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Abstract

The environmental Kuznets curve has been considered and studied as a model that describes the relationship between the economic growth and the environmental situation of the country. The GDP per capita was used as an indicator of economic growth and CO2 emissions was as indicator of environmental situation. The analysis revealed that the EKC relationship does not describe the situation in most developing countries. These results are also backed by the literature discussed in the paper.

The analysis of other factors that affect the shape of the EKC has been conducted in a much more theoretical way. The results showed that the development path can play a role in determining the shape of the GDP per capita- CO2 emissions relationship.
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Chapter 1
1.1 Introduction

There has been a long debate on the relation between economic growth and environmental quality in economic literature.  It has been noted that the so-called environmental Kuznets curve (EKC) describes the relationship between economic growth and environmental quality. The EKC theory predicts that pollution levels rise at low GDP levels, then they reach a peak at a certain level of GDP, and finally they fall with increasing income from then on (Unruh and Moomaw, 1998).

 The EKC is named so after the Nobel Prize winning economist Simon Kuznets (1955). He was the first to argue that income inequality increases until a certain level of income and falls with every additional unit of income. This is where the original inverted U-shape relationship, described by the EKC, comes from.

The EKC theory proposes that a county can ‘grow out of’ some pollution problems (Shafik and Bandyopadhyay, 1992). However, it is not always the case that the relationship between economic growth and CO2 emissions follows the path that the environmental Kuznets curve predicts. 

Literature provides evidence against the inverted U-shape relationship for some environmental indicators. For example, river basins’ quality often worsens when income increases. Additionally, both municipal waste and carbon dioxide emissions seem to increase with increasing GDP (Perman and Stern, 2003). 

Previous literature on the EKC shows that there is much empirical analysis provided on the topic. Some literature shows that the EKC can describe the relationship between the environment and economic development, whereas there is evidence of a different situation.

This debate can be dated back to the 1960s and the controversy of the limits of economic growth. Some economists, for example the Club of Rome, argued that there is only a finite amount of resources and therefore growth cannot continue forever, but will have a limit. They also advertised a steady state economy as a means to avoid future ecological disasters (Meadows, et al 1972). 

On the other hand, some economists (e.g. Beckerman, 1992) used technological progress and replacement of natural capital with man-made capital to counter the effects of environmental degradation and argued, it would be possible to sustain infinite economic growth.

This paper will look at some of the issues discussed in the debate, as well as make an empirical study of the data available to determine whether the Environmental Kuznets Curve can be used to describe the relationship between CO2 emissions and the levels of GDP per capita in the less developed countries individually and in aggregate.

The literature often assumes that all countries follow the same path of development. However, that is not always the case. This paper will look at the relation of economic growth to the environmental quality of the individual countries. The analysis will look at the effects in 18 different developing countries. According to the aggregate prediction of the EKC, these countries should be positioned towards the lower left end of the curve. The research conducted shows that this is not always the case, and that each individual country has its own path. It seems that aggregation does not always predict a valid outcome. This is often due to the fact that countries have different specifications. 

Thus, this paper will look at whether and to what extent the Environmental Kuznets Curve can be used as a representation of the trajectory of CO2 emissions in relation to the GDP per capita of a single country and globally, based on the empirical evidence of the developing countries. 

1.2 Choosing an environmental indicator 
Shafik (1994) claims that the  limits of growth debate is not properly backed up by empirical evidence. Having remained at a purely theoretical base, it allows for many conclusions to the limits of growth.  This was due to the fact that there was not much reliable data available at the time. Now that there is data available, it is possible to test the EKC theory. Before testing, however, the indicators should be chosen. The indicator for the level of economic income, in this paper is the GDP per capita. This is the generally used indicator of income. However, there are many different indicators of environmental quality.

As mentioned earlier, the EKC looks at the environmental degradation in general. The environmental situation of a country could look different, depending on the indicator used. Some indicators could improve with economic growth, while others worsen. Analysis of one indicator does not show the whole environmental situation of the country. However, it does allow for comparison between different countries. 
In this paper, carbon dioxide emissions where chosen to represent the environmental quality. Carbon dioxide emissions do not pose an immediate threat to the environment of a country. However, after a stock of carbon dioxide has been build up by world emissions, problems start arising. This is due to the effect of CO2 on the heat coming from the sun, the so called ‘greenhouse’ effect. The gas keeps the heat from the sun from leaving the surface of the planet and thus increases the temperature.

Carbon dioxide stock is not a problem of one single country, rather it is problematic for the global community. However, due to the latest evidence on the relationships between carbon emissions and climate change, countries become concerned with reducing their emissions. 

CO2 emissions is also a good indicator due to the fact that emission data is available for many countries starting from year 1950 and ending year 2005, which is the time period that will be used in this analysis.  Even if the shape of the relationship has the inverted U-shape predicted by the EKC, it is not certain that the shape represents the whole relationship. It is possible, that at an earlier or later stage, the shape of the relationship might change. Having data for a longer time period, therefore, is helpful to test this. Harbaugh et al. (2000) used the same data as Grossman and Kruger (1991) except they extended it for another 10 years. This brought about different results than what Grossman and Kruger had estimated. 
The implications of the above could be that the resulting environmental Kuznets curve is not an inverted U-shape, but has a recouping after the initial decrease due to technological improvement, or a change in the structure of economy. 


Therefore, the rest of the paper will focus on the relationship between the GDP per capita and the CO2 emissions of the developing countries. 

1.3 Shape of the Environmental Kuznets Curve
There are quite a few things that can explain a different shape of the EKC. Some of these reasons, specialization and export of pollution to developing countries, have been mentioned earlier. 

The first reason, specialization, is important because it looks at the original structure of the economy. It allows us to understand why some countries pollute more per capita than others. Some countries specialize on industry, as in the case of China, or services, as in the case of India. The initial specialization will, therefore, influence the amount of carbon dioxide emissions. This information, suggests that not only the beginning stage of development differs per country, but also the future emissions. 

However, it is possible that a country emits much of the CO2 due to aspects other than specialization, such as choice of public transport, availability of personal transport, and technological development and so on. 

The second reason lies in the fact that a large amount of carbon dioxide emissions are exported from the developed countries to the developing countries. This effect is due to the shift of the economic structure of the developed countries away from industrialization and towards services (Panayotou, 2003). This means that the effect of some countries exports of carbon dioxide at a later stage is larger, because of the initial specialization. If the above is taken into consideration, it seems possible that the shape of the relation will differ per country.

This move allows it to shift away from many carbon dioxide emissions, created by the industry sector.  The developed countries are able to do this, because they do not have to produce in their own countries anymore. Developing countries, as will be discussed in more detail in the next chapter, have cheaper labor, and therefore, production there is usually cheaper as well. This factor allows the developed countries to export production to other countries and thus export the carbon emissions that go hand in hand with these production industries.

Carbon dioxide emissions are a global problem, which builds up from all the emissions to one stock. Stock pollution is causing the climate change problem. This implies that even if one country is able to reduce its emissions to zero, due to restructuring or economic policy that does not mean that the damage to society is zero.  Each country is a contributor to a larger problem. 

When developed countries export their emissions to the developing countries they often reduce emissions in one place and increase them in the other. The final effect is ambiguous. If this shape was drawn up it might look like an inverted U-shape, if the analysis is done on a cross country level. Cross country means that all the countries are analyzed together and that an aggregate situation is derived. Whereas when a single country analysis is conducted the effects of economic growth on the environment of each separate country is analyzed. The graph below gives a better understanding of what is meant by a single country and cross country analysis.
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Figure 1.1
The two separate lines represent two separate countries. Assume that the relationship between economic growth and carbon dioxide emissions of each country is analysed separately. From the diagram, we can conclude that emissions are rising with income in country A and decreasing with income in country B. If these two analyses are aggregated, however,  an inverted U-shape can be achieved as shown in figure 1.1. If country B is assumed to be a developed country, it could reduce its emissions by exporting them to country A. Meanwhile, country A does not have the possibilities of exporting its emissions as it is at an earlier stage of development.
Third, CO2 emissions also depend on the economic policy that is adopted by the country. It is possible that one country has much lower emissions than another country due to, for instance, higher environmental taxes. This means that the EKC can have a different shape depending on the economic policy adopted by the country in question, which in tern implies that the shape of the curve might not be representative of the GDP, but rather of the institutional maturity of the country.

In order to attempt to correct some of the above mentioned situations, an analysis must be conducted on the available data for each country separately to identify whether the environmental Kuznets curve is representative of the general relationship between economic growth and environmental situation (in this case CO2 emissions). This will be done by looking at the GDP and emissions data for 20 developing countries for the years from 1950 until 2005. 
The rest of the paper will look at literature on developing countries and the EKC and combine it with the results of an empirical study, conducted in the course of the analysis, to investigate the trajectory of the relationship between economic growth and the environmental position of the developing countries. Chapter 2 will focus on the literature for developing countries. It will look at, among other things, how a trajectory of development influences the shape of the EKC. Chapter three will then proceed to discuss data collection and methodology for the empirical study. It will look at the possible problems that might occur throughout the analysis. The fourth chapter discusses the estimation results. It will look at the regressions that have been constructed with the data and what results are obtained. 
Finally, the last chapter will draw the conclusions based on the results as well as combine them with literature to get a better idea of what is happening. 

Chapter 2

2.1 Introduction

Having looked at the general EKC situation, it seems appropriate to also look at the developing countries in more detail. The developing and the emerging countries have a differ from their developed neighbors not only in economic development, but also in institutional structures. Many of the developing countries do not have the resources to improve their environmental positions. This is not only a result of low levels of GDP but also of institutional instability and a tendency towards black market transactions. These are some of the factors that might affect the shape of the income-emissions curve in the developed countries. 


This chapter will not only discuss characteristics of the developing countries, but also mention how they might affect the environmental situation as a whole. The main objective of this chapter is to theoretically establish whether the EKC is pattern of developing countries and developed countries can be compared. It is also important to check for this relationship between countries within the developing world. 

2.2 Characteristics of developing countries and implications for EKC
In this paper, developing countries are defined as the countries with a low material wealth. The countries mentioned for the analysis are the countries that are considered by the IMF as emerging or developing countries. 18 countries where chosen based on their percentage of the regional and world emissions of carbon dioxide. Further specifications on the selection process will be discussed in chapter 3.

The Environmental Kuznets Curve theory predicts that the developing or pre-industrial countries should be positioned in the lower left part of the graph, whereas the emerging economies should be the middle part as shown in Figure 2.1.

The stages of development, as described by Unruh and Moomaw (1998), are that a country must first be a tertiary producing country, producing and exporting raw materials. As the country develops, it moves away from production of raw materials and towards manufacturing. At this stage, a lot of carbon dioxide is produced due to increasing demand and supply. The increase in the levels of demand and supply are due to the increased levels of income that the country reaches at this stage of development.

The third stage, described by the economists is the mass consumption stage. This is when the economy no longer produces the emissions but exports them by importing products from the developing countries. However, this is only one channel through which the level of emissions decreases. Another possible channel is technological improvement. This means that as technology becomes more efficient, fewer emissions are produced per unit of production. 

The third channel is more or better regulation. The countries at the consumption stage should be mature enough, both financially and institutionally to adopt more of such policies. However, developing countries cannot possibly afford some of these regulations. The inhabitants of the consumption stage countries, having a high level of GDP, can also afford the environmentally friendly products. The countries at the earlier stages of development do not have this opportunity as their income levels are too low.

However, these are the stages of development and economic growth that occurred in the 19th and 20th centuries to the developed countries. Who is to say, that these exact same stages will take place in the development of all the other countries. This process may, or may not be repeated in the future. 
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Figure 2.2

Developing countries today are very different from the developed countries. They not only lack the material resources to invest in abatement of pollution, but they often also lack the required institutions. Sustainable development is often not the first priority of the developing countries.  In this case we define sustainable development as exploitation of resources, direction of technological development, institutional changes are all like-goals oriented and satisfy current human needs, without jeopardizing the future potential for satisfying their need (He, 2007). For most developing countries, the primary problems are poverty and development, including providing necessities for the poorest population. The poor conditions must be improved before the any environmental issues are taken into account.


 For these countries to reach a level at which they can pay for abatement of pollution requires a lot more than just economic growth. They often need to improve their structural and institutional positions before they can start improving their environmental levels.


As a result developing countries tend to have lower pollution control than the developed countries. This opens a window for the developed countries to export their pollution to the developing world. This effect is due to trade liberalization, which allowed countries to exchange goods more freely and led to the demand for cheaper production sites. Some economists argue that this might be one explanation for the existence of the EKC observed in developed countries (Munasinghe, 1995). If this is the case, replication of the EKC pattern by the developing countries will be more difficult as they will not be able to export their productions to even less developed countries. 


According to Ekins (1997), if pollution reduction in the developed countries is largely due to the export of pollution to developing countries, there might be a problem for the sustainable development of the world as a whole. 


However, it seems impossible to say that reduction in environmental pollution is due only to the increasing level of GDP. Sometimes, a scientific discovery can drastically affect the level of pollution, as in the case of leaded petrol. It can be said that such discoveries as well as some technological progresses are a historical events that often occur once.  This means that the environmental changes, such as those described by the EKC might also be a result of a one time event. Therefore, it is quite difficult to say that they will represent the relationship of the currently developing countries. 



The developing countries also have an opportunity to learn from the mistakes of the already developed countries and avoid some of the polluting policies that have been implemented there in the past (Munasinghe, 1995 and Panayotou, 1997, 2003). This gives the developing countries a large opportunity to use and develop cleaner technologies to reduce pollution in the periods of maximum pollution growth.
If this is the case, then the shape of the EKC might be slightly altered. According to Munasinghe (1995) and Panayotou (1997, 2003) the developing countries might decide to remove environmentally harmful subsidies, in order to reduce the pollution of environment, beyond a certain threshold. The EKC, in this case, will look close to the figure shown in Fig. 2.2. 
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Figure 2.2

However, this diagram assumes that the development path will be largely the same as the one taken by the developed countries. On the other hand, if the developing countries do not take the same development path as historically predicted, the shape of the EKC could be different. As the EKC is based on historical development, the shape might be radically different depending on the degree of change of the development pattern. 

According to some researchers, not all countries are affected equally by different historical events, for example the oil crisis in 1970. Some historical evens are country specific, whereas others affect a number of countries. Openness to trade is usually correlated with the effect that world events will have on a country.  This implies that the EKC analysis focusing on different countries is bound to yield different results (He, 2007) 
The EKC hypothesis is often considered as static. It can’t always reflect the dynamic trends of the individual county’s production capacity and environmental quality. The initial environmental situation in most developing countries today is much worse than that of the countries that started to develop over a century ago. 

This means that adjustments must be made to the increased pollution abatement costs Therefore, it seems unlikely that the ‘one-fit-for-all’ EKC reflects the reality of the changing trends and shape of economic growth-pollution relationship of an individual country and its environmental situation. This is one of the reasons why some studies conclude that the EKC turning points tend to increase if more developing countries are added to the analysis (Selden, and Song, 1995). 

The general EKC trend, therefore, does not seem like a fair indication of all countries’ income-pollution relationships and can only be used as a static model, which predicts at which stage of economical development a country is and what amount of CO2 it should be emitting.  The next two chapters focus on the single country analysis of the economic growth-environmental pollution trajectory of the developing countries. This is done to test whether EKC is a good representation of the income-pollution relationship in developing countries.

Chapter 3

3.1 Introduction
The main purpose of this paper is to identify whether the Environmental Kuznets Curve is a valid representation of the relationship between economic growth and environmental situation of a country. Literature and situation analysis, performed in the first two chapters, focus on the theoretical side of the problem. However, an empirical analysis is needed in order to clarify the situation and identify the relationship between GDP growth and CO2 emissions. This chapter will look at the available data in detail and describe the methodology of the analysis. 

3.2 Data collection

As mentioned earlier, the indicator for economic growth, chosen for the purposes of this paper is GDP, and the indicator for environmental quality is CO2 emissions. Both indicators are taken at the per capita level. This eliminates the problem of country size and population, and allows comparison between different countries. 


 The available data on carbon dioxide emissions spans from 1950 to 2005. (Source: Gregg Marland, Tom Boden, and Bob Andres (Oak Ridge National Laboratory), reference http://cdiac.ornl.gov/trends/emis/overview_2006.html) This period was chosen due to the range of economic development that has taken place in that time. The periods before 1950 do not seem as relevant in terms of development, as the chosen time. The same time period is, also used for the GDP. The income levels of any earlier period would be irrelevant, due to their absolute nature. (Source GDP: Maddison, reference: http://www.theworldeconomy.org/)

The database provides information for most, if not all countries. However, this paper only concentrates on the developing countries. For the purposes of this paper 18 developing or emerging countries were chosen to represent the developing world. This was done by taking the CO2 emissions data for the year 2005 relative to the world total. As the world percentage figures were calculated for all developing countries, only those constituting 1% or higher of world emissions where chosen. 18 countries met this requirement. Therefore, they were taken as the subjects for this analysis.

The resulting countries and their descriptive statistics are provided in table 3.1.  

	Country
	Variable
	Mean
	Standard Deviation
	Minimum
	Maximum

	Algeria 
	GDP 
	2454.65
	659.50
	1346.94
	3431.03

	 
	CO2 emissions
	576.98
	364.31
	114.45
	1152.83

	Argentina 
	GDP 
	7031.70
	1234.30
	4717.41
	9154.77

	 
	CO2 emissions
	858.82
	171.36
	476.26
	1065.88

	Brazil 
	GDP 
	3944.79
	1430.53
	1671.72
	5942.53

	 
	CO2 emissions
	312.54
	122.09
	100.42
	482.10

	China 
	GDP 
	1574.78
	1285.17
	448.02
	5575.37

	 
	CO2 emissions
	417.45
	266.67
	39.26
	1161.39

	Egypt 
	GDP 
	1833.24
	767.17
	884.53
	3200.49

	 
	CO2 emissions
	294.28
	141.13
	111.15
	610.45

	Former USSR
	GDP 
	5115.11
	1309.93
	2805.85
	7111.78

	 
	CO2 emissions
	2512.38
	788.55
	1032.11
	3873.31

	India 
	GDP 
	1110.90
	468.28
	619.00
	2418.55

	 
	CO2 emissions
	161.14
	93.29
	50.62
	349.99

	Indonesia 
	GDP 
	1907.80
	975.17
	803.25
	3868.27

	 
	CO2 emissions
	180.34
	134.04
	30.59
	523.23

	Iran 
	GDP 
	3759.64
	1400.12
	1504.36
	6691.35

	 
	CO2 emissions
	874.22
	467.27
	-90.05
	1903.79

	Malaysia 
	GDP 
	3922.58
	2495.32
	1413.02
	9208.88

	 
	CO2 emissions
	724.61
	605.42
	87.36
	2731.23

	Mexico 
	GDP 
	5039.44
	1597.51
	2365.02
	7485.50

	 
	CO2 emissions
	785.54
	329.16
	292.33
	1303.26

	Nigeria 
	GDP 
	1051.68
	193.53
	699.12
	1392.51

	 
	CO2 emissions
	127.42
	83.49
	14.16
	270.99

	North Korea 
	GDP 
	12139.21
	6754.61
	1920.72
	21978.49

	 
	CO2 emissions
	1570.15
	1044.74
	22.49
	3392.50

	Pakistan 
	GDP 
	1182.09
	465.88
	595.58
	2083.53

	 
	CO2 emissions
	118.13
	51.37
	43.93
	225.58

	Saudi Arabia 
	GDP 
	7617.34
	3241.31
	2230.77
	13420.94

	 
	CO2 emissions
	2391.00
	1645.72
	-24.16
	4937.71

	South Africa 
	GDP 
	3700.03
	536.21
	2534.95
	4480.50

	 
	CO2 emissions
	1985.57
	390.09
	1225.45
	2569.29

	Thailand 
	GDP 
	3127.13
	2232.25
	817.05
	7878.06

	 
	CO2 emissions
	340.15
	355.90
	12.97
	1151.88

	Venezuela 
	GDP 
	9250.57
	992.97
	7019.03
	11250.88

	 
	CO2 emissions
	1783.51
	375.63
	1156.78
	2833.50

	Cross-country
	GDP 
	4209.04
	1314.71
	1980.55
	6487.69

	 
	CO2 emissions
	900.27
	324.64
	352.54
	1377.16


Table 3.1
The Table also provides information on the cross-country. An average of all the data on GDP and CO2 emissions for every year for all the countries was taken. Then the descriptive statistics were calculated. The same data was used for the cross-country analysis presented in the next chapter.

3.3 Methodology
The Environmental Kuznets curve theory, as mentioned earlier, predicts an inverted U-shaped relationship between economic growth and environmental quality. In econometric analysis this relationship could be described as quadratic. There is also a possibility that GDP is proportional to CO2, this would be a linear relationship, and finally the N-shaped curve, also described earlier, takes a cubic form in econometrics.

In order to evaluate whether the two variables actually have the quadratic relationship described in literature, a statistical analysis must be conducted. This could be done by using the Least Square Regression method, which would allow for the determination of the shape of the relationship between the two variables giving a wide range of possible solutions. It will also help to determine whether the relationship is significant in different situations discussed further in the section.

However, both variables are time dependant. This means that both variables are dependant on technology, historical events etc. In order to eliminate this factor from the analysis, it must be included in the regression, allowing us to control for these events. This factor will be expressed as a time factor, T, that will take all the above mentioned events into account.. T=1 in year 1950 and T=56 in year 2005. In order to correct for the possible quadratic dependence on this factor, the T2 term will also be introduced and analyzed to test for non-linear time effects. This might be needed to eliminate some of the effects of time that influence both variables. If, however, this is not done, then the analysis becomes ambiguous as third-factor problems might arise. 


In order to find what relationship is significant, if any, the following equations can be used:
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The subscript i represents a single country. As this paper focuses primarily on single country analysis, the following equations will be used for all the countries separately. The term ε represents the error term. This is the term that takes into account all the other factors not included in the analysis.

To check if the relationship described by the equations is significant a certain null hypothesis needs to be set and tested. This will show whether the GDP is influential for the level of CO2 emissions.  If the relationship is influential, then an analysis could be conducted on the impact of the relationship, if not then further study is required. 

The following tests will be conducted in order to find the trajectory expressed by the relationship. 

First, to check the linear relationship versus the EKC, we look at the P-values of the α1 and α2 coefficients. First a linear equation, shown above, will be analyzed, then the quadratic. If the P-values are smaller than the critical level of 5%, then the null hypothesis, being α1=0 or α2=0, is rejected. It is important to point out that the alternative hypothesis is one-sided: in the linear case Ha:
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Secondly, to check N-shape (cubic) versus EKC, test 
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. The same procedure will take place. The quadratic and the cubic relationship will be analyzed. In the end, the equation that best describes the relationship will be picked in terms of the most generalized equation that significantly explains the changes in CO2 emissions.

The investigation into the coefficients will only give one side of the story, however.  The analysis of the curves will also be conducted. This will be done by comparing the maximum point of the quadratic relationship and the cubic relationship (linear does not have a maximum) to check, whether the two points defer. If they do, then it is clear that the quadratic relationship cannot explain the income-pollution relationship. However, if the two points are the same, then one can conclude that the EKC is still valid as the representation of the relationship, given the data range. 

Due to the fact that the limited data range only gives a part of the curve, future projections need to be made in order to specify the actual shape of the relationship. One way to do this projection is if by continuing the curve, however, this is not a very precise way of estimating because it is not known, how the relationship will progress. 

3.4 Conclusion

There are many opposing views as to the nature of the relationship between the environmental position of a country and its GDP per capita, some evidence show that the resulting curve directly follows the environmental Kuznets curve, whereas others predict an entirely different shape. 

However, different indicators show different trends. An analysis of carbon dioxide against GDP per capita should shed some light on this relationship in the less developed world. However, as shown in the previous chapter, the EKC is often not a valid representation of the relationship between the economic growth and environmental situation in developing countries. This is, however, only a theoretical conclusion. A better analysis of the situation can be conducted by examining the empirical evidence, provided in the next chapter. 

Chapter 4

4.1 Introduction

The previous chapters focused mainly on the theory. This chapter, however, will focus mostly on the empirical analysis of the 18 less developed countries discussed in the previous chapters. It will provide evidence as to what kind of relationship is present between economic growth and environmental position of the country. 

This chapter presents results for each individual country as well as a cross-country analysis, which helps compare the results of single countries with the usually conducted cross-country analysis. The results will be compared by their shapes and the points represented by GDP, where the emissions are at a peak. There will also be a comparison between the countries themselves according to the type of relationship and the levels at which there might be a turning point.

4.2 Country specific results

In the analysis, the lines-of-best-fit are discussed for each of the 18 developing countries. The results will consist of linear, quadratic or cubic relationships between economic growth and CO2 emissions. The resulting equations will be used to find the maximum level or the inflection point (in the case of some cubic relationships). The maximum point shows the level of GDP, at which the CO2 levels will start to decrease (which is also called a turning point), and the inflection point will show the level at which the rate of CO2 emissions will increase again. 

The first country that will be discussed is China. This is an emerging economy that has been growing at a large pace over the past 10 years. Due to the fact that many developing countries have moved their productions and, sometimes, operations to this country in the past few decades, it makes an interesting case for the relationship between emissions and economic growth. 

China
This country analysis will be more detailed than all of the other countries in order to present an example of how the analysis was performed. It is beyond the scope of this paper to present a full analysis of each country.

The graph below represents a preliminary analysis of the data. The blue points represent the actual observations. This is the data that is described in the previous chapter. The other three colours represent the predicted relationships. The analysis below will look closely at each of the predicted relationships and draw conclusions about what type of relationship is more representative of the actual data.
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Figure 4.3

The first relationship to be discussed is the linear relationship. The reason for this is that it allows a logical progress through all the three types of equations, discussed in the previous chapter. This also allows us to look at each individual case in detail. 


The linear relationship can be represented by the following equation:
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In order to check, whether this relationship holds, one must make a null hypothesis and an alternative hypothesis. The former should say that the α1 coefficient is equal to zero, and the alternative that it is larger than zero. If the null hypothesis is rejected it is quite likely that the alternative will be true. The reason why the alternative is only one sided is represented by the shape of the curve. In the linear case, it is predicted to have a positive slope, rather than a negative one. 


The two hypotheses are summarized below.
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[image: image11.wmf]0

1

=

a


Ha: 
[image: image12.wmf]0

1

>

a



Running a regression on the data on carbon dioxide emissions, GDP and time brings forth the following results:

	R Square
	0.96

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-54.29
	34.31
	-1.58
	0.12

	GDP per capita
	0.14
	0.027
	5.03
	0.00

	T
	14.26
	2.62
	5.43
	0.00

	T^2
	-0.14
	0.07
	-1.91
	0.06


Table 4.1

Assuming that that the critical P-value is 5%, the following conclusions can be drawn from these results. The R2 is quite close to 1. This implies that most of the variation in CO2 is explained by GDP and time. This is a good thing when trying to construct a regression. 

The P-value of the GDP per capita coefficient is very small, which means that the level H0 can be rejected at a 5% level. This would be done even at a 1% level, which implies that there is not enough evidence to say that
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The results also seem to show that the time factor (T) influences the CO2 emissions as well, if the 5% critical level is taken or a 1% critical level. However,  the T2 coefficient is not significantly different from zero at the 5% level. This means that the coefficient will be considered equal to zero and therefore, its influence will disappear. However, the this is not enough to state that the relationship is linear. Referring back to Figure 4.1, the linear estimation is clearly not very representative of the actual observations. This means that a further analysis is required. 


In order to determine whether a quadratic relationship is a better fit, the following equation should be used and analysed. 
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The actual data is against analysed using a regression with the following hypotheses 

H0: 
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The hypotheses test whether the coefficient α2 is equal to zero, in which case the quadratic relationship is not the right fit for the actual data. The results of the regression are presented below in Table 4.2.
	R Square
	0.96

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-49.79
	70.96
	-0.70
	0.47

	GDP per capita
	0.13
	0.11
	1.17
	0.25

	GDP^2
	0.00
	0.00
	0.07
	0.94

	T
	14.15
	3.05
	4.64
	0.00

	T^2
	-0.13
	0.12
	-1.07
	0.29


Table 4.2
The R2 value is close to 1, however it is also very close to the linear value of R2. On the one hand, this implies that GDP and GDP2 explain a most of the variation in CO2. On the other hand, it also means that very little more of the variation is explained by the introduction of the GDP2 term.

The P-value for the first coefficient suggest that at a 5% level, there is not enough evidence to reject the null hypothesis, meaning that the coefficient is very close to zero. This implies that there is probably no relationship between the CO2 and GDP.  The P-value for the second coefficient is still larger than 5%, or even the 10% critical level (this also applies to first coefficient). This means that there is not enough evidence to reject the null hypothesis here either. 

However, the P-value for the linear time coefficient is quite small, meaning that the CO2 emissions are influenced significantly by time. The quadratic time effect, will not be influential in this case, as the P-value for the coefficient is larger than the 5% critical level, meaning that the coefficient is equal to zero and has no effect. This is the same conclusion that was obtained in the linear equation.

 Examination of the coefficients shows that the quadratic relationship is not very representative of the actual data. This means that a further analysis is required. 

A cubic relationship is the last relationship that will be taken into account in this analysis. The equation, representing it is shown below.
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The appropriate hypotheses are also provided below. They represent the conditions, under which the cubic relationship will be representative of the actual data.
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The numbers provided in Table 4.3 represent the results for the above regression. 
	R Square
	0.98

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-253.17
	66.20
	-3.82
	0.00

	GDP per capita
	0.66
	0.128
	5.19
	0.00

	GDP^2
	-0.00
	0.00
	-5.50
	0.00

	GDP^3
	0.00
	0.00
	5.70
	0.00

	T
	8.30
	2.61
	3.19
	0.00

	T^2
	-0.14
	0.10
	-1.39
	0.17


Table 4.3
In this case, R2 is larger than in the previous 2 examples. This means that even more of the variation in CO2 is explained by GDP. This is a good sign as it shows that the introduction of the GDP3 term plays a large role in explaining the variation in carbon dioxide emissions.

P-values for all three coefficients, related to GDP are very small. Even at a 1% level, the null hypothesis will be rejected. This means that there is not enough evidence to say that 
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. The same could be said for the α1 and α2.  This implies that it is most likely the best fitting model for the actual data. 


The P-values for the coefficient of T also shows that this term is quite important for explaining the CO2 emissions. However, the T2 coefficient is not important and will be rejected at a 5% level. 

The above analysis of China shows that the best fitting model, in this case is the cubic model. This means that the EKC, that describes a quadratic relationship between economic growth and environmental situation in a country, does not hold in this time period. However, it is important to point out, that it is possible that this is only the first part of the trend and that in later years the trend will shift towards the more bell shape relationship. In order to check this, an estimation of the future must be done. 
However, even though statistically this relationship defers from the quadratic relationship, a simple test could be conducted to check whether this is true in reality. The quadratic relationship shown in table 4.2 is examined by calculating the maximum point. The same is done, by calculating the maximum point on the cubic relationship, if such exists. The comparison of the two maxima will show whether the EKC can actually represent the available data. 

It seems that there is no maximum level for the cubic relationship. There is also no maximum level for the quadratic equation, only a minimum, which implies, that the EKC does not apply. 
India
The detailed results for this and all the following countries can be found in the Appendix I. Here we discuss only the main findings.
The analysis for India also began by looking at the linear relationship. The R2 for this analysis was very large (around 99.2%). This means that GDP and Time explain the majority of the variations of the CO2 emissions in India. This is a good sign, when trying to find the relationship between economic growth and environmental position of a country.  

Due to the very high P-value, the linear equation was not found to be a good representation of the trajectory of changes in CO2 emissions relative to GDP.

The only factor that does play a significant role here is the T2 factor. This means that it influences CO2 emissions more than any of the other factors, if the linear equation is taken. 

A quadratic analysis provided the following information. The R2 value is very close to one, which means that fluctuations in CO2 are almost wholly explained by the equation. The value for R2 is significantly different from the previously obtained value. This implies that much more can now be explained. This is a very good thing in this type of analysis. 

A P-value analysis shows that the quadratic model is a good representation of the relationship. However, a cubic analysis still needs to be performed. 

The analysis of the P-values, in this case, shows that the null hypothesis will not be rejected. This means that the cubic relationship is not representative of the interaction between GDP and CO2 emissions. 

Hence, for India the line of best fit has a quadratic equation. From this information a maximum point can be obtained. In, this case the maximum point is at the level of 2,169 of GDP in 1990 dollars. This figure of GDP was surpassed by India sometime between 2003 and 2004. In this case, the maximum point was available, because the coefficient of the GDP2 term was negative. This implies that the quadratic does indeed have an inverse U-shape predicted by the EKC.

Pakistan

An analysis of Pakistan shows that the relationship between economic growth and environmental position of the country can be represented by a quadratic equation, but not by a cubic one. At a quadratic level, all of the coefficients are significant, even those for time. This implies that all coefficients play an important role in fluctuations of CO2. This is also represented by the R2 value of almost 97% (please refer to Appendix I).

Even though a quadratic relationship exists, it is the not an inverse U-shape. This means that it is not possible to find a maximum as it does not exist. This also means that the environmental Kuznets curve does not hold in the case of Pakistan.
Algeria


The analysis for this country revealed that the model that best represents the economic growth, environmental position relationship is the cubic model. However, the time factor in this model does not have any significant influence, (the P-values are higher than 5%). 


The R2 for this model is close to 94.8%. This figure is higher than for the other two models. The implication of this is that the large majority of the CO2 variations can be explained by this model. 


In order to eliminate the possibility that the quadratic equation can, in fact, be representative of the data, the following test is conducted. The quadratic maximum is calculated as well as the cubic maximum. 

In this case, the quadratic maximum cannot be calculated because, the coefficient of the GDP2 is positive (please refer to Appendix I). The maximum for the cubic relationship, however, can be obtained as is located at the level of 3,028 dollars. This means that the quadratic and cubic equations are very different and predict completely different outcomes. Therefore, it can be concluded that the EKC is not representative of the actual relationship between economic growth and CO2 emissions in Algeria.
Argentina


The data analysis here shows that the line of best fit is the cubic relationship. All the P-values here could be rejected at a 5% critical level. The R2 value for this analysis is not as high as for some of the previous examples, however, it is very close to one and, therefore, acts as a good indicator of the relationship. 

The maximum level of the emissions was calculated using the cubic equation. It was found that the maximum is located at the level of around 8,800 dollars. The same was done with the quadratic equation, which brought the quadratic maximum to around 10,200 dollars. This means that the difference between the quadratic equation and the cubic equation is quite large. It also implies that the income-pollution relationship is increasing. Therefore, the EKC does not hold.

Mexico

The data for Mexico shows that the best fitting line has a cubic form. This can not only be seen from the regression results, but also from the graph (Appendix I). The results show that the relationship is again not quadratic as predicted by the EKC, but cubic with a turning point at around 7,550. 

Brazil

The P-value analysis shows that the trajectory of CO2 emissions relative to the GDP per capita can be represented as a cubic function. This means that the level of CO2 emissions per capita is increasing with the level of GDP. 

This can be seen not only from the regression analysis but also from the graph (Appendix I). The results also indicate that the changes in GDP reflect the changes in the CO2 emissions. However, the time factors T and T2 are also important and quite significant in the analysis. The coefficients for both factors are significantly different from zero (5% critical level), this means they influence the relationship as well.  

The analysis of the maxima showed that the cubic maximum does not exist, but there is an inflection point at the level of 4,620. The quadratic maximum, estimated using the quadratic equation predicted by the regression analysis, showed a maximum at 7,760. This implies that the EKC does not hold and that the relationship between economic growth and environmental pollution is generally increasing.

Venezuela

The regression equation that fits the trend for Venezuela is best described by a quadratic function. The P-value for a α3 is very large and therefore, there is not enough evidence to suggest that α3 does not equal to zero. The analysis of the quadratic equation, on the other hand, shows that this type of function does play a role in the fluctuations of the CO2. 

Again, the coefficients for the GDP variables are not the only ones that are significantly different from zero. The time factor again plays a role. The time factor, as mentioned earlier, represents technological changes and changes in other common factors that affect all the countries. 

Calculating the maximum of the quadratic relationship, brings the maximum emissions at the level of 8,990 dollars. In this case, this figure was passed in 1956 then again in 1988. There is enough information to conclude that the environmental Kuznets curve does describe the income-pollution relationship in Venezuela.

North Korea

In the case of North Korea, the line of best fit is a quadratic line. However, even here the α1 coefficient is equal to zero. All the other, coefficients, including the time factors, are significantly different from zero and influence the CO2 emissions. 

The cubic equation is not a good representation of the results because the α3 is not significantly different from zero, therefore, it does not influence the CO2. However, even though statistically significant, the quadratic equation is also not representative of the EKC. Having conducted the regression analysis, a stationary point was calculated, which, as it was found, was a minimum rather than a maximum. This means that the shape obtained by the quadratic equation is the opposite of that predicted by the EKC. 

Iran

The cubic equation is a good description of the relationship in this country. All the GDP and the T2 factors seem to play a significant role in explaining the CO2 fluctuations. However, the T factor seems not to influence the CO2 emissions and have a coefficient not significantly different from 0. 

The above analysis means that, using the cubic equation provided by the regression analysis, an inflection point could be found at a level of 4,466 in GDP in 1990 International Geary-Khamis dollars. This level of GDP was reached by the country twice, once in 1972, after which there was a fall in GDP levels, and again in 2000. There was no maximum for the cubic equation, however. The estimation of quadratic maximum is around 10,038. This means that the two equations largely differ and the EKC does not hold.

Saudi Arabia

The cubic relationship seems to be the most representative of the relationship between the economic growth and the environmental position of the country. This conclusion was reached not only by looking at the graph and the P-values of the regression analysis, but also by looking at the R2 value. The R2 values for the linear and the quadratic equation are around 91%, however, the value for the cubic equation is 94%. This means that 3% more of the fluctuations is expressed in terms of the cubic equation. 

South Africa
There seems to be a quadratic relationship between the level of GDP and the CO2 emissions per capita in this country. This means that the environmental Kuznets curve might be a good representation of the trajectory of the CO2 emissions with respect to GDP. 

However, it must be mentioned that the R2 value for this analysis is not as high as for many of the other countries. This means that not as much of the fluctuations of CO2 is explained by this model. 


No maximum can be calculated, however, from the above equation. This is due to the fact that the equation obtained through the regression analysis contains a positive quadratic coefficient. This implies that the ECK does not hold, contrary to the statistical conclusions.

Egypt

A P-value analysis shows that the best line of fit for the data for Egypt has a cubic equation. The R2 value for this regression equation is also quite high. This implies that it is quite representative of the actual relationship. 

The time factor T, however, is not influential in this case. It has a coefficient which is equal to zero (see Appendix I). 

Nonetheless, the trend is upward sloping, in this case, as predicted by the EKC for developing countries. However, the EKC seems to be an incorrect representation of the relationship in this case. There is no evidence to suggest that the further growth of GDP would cause the slope to change in the opposite direction.. 

Nigeria

The only relationship, that seems to represent the actual data for Nigeria, has a linear form. This is the only country in the analysis that presents such results. However, the R2 value that is calculated during the regression analysis shows that this is a far from perfect model (R2 is close to 75%). 

This means that it is not possible to find the peak of the level of GDP at which the CO2 emissions will start to decrease. It is possible that in the future the relationship will change, however, there is no evidence to suggest which way it will change. 

Indonesia

The best fit line, in this case, is a cubic equation, according to regression analysis. This means that there is a point of inflection for Indonesia, based on the regression analysis, will be at 2,183 dollars. This level was reached in the year 1988. 

Thailand

Thailand seems to have a cubic relationship between GDP per capita and CO2 emissions per capita. The results also show that the T2 has no influence on the CO2 emissions. However, the αT has a significant influence on the emissions of carbon dioxide in the country. 

The R2 value for Thailand is very high (around 99.6%). This means that the relationship represents the majority of the fluctuations in levels of CO2. 

Malaysia

The performed regression analysis provides evidence that the best function that represents the relationship between GDP per capita and the CO2 emissions per capita is the cubic relationship. The results also show that all of the coefficients are significant, including the time factor coefficients. 

Former USSR countries

The analysis here is perhaps a mid step between a single-country analysis and the cross-country analysis. The USSR was a single country until 1991 and then separated into 16 different countries. For the sake of this analysis, all 16 countries will be counted as one, as there is no separate information as to how much each country produced or how much each earned. 

The best fitting regression equation for the former USSR countries has a quadratic form. All of the coefficients are significant and influence the level CO2 emissions.

The R2 proves that model is a good representation of the fluctuations in CO2 emissions. 

Cross-country analysis

This analysis is different from all of the above. In order to find the general trend for all of the countries discussed above, an average of all the CO2 emissions per capita and the average of all the GDP levels was taken. These figures were compared to each other and to time. The resulting relationship had a cubic form. 

The cubic maximum point was calculated at the cross-country level and was found to be at 14,000 dollars. This figure has not yet been surpassed, according to the averages obtained from the data. The average in 2005 only reached the level of 6,488, which is far from the maximum.  This means that the rate of emissions will continue to increase until the predicted maximum level has been reached.

4.3 Comparative study of the countries


The previous section discussed the results of the empirical analysis conducted during the study. This section will compare those results to each other and to the cross-country level.


Table 4.4 provides a brief summary and some new information for all of the countries. It includes the form of the relationships and their relation to the quadratic form predicted by the EKC. The table also provides information on whether the EKC holds in each of the cases based on the statistical analysis and the analysis of the maxima. 
The table shows that most of the countries that had a statistically significant quadratic relationship do not, in fact follow the EKC hypothesis. Some countries have already surpassed the level of development at the maximum level of CO2 emissions. This information, though not available in the table below, can be found in the Appendix of the thesis. The fact that some countries have already surpassed the required level, can imply that their level of CO2 emissions is decreasing. This means that the prediction of the EKC hypothesis that the developing countries are located towards the lower end of the spectrum is inaccurate. 

The table also shows that the level predicted by the cross-country analysis is well above all of the estimations made for all the separate countries. This implies that each country has its own path of development and each needs different levels of economic growth to change its CO2 emission patterns. The analysis of the data also provides evidence that the turning point is not as high as predicted by previous research based on cross-country analysis. 

One of the countries has a linear relationship. This is a rather strange result, based on all other obtained results. One of the reasons could be that the relationship is more complex and cannot be described by the regression analysis conducted in this paper. A further study on the topic is required. 
On the other hand, as mentioned earlier, economic growth is not fully responsible for the changes in CO2 emissions. This implies that for the case of Nigeria there might be other factors, which are not taken into account in this analysis. However, this begs the question of how the rest of the results can be improved to avoid this kind of situations.  Perhaps a policy analysis will give a better indication of what is happening in Nigeria that makes it such an outlier. 

The results above also indicate that there is no particular level at which the CO2 emissions start to decrease. It seems that it is very specific for each country. This means that one cannot predict with certainty at which point the developing country will start to decrease the CO2 emissions based on a cross-country analysis. 

	Country
	Form of relationship
	Cubic maximum
	Quadratic maximum
	EKC hold?

	China
	Cubic
	None

Inflection at 3,093
	None
	No

	India
	Quadratic
	-
	2,169
	Yes

	Pakistan
	Quadratic
	-
	None
	No

	Algeria
	Cubic
	3,028
	12,607
	No

	Argentina
	Cubic
	8,808
	10,193
	No

	Mexico
	Cubic
	7,552
	None
	No

	Brazil
	Cubic
	None 

Inflection at 4,620
	7760
	No

	Venezuela
	Quadratic
	-
	8.990
	Yes

	North Korea
	Quadratic
	-
	None
	Yes

	Iran
	Cubic
	None

Inflection at 4,566
	10,038
	No

	Saudi Arabia
	Cubic
	12,264
	None
	No

	South  Africa
	Quadratic
	-
	None
	No

	Egypt
	Cubic
	None

Inflection at 1,920
	None
	No

	Nigeria
	Linear
	-
	None
	No

	Indonesia
	Cubic
	None inflection at 2,183
	None
	No

	Thailand
	Cubic
	10,265
	None
	No

	Malaysia
	Cubic
	None

Inflection at 4,774
	None
	No

	Former USSR
	Quadratic
	-
	None
	No

	Cross-country 
	Cubic
	14,000
	None
	No

	Country
	Form of relationship
	Cubic maximum
	Quadratic maximum
	EKC hold?

	China
	Cubic
	-
	None
	No

	India
	Quadratic
	-
	2,168.67
	Yes

	Pakistan
	Quadratic
	-
	None
	No

	Algeria
	Cubic
	3,028
	12,607
	No

	Argentina
	Cubic
	8,808
	10,193
	No

	Mexico
	Cubic
	7,552
	4,146
	No

	Brazil
	Cubic
	None 

Inflection at 4,620
	7760
	No

	Venezuela
	Quadratic
	-
	8.990.36
	Yes

	North Korea
	Quadratic
	-
	None
	Yes

	Iran
	Cubic
	None

Inflection at 4,566
	10,0038
	No

	Saudi Arabia
	Cubic
	12,264
	None
	No

	South  Africa
	Quadratic
	-
	None
	No

	Egypt
	Cubic
	None

Inflection at 1,920
	None
	No

	Nigeria
	Linear
	-
	None
	No

	Indonesia
	Cubic
	None inflection at 2,183
	None
	No

	Thailand
	Cubic
	10,265
	None
	No

	Malaysia
	Cubic
	None

Inflection at 4,774
	None
	No

	Former USSR
	Quadratic
	-
	None
	No

	Cross-country 
	Cubic
	14,000
	None
	No

	Country
	Form of relationship
	Cubic maximum
	Quadratic maximum
	EKC hold?

	China
	Cubic
	-
	None
	No

	India
	Quadratic
	-
	2,168.67
	Yes

	Pakistan
	Quadratic
	-
	None
	No

	Algeria
	Cubic
	3,028
	12,607
	No

	Argentina
	Cubic
	8,808
	10,193
	No

	Mexico
	Cubic
	7,552
	4,146
	No

	Brazil
	Cubic
	None 

Inflection at 4,620
	7760
	No

	Venezuela
	Quadratic
	-
	8.990.36
	Yes

	North Korea
	Quadratic
	-
	None
	Yes

	Iran
	Cubic
	None

Inflection at 4,566
	10,0038
	No

	Saudi Arabia
	Cubic
	12,264
	None
	No

	South  Africa
	Quadratic
	-
	None
	No

	Egypt
	Cubic
	None

Inflection at 1,920
	None
	No

	Nigeria
	Linear
	-
	None
	No

	Indonesia
	Cubic
	None inflection at 2,183
	None
	No

	Thailand
	Cubic
	10,265
	None
	No

	Malaysia
	Cubic
	None

Inflection at 4,774
	None
	No

	Former USSR
	Quadratic
	-
	None
	No

	Cross-country 
	Cubic
	14,000
	None
	No

	Country
	Form of relationship
	Cubic maximum
	Quadratic maximum
	EKC hold?

	China
	Cubic
	-
	None
	No

	India
	Quadratic
	-
	2,168.67
	Yes

	Pakistan
	Quadratic
	-
	None
	No

	Algeria
	Cubic
	3,028
	12,607
	No

	Argentina
	Cubic
	8,808
	10,193
	No

	Mexico
	Cubic
	7,552
	4,146
	No

	Brazil
	Cubic
	None 

Inflection at 4,620
	7760
	No

	Venezuela
	Quadratic
	-
	8.990.36
	Yes

	North Korea
	Quadratic
	-
	None
	Yes

	Iran
	Cubic
	None

Inflection at 4,566
	10,0038
	No

	Saudi Arabia
	Cubic
	12,264
	None
	No

	South  Africa
	Quadratic
	-
	None
	No

	Egypt
	Cubic
	None

Inflection at 1,920
	None
	No

	Nigeria
	Linear
	-
	None
	No

	Indonesia
	Cubic
	None inflection at 2,183
	None
	No

	Thailand
	Cubic
	10,265
	None
	No

	Malaysia
	Cubic
	None

Inflection at 4,774
	None
	No

	Former USSR
	Quadratic
	-
	None
	No

	Cross-country 
	Cubic
	14,000
	None
	No


Table 4.4
Chapter 5
The relationship between economic growth and environmental situation of a country has been a long debate. There has been much literature on the topic. However, this paper looked at the specifics of this relationship in relation to the 18 developing countries. The main hypothesis discussed in the last four chapters is that the environmental Kuznets curve does correctly describe the income-pollution relationship. 

A literature survey was conducted together with an empirical study, to analyse the data and test the hypothesis. This was done by taking available data for GDP per capita and CO2 emissions for a period of 56 years and analysing their statistical relationship. It was, however, also checked that the statistical significance of the relationship is different from the quadratic representation. The maximum of the quadratic equation was compared with a maximum of a cubic. This showed that none of the quadratic relationships where even close to the level of the cubic representation. 

Some of the obtained results presented a quadratic behaviour, however, a closer look at the results, showed that , in most cases, this  relationship was the opposite of what the EKC predicted. 

The statistical analysis shows that the economic growth and environmental quality relationship is not only indicator specific, but also country specific. Some countries do seem to follow the relationship described by the environmental Kuznets curve, whereas, others do not. It seems that the cross-country analysis is not an accurate way to present this relationship. 

As shown throughout the chapter, the relationships are country specific and have maxima and inflection points at different levels of GDP. The cross country analysis, however, indicates a figure well above all of the maxima levels. In literature, a similar cross country analysis often provides quite high values for GDP at which the environmental situation will change its course. 

As discussed earlier in the paper, the level of GDP predicted by the cross-country analysis differs depending on the countries chosen for the analysis and the time period chosen. This means that many of the previous studies that take developed and developing countries together, which accounts for the much higher predicted level of GDP at which the CO2 emissions start to decrease.

 Even though, only a hand full of countries do follow the environmental Kuznets curve, the general trend is that of a decreasing level of GDP. This means that the countries that have reached their maxima already, follow a downward trend. However, there are some countries that have yet to reach the critical level of GDP at which the CO2 emissions will start to decrease. These countries still follow an increasing trend. 

The generalization that is the EKC hypothesis does not always hold. As the EKC hypothesis is based on the cross-country analysis, it seems that the trends of the developing countries and those of the developed add up to an inverted U-shape, as explained in Figure 1.1. There is not enough evidence, based on the analysis provided by this paper, to suggest that each country does follow the trend described by the EKC.

The obtained results are consistent with literature. Literature analysis in Chapter 2 looked specifically at the environmental Kuznets curve in developing countries. It was found that the EKC does not always hold due to many different reasons. Some of these reasons involve historical events, such as the development path experienced by the developed countries, and others involve policy implications. 

The analysis also revealed that the level of pollution in developing countries today is higher than the pollution in the already developed countries 100 years ago. This means that the costs of abatement are also higher. Higher abatement costs and having low income mean that the shape of the EKC might be quite different from the predicted inverted U-shape. 

It seems vital that every country is looked as separately. As shown in the results and in literature, generalization of the shape of EKC act as a static model, which does not portray reality. A more dynamic approach is needed to understand the actual situation. However, to construct such a model more research is required. 

Most of the information obtained from literature presents a theoretical justification for the relationship between economic growth and environmental situation of a country. Testing these theories empirically could give an indication of what influences the shape of the EKC in which countries. If handled correctly, it is possible to find a relationship between CO2 emissions and policy, which could be then used by the countries to reduce the pollution at the early stages. 

Further research into the subject of GDP and CO2 emissions is also possible. In this analysis, there was no test of causality. Answering the question of ‘what comes first?’ would help further the discussions on the EKC. An analysis of the future projections would also help to understand the actual shape that the EKC takes for each country. 

To conclude, the EKC is a long way from being a good representation of the relationship between economic growth and the environmental situation of any country. More research needs to be done to help improve the hypothesis and make it into a more dynamic theory, which will be applicable to all the countries. 

Developing countries still have a long way to go to reduction of their emissions. However, they cannot rely only on increasing economic growth to reduce their emissions. Unlike the developed countries today, the developing countries might not have an opportunity to export their emissions in the future. This means that they will have to find new ways to reduce emissions. Technology improvements, regulation and policy combinations can help to reduce the emissions. However, the level of GDP must be quite high to afford all of the above. 

Appendix I

India results
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 (India)
	R Square
	0.99

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	47.50
	12.26
	3.87
	0.00

	GDP per capita
	0.01
	0.02
	0.90
	0.37

	T
	0.13
	0.38
	0.36
	0.72

	T^2
	0.09
	0.01
	7.16
	0.00


Linear relationship (India)
	R Square
	1.00

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-103.94
	18.37
	-5.66
	0.00

	GDP per capita
	0.29
	0.03
	9.10
	0.00

	GDP^2
	-0.00
	0.00
	-9.07
	0.00

	T
	-0.95
	0.26
	-3.61
	0.00

	T^2
	0.06
	0.01
	6.96
	0.00


Quadratic relationship (India)
	R Square
	1.00

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-115.08
	45.49
	-2.53
	0.01

	GDP per capita
	0.32
	0.11
	2.98
	0.00

	GDP^2
	-0.00
	0.00
	-1.30
	0.20

	GDP^3
	0.00
	0.00
	0.27
	0.79

	T
	-1.07
	0.52
	-2.08
	0.04

	T^2
	0.06
	0.01
	6.22
	0.00


Cubic relationship (India)
Pakistan
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(Pakistan)

	R Square
	0.95

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	31.02
	14.09
	2.20
	0.03

	GDP
	0.05
	0.03
	2.13
	0.04

	T
	-0.42
	0.53
	-0.81
	0.42

	T^2
	0.03
	0.01
	3.56
	0.00


Linear relationship (Pakistan)

	R Square
	0.97

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	132.83
	21.90
	6.07
	0.00

	GDP
	-0.21
	0.05
	-4.01
	0.00

	GDP^2
	0.00
	0.00
	5.43
	0.00

	T
	3.34
	0.81
	4.11
	0.00

	T^2
	-0.04
	0.02
	-2.61
	0.01


Quadratic relationship (Pakistan)

	R Square
	0.97

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	226.29
	60.32
	3.75
	0.00

	GDP
	-0.46
	0.16
	-2.89
	0.01

	GDP^2
	0.00
	0.00
	2.67
	0.01

	GDP^3
	-0.00
	0.00
	-1.66
	0.10

	T
	4.28
	0.98
	4.37
	0.00

	T^2
	-0.05
	0.02
	-3.00
	0.00


Cubic relationship (Pakistan)

Algeria 
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 (Algeria)
	R Square
	0.93

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-315.12
	64.80
	-4.86
	0.00

	GDP
	0.25
	0.05
	5.11
	0.00

	T
	4.27
	5.33
	0.80
	0.43

	T^2
	0.14
	0.07
	1.98
	0.05


Linear relationship (Algeria)

	R Square
	0.93

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-269.77
	345.19
	-0.78
	0.44

	GDP
	0.21
	0.34
	0.61
	0.55

	GDP^2
	0.00
	0.00
	0.13
	0.89

	T
	5.08
	8.10
	0.63
	0.53

	T^2
	0.13
	0.10
	1.28
	0.21


Quadratic relationship (Algeria)

	R Square
	0.95

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	3153.85
	813.46
	3.88
	0.00

	GDP
	-4.58
	1.10
	-4.17
	0.00

	GDP^2
	0.00
	0.00
	4.50
	0.00

	GDP^3
	-0.00
	0.00
	-4.51
	0.00

	T
	6.99
	6.91
	1.01
	0.32

	T^2
	0.07
	0.09
	0.80
	0.43


Cubic relationship (Algeria)

Argentina
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 (Argentina)

	R Square
	0.94

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	101.84
	46.21
	2.20
	0.03

	GDP per capita
	0.08
	0.01
	8.09
	0.00

	T
	14.74
	1.98
	7.45
	0.00

	T^2
	-0.19
	0.03
	-6.73
	0.00


Linear relationship (Argentina)

	R Square
	0.94

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-509.00
	359.76
	-1.41
	0.16

	GDP per capita
	0.27
	0.11
	2.40
	0.02

	GDP^2
	-0.00
	0.00
	-1.71
	0.09

	T
	9.80
	3.47
	2.82
	0.01

	T^2
	-0.12
	0.05
	-2.45
	0.02


Quadratic relationship (Argentina)

	R Square
	0.95

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	1840.53
	1200.79
	1.53
	0.13

	GDP per capita
	-0.78
	0.52
	-1.49
	0.14

	GDP^2
	0.00
	0.00
	1.86
	0.07

	GDP^3
	-0.00
	0.00
	-2.04
	0.05

	T
	10.87
	3.41
	3.19
	0.00

	T^2
	-0.13
	0.05
	-2.78
	0.01


Cubic relationship (Argentina)

Mexico
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 (Mexico)
	R Square
	0.91

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-314.90
	87.60
	-3.59
	0.00

	GDP
	0.23
	0.04
	5.46
	0.00

	T
	2.15
	6.95
	0.31
	0.76

	T^2
	-0.10
	0.07
	-1.40
	0.17


Linear relationship (Mexico)
	R Square
	0.92

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	1105.82
	604.43
	1.83
	0.07

	GDP
	-0.58
	0.34
	-1.70
	0.10

	GDP^2
	0.00
	0.00
	2.37
	0.02

	T
	51.00
	21.63
	2.36
	0.02

	T^2
	-0.74
	0.28
	-2.65
	0.01


Quadratic relationship (Mexico)

	R Square
	0.97

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	4538.86
	491.37
	9.24
	0.00

	GDP
	-2.89
	0.31
	-9.48
	0.00

	GDP^2
	0.00
	0.00
	10.81
	0.00

	GDP^3
	-0.00
	0.00
	-10.02
	0.00

	T
	74.92
	12.82
	5.84
	0.00

	T^2
	-1.00
	0.17
	-6.03
	0.00


Cubic relationship (Mexico)

Brazil
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(Brazil)
	R Square
	0.97

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	4.57
	12.65
	0.36
	0.72

	GDP
	0.07
	0.01
	7.53
	0.00

	T
	1.70
	1.42
	1.20
	0.24

	T^2
	-0.00
	0.01
	-0.10
	0.92


Linear relationship (Brazil)

	R Square
	0.97

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-94.46
	58.96
	-1.60
	0.12

	GDP
	0.15
	0.05
	3.09
	0.00

	GDP^2
	-0.00
	0.00
	-1.72
	0.10

	T
	-2.01
	2.57
	-0.78
	0.44

	T^2
	0.05
	0.03
	1.50
	0.14


Quadratic relationship (Brazil)

	R Square
	0.975997

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-452.51
	135.69
	-3.33
	0.00

	GDP
	0.47
	0.12
	3.89
	0.00

	GDP^2
	-0.00
	0.00
	-3.18
	0.00

	GDP^3
	0.00
	0.00
	2.89
	0.01

	T
	-6.92
	2.95
	-2.35
	0.02

	T^2
	0.10
	0.04
	2.84
	0.01


Cubic relationship (Brazil)

Venezuela
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(Venezuela)

	R Square
	0.69

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	3074.00
	359.66
	8.55
	0.00

	GDP
	-0.05
	0.04
	-1.12
	0.27

	T
	-59.56
	9.95
	-5.99
	0.00

	T^2
	0.80
	0.18
	4.46
	0.00


Linear relationship (Venezuela)

	R Square
	0.73

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-2794.57
	2143.89
	-1.30
	0.20

	GDP
	1.22
	0.46
	2.66
	0.01

	GDP^2
	-0.00
	0.00
	-2.77
	0.01

	T
	-64.72
	9.55
	-6.78
	0.00

	T^2
	0.89
	0.17
	5.18
	0.00


Quadratic relationship (Venezuela)

	R Square
	0.74

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	12538.74
	15460.77
	0.81
	0.42

	GDP
	-3.88
	5.12
	-0.76
	0.45

	GDP^2
	0.00
	0.00
	0.88
	0.38

	GDP^3
	-0.00
	0.00
	-1.00
	0.32

	T
	-64.24
	9.56
	-6.72
	0.00

	T^2
	0.89
	0.17
	5.17
	0.00


Cubic relationship (Venezuela)

North Korea
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(North Korea)
	R Square
	0.86

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-766.29
	164.91
	-4.65
	0.00

	GDP
	0.58
	0.07
	8.58
	0.00

	T
	-98.01
	34.72
	-2.82
	0.01

	T^2
	-1.76
	0.24
	-7.39
	0.00


Linear relationship (North Korea)

	R Square
	0.93

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-251.55
	141.90
	-1.77
	0.08

	GDP
	-0.10
	0.11
	-0.92
	0.36

	GDP^2
	0.00
	0.00
	6.84
	0.00

	T
	138.19
	42.83
	3.23
	0.00

	T^2
	-5.42
	0.56
	-9.64
	0.00


Quadratic relationship (North Korea)

	R Square
	0.93

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-23.83
	300.37
	-0.08
	0.94

	GDP
	-0.24
	0.19
	-1.23
	0.22

	GDP^2
	0.00
	0.00
	2.87
	0.01

	GDP^3
	-0.00
	0.00
	-0.86
	0.39

	T
	155.27
	47.31
	3.28
	0.00

	T^2
	-5.48
	0.57
	-9.65
	0.00


Cubic relationship (North Korea)

Iran
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(Iran)

	R Square
	0.94

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-99.93
	50.62
	-1.97
	0.05

	GDP
	0.17
	0.02
	9.96
	0.00

	T
	2.38
	4.95
	0.48
	0.63

	T^2
	0.23
	0.08
	3.13
	0.00


Linear relationship (Iran)

	R Square
	0.94

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-269.35
	153.96
	-1.75
	0.09

	GDP
	0.32
	0.13
	2.52
	0.01

	GDP^2
	-0.00
	0.00
	-1.16
	0.25

	T
	-5.64
	8.47
	-0.67
	0.51

	T^2
	0.33
	0.11
	2.95
	0.00


Quadratic relationship (Iran)

	R Square
	0.95

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-1023.21
	390.46
	-2.62
	0.01

	GDP
	1.06
	0.37
	2.83
	0.01

	GDP^2
	-0.00
	0.00
	-2.25
	0.03

	GDP^3
	0.00
	0.00
	2.09
	0.04

	T
	-15.75
	9.52
	-1.65
	0.10

	T^2
	0.48
	0.13
	3.69
	0.00


Cubic relationship (Iran)

Saudi Arabia
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(Saudi Arabia)

	R Square
	0.91

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-1074.99
	210.14
	-5.12
	0.00

	GDP
	0.31
	0.04
	7.47
	0.00

	T
	12.71
	31.39
	0.40
	0.69

	T^2
	0.67
	0.48
	1.39
	0.17


Linear relationship (Saudi Arabia)

	R Square
	0.914024

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-536.94
	527.19
	-1.02
	0.31

	GDP
	-0.00
	0.29
	-0.01
	0.99

	GDP^2
	0.00
	0.00
	1.11
	0.27

	T
	66.32
	57.48
	1.15
	0.25

	T^2
	-0.014
	0.78
	-0.02
	0.99


Quadratic relationship (Saudi Arabia)

	R Square
	0.94

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	3579.25
	953.72
	3.75
	0.00

	GDP
	-2.31
	0.53
	-4.35
	0.00

	GDP^2
	0.00
	0.00
	5.03
	0.00

	GDP^3
	-0.00
	0.00
	-4.86
	0.00

	T
	154.98
	51.20
	3.03
	0.00

	T^2
	-1.25
	0.69
	-1.80
	0.08


Cubic relationship (Saudi Arabia)

South Africa
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(South Africa)

	R Square
	0.89

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	1313.67
	177.35
	7.41
	0.00

	GDP
	-0.10
	0.07
	-1.33
	0.19

	T
	60.73
	8.21
	7.40
	0.00

	T^2
	-0.66
	0.12
	-5.48
	0.00


Linear relationship (South Africa)

	R Square
	0.91

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	5779.31
	1197.90
	4.82
	0.00

	GDP
	-2.67
	0.69
	-3.88
	0.00

	GDP^2
	0.00
	0.00
	3.76
	0.00

	T
	87.16
	10.16
	8.58
	0.00

	T^2
	-1.01
	0.14
	-7.10
	0.00


Quadratic relationship (South Africa)

	R Square
	0.91

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	9940.82
	5413.81
	1.84
	0.07

	GDP
	-6.34
	4.70
	-1.35
	0.18

	GDP^2
	0.00
	0.00
	1.04
	0.30

	GDP^3
	-0.00
	0.00
	-0.79
	0.43

	T
	87.49
	10.20
	8.58
	0.00

	T^2
	-1.02
	0.14
	-7.11
	0.00


Cubic relationship (South Africa)

Egypt
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(Egypt)

	R Square
	0.96

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	67.99
	19.66
	3.46
	0.00

	GDP
	0.09
	0.02
	3.83
	0.00

	T
	-1.66
	1.16
	-1.43
	0.16

	T^2
	0.10
	0.02
	5.94
	0.00


Linear relationship (Egypt)

	R Square
	0.97

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	163.58
	46.37
	3.53
	0.00

	GDP
	-0.08
	0.08
	-1.04
	0.30

	GDP^2
	0.00
	0.00
	2.26
	0.03

	T
	2.32
	2.08
	1.11
	0.27

	T^2
	0.02
	0.04
	0.56
	0.58


Quadratic relationship (Egypt)

	R Square
	0.97

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-226.96
	154.96
	-1.46
	0.15

	GDP
	0.63
	0.28
	2.24
	0.03

	GDP^2
	-0.00
	0.00
	-2.21
	0.03

	GDP^3
	0.00
	0.00
	2.63
	0.01

	T
	-2.50
	2.69
	-0.93
	0.36

	T^2
	0.08
	0.04
	1.84
	0.07


Cubic relationship (Egypt)

Nigeria
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(Nigeria)

	R Square
	0.75

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-229.06
	35.39
	-6.47
	0.00

	GDP
	0.25
	0.04
	5.83
	0.00

	T
	7.20
	1.66
	4.34
	0.00

	T^2
	-0.10
	0.03
	-4.07
	0.00


Linear relationship (Nigeria)

	R Square
	0.76

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-32.38
	223.38
	-0.14
	0.89

	GDP
	-0.14
	0.44
	-0.32
	0.75

	GDP^2
	0.00
	0.00
	0.89
	0.38

	T
	7.82
	1.80
	4.34
	0.00

	T^2
	-0.11
	0.03
	-4.16
	0.00


Quadratic relationship (Nigeria)

	R Square
	0.76

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-776.92
	1083.00
	-0.71
	0.48

	GDP
	2.09
	3.20
	0.65
	0.52

	GDP^2
	-0.00
	0.00
	-0.64
	0.52

	GDP^3
	0.00
	0.00
	0.70
	0.49

	T
	8.10
	1.85
	4.37
	0.00

	T^2
	-0.11
	0.03
	-4.18
	0.00


Cubic relationship (Nigeria)

Indonesia
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(Indonesia)

	R Square
	0.98

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-3.03
	16.40
	-0.18
	0.85

	GDP
	0.07
	0.02
	4.24
	0.00

	T
	-2.03
	0.69
	-2.96
	0.00

	T^2
	0.10
	0.02
	4.91
	0.00


Linear relationship (Indonesia)

	R Square
	0.98

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	41.57
	22.03
	1.89
	0.06

	GDP
	-0.01
	0.03
	-0.36
	0.72

	GDP^2
	0.00
	0.00
	2.83
	0.00

	T
	0.34
	1.06
	0.32
	0.75

	T^2
	0.07
	0.02
	3.11
	0.00


Quadratic relationship (Indonesia)

	R Square
	0.99

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-153.82
	45.24
	-3.40
	0.00

	GDP
	0.35
	0.08
	4.31
	0.00

	GDP^2
	-0.00
	0.00
	-4.21
	0.00

	GDP^3
	0.00
	0.00
	4.73
	0.00

	T
	-2.08
	1.02
	-2.02
	0.05

	T^2
	0.10
	0.02
	5.18
	0.00


Cubic relationship (Indonesia)

Thailand
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(Thailand)

	R Square
	0.99

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-45.88
	23.45
	-1.96
	0.06

	GDP 
	0.14
	0.02
	8.79
	0.00

	T
	-8.87
	1.48
	-6.00
	0.00

	T^2
	0.18
	0.05
	3.54
	0.00


Linear relationship (Thailand)

	R Square
	0.99

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	8.93
	17.18
	0.52
	0.61

	GDP 
	-0.01
	0.02
	-0.48
	0.63

	GDP^2
	0.00
	0.00
	8.01
	0.00

	T
	2.11
	1.69
	1.25
	0.22

	T^2
	0.07
	0.04
	1.77
	0.08


Quadratic relationship (Thailand)

	R Square
	1.00

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	156.20
	37.21
	4.20
	0.00

	GDP 
	-0.27
	0.06
	-4.28
	0.00

	GDP^2
	0.00
	0.00
	5.57
	0.00

	GDP^3
	-0.00
	0.00
	-4.31
	0.00

	T
	10.02
	2.34
	4.28
	0.00

	T^2
	0.03
	0.03
	0.94
	0.35


Cubic relationship (Thailand)

Malaysia
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(Malaysia)

	R Square
	0.96

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	20.74
	113.13
	0.18
	0.86

	GDP 
	0.25
	0.06
	3.89
	0.00

	T
	-21.34
	4.94
	-4.32
	0.00

	T^2
	0.30
	0.22
	1.37
	0.18


Linear relationship (Malaysia)

	R Square
	0.96

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	123.55
	117.32
	1.05
	0.30

	GDP 
	0.10
	0.09
	1.16
	0.25

	GDP^2
	0.00
	0.00
	2.32
	0.02

	T
	-8.59
	7.26
	-1.18
	0.24

	T^2
	0.13
	0.22
	0.60
	0.55


Quadratic relationship (Malaysia)

	R Square
	0.97

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-542.02
	217.08
	-2.50
	0.02

	GDP 
	0.77
	0.21
	3.74
	0.00

	GDP^2
	-0.00
	0.00
	-3.09
	0.00

	GDP^3
	0.00
	0.00
	3.51
	0.00

	T
	-21.36
	7.50
	-2.85
	0.00

	T^2
	0.10
	0.20
	0.51
	0.61


Cubic relationship (Malaysia)

Former USSR
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(Former USSR)

	R Square
	0.96

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-320.90
	88.93
	-3.61
	0.00

	GDP per capita
	0.39
	0.03
	12.85
	0.00

	T
	75.52
	9.33
	8.09
	0.00

	T^2
	-1.21
	0.15
	-8.30
	0.00


Linear relationship (Former USSR)

	R Square
	0.99

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	2401.62
	271.68
	8.84
	0.00

	GDP per capita
	-0.85
	0.12
	-6.95
	0.00

	GDP^2
	0.00
	0.00
	10.21
	0.00

	T
	110.71
	6.41
	17.27
	0.00

	T^2
	-1.70
	0.10
	-17.51
	0.00


Quadratic relationship (Former USSR)

	R Square
	0.99

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	726.58
	1031.44
	0.70
	0.48

	GDP per capita
	0.23
	0.66
	0.36
	0.72

	GDP^2
	-0.00
	0.00
	-0.82
	0.42

	GDP^3
	0.00
	0.00
	1.68
	0.10

	T
	105.18
	7.11
	14.80
	0.00

	T^2
	-1.62
	0.11
	-15.30
	0.00


Cubic relationship (Former USSR)

Cross country analysis
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(Cross-Country)

	R Square
	0.96

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-62.84
	65.42
	-0.96
	0.34

	Average GDP
	0.18
	0.04
	4.65
	0.00

	T
	12.41
	5.20
	2.39
	0.02

	T^2
	-0.13
	0.05
	-2.71
	0.01


Linear relationship (Cross-country)

	R Square
	0.96

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	608.513
	347.05
	1.75
	0.09

	Average GDP
	-0.29
	0.24
	-1.20
	0.23

	GDP^2
	0.00
	0.00
	1.97
	0.05

	T
	34.07
	12.11
	2.81
	0.01

	T^2
	-0.46
	0.17
	-2.65
	0.01


Quadratic relationship (Cross-country)

	R Square
	0.98

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	2511.54
	407.42
	6.16
	0.00

	Average GDP
	-1.81
	0.31
	-5.87
	0.00

	GDP^2
	0.00
	0.00
	6.66
	0.00

	GDP^3
	-0.00
	0.00
	-6.14
	0.00

	T
	50.49
	9.62
	5.25
	0.00

	T^2
	-0.67
	0.14
	-4.92
	0.00


Cubic relationship (Cross-country)
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