0.0000  74.8357  0.0000 
 5  86.6825  0.0013  34.1916  0.0459 

Hypothesis of at most 1 cointegration relationship 

 1  39.2208  0.2516  15.3951  0.7164 
 2  54.2647  0.0111  27.4204  0.0524 
 3  53.4359  0.0137  24.7822  0.1096 
 4  60.0759  0.0024  28.7800  0.0350 
 5  52.4909  0.0172  29.6795  0.0265 

Hypothesis of at most 2 cointegration relationship 

 1  23.8257  0.2079  13.2787  0.4269 
 2  26.8443  0.1055  18.4653  0.1134 
 3  28.6537  0.0673  13.5590  0.4022 
 4  31.2959  0.0334  16.7819  0.1825 
 5  22.8114  0.2555  14.5626  0.3207 

Hypothesis of at most 3 cointegration relationship 

 1  10.5470  0.2410  8.8014  0.3031 
 2  8.3790  0.4258  4.8598  0.7594 
 3  15.0947  0.0574  8.8798  0.2963 
 4  14.5140  0.0699  9.8877  0.2194 
 5  8.2488  0.4392  6.7503  0.5191 
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Hypothesis of at most 4 cointegration relationship 

 1  1.7456  0.1864  1.7456  0.1864 
 2  3.5192  0.0607  3.5192  0.0607 
 3  6.2149  0.0127  6.2149  0.0127 
 4  4.6263  0.0315  4.6263  0.0315 
 5  1.4984  0.2209  1.4984  0.2209 

     
     
**MacKinnon-Haug-Michelis (1999) p-values 
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Table 3 Johansen Fisher panel cointegration test for All Countries 

 
Johansen 

Fisher Panel 
Cointegration 

Test     
Series: DLNCO2 DLNENC DLNFIN DLNTO DLNGDP  
Date: 09/27/17   Time: 08:34  
Sample: 1981 2013   
Included observations: 330  
Trend assumption: Linear deterministic trend 
Lags interval (in first differences): 1 1 

     
Unrestricted Cointegration Rank Test (Trace and Maximum Eigenvalue) 
     
     Hypothesized Fisher Stat.*  Fisher Stat.*  

No. of CE(s) (from trace test) Prob. (from max-eigen test) Prob. 
     
     None  211.4  0.0000  124.5  0.0000 

At most 1  109.7  0.0000  56.92  0.0000 
At most 2  68.75  0.0000  33.57  0.0292 
At most 3  55.05  0.0000  29.65  0.0757 
At most 4  71.64  0.0000  71.64  0.0000 

     
     * Probabilities 

are computed 
using 

asymptotic Chi-
square 

distribution.     
     

Individual cross section results  
     
      Trace Test  Max-Eign Test  
Cross Section Statistics  Prob.**  Statistics Prob.** 

     
     Hypothesis of no cointegration  

 1  72.2087  0.0318  32.9879  0.0636 
 2  88.0441  0.0009  33.7794  0.0514 
 3  93.0264  0.0003  39.5905  0.0093 
 4  134.9116  0.0000  74.8357  0.0000 
 5  86.6825  0.0013  34.1916  0.0459 
 6  125.8768  0.0000  52.9870  0.0001 
 7  69.7535  0.0506  24.2961  0.4341 
 8  123.0634  0.0000  54.5418  0.0001 
 9  107.4972  0.0000  38.8706  0.0117 
 10  106.4066  0.0000  49.6190  0.0003 

Hypothesis of at most 1 cointegration relationship 

 1  39.2208  0.2516  15.3951  0.7164 
 2  54.2647  0.0111  27.4204  0.0524 
 3  53.4359  0.0137  24.7822  0.1096 
 4  60.0759  0.0024  28.7800  0.0350 
 5  52.4909  0.0172  29.6795  0.0265 
 6  72.8898  0.0001  40.4487  0.0007 
 7  45.4574  0.0826  22.4026  0.2004 
 8  68.5216  0.0002  30.2889  0.0219 
 9  68.6266  0.0002  25.7355  0.0846 
 10  56.7876  0.0058  18.4267  0.4600 

Hypothesis of at most 2 cointegration relationship 

 1  23.8257  0.2079  13.2787  0.4269 
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 2  26.8443  0.1055  18.4653  0.1134 
 3  28.6537  0.0673  13.5590  0.4022 
 4  31.2959  0.0334  16.7819  0.1825 
 5  22.8114  0.2555  14.5626  0.3207 
 6  32.4412  0.0242  17.3183  0.1575 
 7  23.0548  0.2434  10.2973  0.7163 
 8  38.2327  0.0042  22.0898  0.0366 
 9  42.8910  0.0009  20.1038  0.0691 
 10  38.3609  0.0041  17.3076  0.1580 

Hypothesis of at most 3 cointegration relationship 

 1  10.5470  0.2410  8.8014  0.3031 
 2  8.3790  0.4258  4.8598  0.7594 
 3  15.0947  0.0574  8.8798  0.2963 
 4  14.5140  0.0699  9.8877  0.2194 
 5  8.2488  0.4392  6.7503  0.5191 
 6  15.1229  0.0568  10.2641  0.1952 
 7  12.7575  0.1240  8.0077  0.3779 
 8  16.1429  0.0399  10.9759  0.1554 
 9  22.7873  0.0033  13.8414  0.0582 
 10  21.0534  0.0065  13.3124  0.0703 

Hypothesis of at most 4 cointegration relationship 

 1  1.7456  0.1864  1.7456  0.1864 
 2  3.5192  0.0607  3.5192  0.0607 
 3  6.2149  0.0127  6.2149  0.0127 
 4  4.6263  0.0315  4.6263  0.0315 
 5  1.4984  0.2209  1.4984  0.2209 
 6  4.8587  0.0275  4.8587  0.0275 
 7  4.7498  0.0293  4.7498  0.0293 
 8  5.1669  0.0230  5.1669  0.0230 
 9  8.9459  0.0028  8.9459  0.0028 
 10  7.7409  0.0054  7.7409  0.0054 

     
     
**MacKinnon-Haug-Michelis (1999) p-values 

 

 

 Source: 

Source: Secondary Data from World Bank(1983-2013) 

Figure 1 Change in panel quantile regression coefficient for trade openness 
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Source: Secondary Data from World Bank(1983-2013) 

Figure 2 Change in panel quantile regression coefficient for the trade openness 

  

Source: Secondary Data from World Bank(1983-2013) 

Figure 3 Change in panel quantile regression coefficient for financial development
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