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Abstract 

According to the Environmental Kuznets Curve (EKC), economic growth will eventually 
cause carbon dioxide emissions to decrease. Is this the case in Sweden? A time series 
covering the period 1800-1995 is used to analyze the relation between carbon dioxide 
emissions and income per capita in Sweden. The empirical results indicate that an EKC for 
carbon dioxide is highly likely to exist in Sweden for the examined period. To take the 
analysis further, a cross-section data set is employed to examine the relationship between 
carbon dioxide emissions, income per capita and 4 other potentially influential variables in 
75 countries. Only carbon intensity of energy is significant for carbon dioxide emissions. 
This implies that the utilized energy source is of importance, and it is crucial to separate 
energy consumption from carbon dioxide emissions. Emissions is a matter of structural 
aspects such as the type of industry and production a country comprise, and what type of 
energy that is consumed; not merely the quantity of energy. Sweden has experienced a shift 
in production techniques and in energy supply, and the energy-efficiency has improved 
during the past 100 years. It is consequently plausible to believe that it is not a critical 
income per capita which decreases CO2 emissions – it is the “right” energy sources, energy 
efficiency and improved technology. 
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Sammanfattning 

Enligt resonemanget bakom miljökuznetskurvan (EKC) kan ekonomisk tillväxt minska 
koldioxidutsläppen på sikt. Denna uppsats analyserar förhållandet mellan koldioxidutsläpp 
och inkomst per capita i Sverige genom en tidsserieregression, och de empiriska resultaten 
visar sig stödja en EKC för koldioxidutsläpp i Sverige. I en tvärsnittsregression som 
omfattar 75 länder analyseras vidare förhållandet mellan koldioxidutsläpp, inkomst och fyra 
andra potentiellt betydande faktorer. Tvärsnittsregressionen stödjer inte en EKC för 
koldioxid. Enbart energins kolintensitet är signifikant för utsläppsmängden. Detta innebär 
att det är av betydelse vilken energikälla som används, och att det är viktigt att separera 
energikonsumtion från koldioxidutsläpp. Strukturella aspekter som vilken typ av industri, 
produktion och energikällor ett land har avgör mängden CO2-utsläpp. Sverige har 
genomgått en förändring i produktionsteknik, energitillförsel och har förbättrat 
energieffektiviteten under de senaste 100 åren. Det är därför rimligt att anta att det inte är 
en viss inkomst per capita som leder till minskade koldioxidutsläpp – det är snarare ”rätt” 
energikällor, energieffektivitet och bättre teknologi. 
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1 Introduction 

Increased droughts, rising average temperatures, severe flooding and other natural calamities are 
suggested outcomes of climate change. People in the poorest parts of the world are probably the 
ones who will be hit the hardest. Climate change can cause new poverty and will make it harder 
for poor people to find a way out of poverty and on the path of economic development (Sida, 
2008). Economic development on the other hand is often accused of causing environmental 
problems and fuel climate change. But economic growth has also lifted millions of people out of 
poverty, and has improved human welfare. Environmental distress and economic growth seem 
to be interrelated, and are often characterized as embodying a trade-off between economic 
development and a vigorous environment. The main cause of the greenhouse effect is nowadays 
recognized as fossil-fuel combustion emissions, which are believed to be primarily 
anthropogenic1. The Kyoto Protocol of 1997, the EU ETS programme, and increased media 
coverage and public concern of the environment are tokens of a mentality swift towards not 
merely economic development – but sustainable economic development.  

The environmental Kuznets curve (EKC) proposes that economic growth eventually will cause 
pollution to diminish. In summation, the EKC has been confirmed for some environmental 
indicators and polluters, but not for all. The relationship for carbon dioxide in particular tends to 
be weak as it is difficult to substitute fossil fuel (Panayotou, 2000). Kågesson (1997) argues that it 
is hard to distinguish an EKC for carbon dioxide since it is mainly a global problem, and CO2 

emissions are strongly connected to upper-income countries way of living. On the other hand, a 
study by Holtz-Eakin & Selden (1995) indicates that there is an EKC for carbon dioxide. As 
carbon dioxide affects the atmosphere, has a global-reaching impact, and is the most prominent 
greenhouse gas the relationship is worth addressing once more. Previous studies have to a large 
extent focused on cross-section data; data from different countries at different levels of income. 
Few studies have centered on the historical development within a single country, which is what 
the EKC in fact predicts (Kander, in Wickenberg et al., 2004). An additional reason for testing 
the EKC for carbon dioxide emissions in Sweden is that it has been suggested that Sweden is the 
only country among OECD which can demonstrate absolute decreases in carbon dioxide 
emissions for the period 1960-1995 (Kågesson, 1997).  

This thesis is a long time-series analysis of Swedish income per capita and CO2 emission flows 
per capita. Previous studies have focused on shorter time-series, in general 10-30 years. Hence, 
this thesis considers the long-term development in a single country, namely Sweden. Moreover, it 
analyzes additional potentially important factors of carbon dioxide emissions among 75 different 
countries through a cross-section regression to test the general validity of the EKC hypothesis. 

When it comes to greenhouse gases, they are of global nature which means that they do not only 
affect restricted areas but the entire world. This can cause a free-rider problem where countries 
with low priority of environmental issues can free-ride on countries with high priority. Due to 
the international character of greenhouse gases, a mutual way to solve the emission issue is hard, 
but necessary to find. Carbon dioxide emissions are different from many other pollutants since 
they have a tendency to increase when income per capita increases. This can be explained by 
increased demand for fossil fuel combustion products, for example cars, and an EKC may be 
hard to find. Growth may imply more pollution depending on the composition of GDP and the 
technique for producing GDP (Grossman, 1993). On the other hand, carbon dioxide emissions 
can be reduced dramatically if prioritized and there are signs of a shift in priorities when a certain 
income level is achieved (Janssen & van der Bergh, 2004). A cut in carbon dioxide emissions will 

                                                 
1 See for example the IPCC reports, The European Science Foundation or The American Meteorological Society 
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affect human life-style, and it is therefore reasonable to test if increased income per capita in fact 
diminishes carbon dioxide emissions eventually.  

1.2 Purpose 

The purpose of this thesis is to empirically analyze the relation between CO2 emission flows and 
income per capita in Sweden for the period 1800-1995. If the EKC holds true, it is interesting to 
examine a sample of other countries in order to deepen the analysis of the factors behind carbon 
dioxide emissions, and why they may differ between different countries. This forms the research 
question: How does income per capita affects the per capita emission of  CO2?  

Research hypothesis (1): There is an observable inverted U-shaped curve (EKC) 
between income per capita and CO2 emission flows in Sweden, i.e. after a certain per 
capita income level, economic growth is associated with a decline in carbon dioxide 
emissions.  

If this hypothesis is verified for Sweden, does it apply to other countries as well? A cross-section 
regression is carried out in order to analyze this and forms the second research hypothesis: 

Research hypothesis (2): Countries with low GDP per capita are more likely to pollute, 
i.e. have a higher marginal propensity to emit CO2 than countries with high GDP per 
capita. 

In order to examine additional critical factors which may have an impact on CO2 emissions a set 
of sub-hypotheses are used.  

The thesis is organized as follows; chapter two introduces growth and emissions, and closes by 
presenting previous studies. The third chapter considers the history of economic growth and 
environmental issues, and defines a theoretical perspective of the EKC. In chapter four, the 
empirical findings and results are presented and analyzed. The relationship between CO2 
emission flows and income per capita in Sweden is examined in a time-series regression. Some 
factors potentially affecting CO2 emissions are analyzed in a cross-section regression of 75 
countries, and considered in an OECD context. Finally, chapter five concludes the thesis and 
suggestions for further studies are given. 

2 Background on the Environmental Kuznets Curve 

Environmental issues in public policy are of increasing popularity. Since the Industrial 
Revolution in the late 18th and early 19th century2, the issue of environmental challenges has 
grown considerably. Several reports and studies have been conducted and the concept of climate 
change caused by manhood is in general recognized3. The main task for EU’s environmental 
policy is to ensure a sustainable development together with social progress and continued 
economic growth. The first plan of action for the environment within the European framework 
was initiated in the early 1970s, and since then more than 200 laws and regulations within the 
environmental area have been adopted (The European Commission, 2008).  

Economic development has made millions of people escaping poverty and has enhanced human 
welfare. Economic growth relies on the energy at man’s disposal, and when some forms of 

                                                 
2 In Sweden, the Industrial Revolution took off relatively late; in the mid 19th century 
3 See for example IPCC reports but one should keep in mind that these reports have been criticized for having a 
selection bias, i.e. the scientists involved are of the same opinion. However, other scientist societies have drawn 
the same conclusion, f. ex. The European Science Foundation or The American Meteorological Society. 
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energy are combusted, carbon dioxide is created as a by-product (Kander, 2002).  Different 
growth outlooks estimate global economic growth to increase in the future4, although a remark 
should be made for slowing growth prospects in the short-term future due to the current 
economic turmoil. This naturally implies a corresponding increase in productivity factors, and 
thus in environmental capital as a factor of production which leads to increased emissions.  

More trade is often associated with an increase in environmental pressure due to increased 
transportations, regional resource extraction, and more worldwide pollution. In contrast, trade 
can also contribute to international competition and increased efficiency which can improve not 
only the economic, but also the environmental performance of various economic activities 
(Janssen & van der Bergh, 2004).   

2.1 Limits to growth 

Environmental problems can possibly limit economic growth. Raw materials are finite, and this 
constitutes a constraint on economic expansion. Higher prices of fossil fuel reflecting future 
scarcity can cause growth to decline. If the damage of using fossil fuels becomes very serious, the 
use may have to be limited and growth is held back. One of the most serious barriers to 
economic growth is contemporary identified as the result of pollution according to Kågesson 
(1997). Stricter environmental laws have been accused of holding back economic growth, but it 
has also been argued that more stringent environmental regulations in fact can have a positive 
effect on economic growth5. 

Climate change imposes an impact on economic activities by affecting agriculture, ecosystems 
and human health. Sir Nicholas Stern has estimated that worldwide costs of harm from climate 
change could reach 20 % of global economic output if greenhouse gas emissions are not 
restrained (Stern, 2006). Homer-Dixon (2006) claims that we cannot count on endless economic 
growth. Another track in the debate is arguing that humanity can find ways to conquer the global 
growth constraints with market-driven innovation on energy supply, energy efficiency and 
pollution clean-up (see for example Radetzki, 1990, or Brundtland et al., 1987).  

It is a common argument among politicians and economists that economic growth is a 
prerequisite for environmental consideration. Conversely, the proponents argue that the intense 
use of energy and material in economic activities is incompatible with environmental 
sustainability and the point where the environment is considered will come too late. Is economic 
growth strongly connected to the combustion engine and consequently emissions, or does the 
EKC holds true? The industrialism has in the developed world slowly turned into service, 
information and technological economies during the past century. Less carbon dioxide emissions 
are a likely outcome from this structural change, and the EKC may be observable. On the other 
hand, the developed world has experienced slowed growth during the same period as emissions 
decreased. 

2.2 Previous studies 

In 1955, Simon Kuznets formulated a relationship between inequality and economic growth in a 
society (Kuznets, 1955). This relationship has the graphical form of an inverted U. Kuznets 
himself did not include any environmental issues in his formulation. Radetzki was the first to 

                                                 
4 See for example IMF World Economic Outlook 2007, FAO “Rapid growth of selected Asian economies - 
Lessons and implications for agriculture and food security” 2006, or World Bank “Prospects for the Global 
Economy” 2008 
5 The Porter hypothesis was formulated by Harvard economist Michael Porter and  suggests that stringent 
environmental regulations could promote innovation and technological development, and so stimulate efficiency 
(Porter, 1995) 
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introduce the reasoning behind the environmental Kuznets curve in 1990, but without giving it a 
name (Radetzki, 1990). Panayotou (1992) continued the research and named the relationship 
between pollution and income the environmental Kuznets curve. The World Bank (1992) 
followed up the research by conducting a cross-section analysis which found support for 
absolute improvements at higher income levels for some indicators. This study was followed by a 
vast amount of articles, studies and research of the EKC, for example Grossman & Kruger 
(1994), Selden & Song (1995), and Dinda (2005). A selection of previous research is presented 
below. 

Sweden demonstrates absolute decreases in carbon dioxide emissions when OECD countries are 
studied during the period 1960-1995 (Kågesson, 1997). Sweden has shifted from fossil fuel to 
nuclear power in electricity generation, and this change can partly explain the diminishing 
emission level. Holtz-Eakin & Selden (1995) used global panel data on 130 countries for the 
years 1951 to 1986 to examine the relationship between global development and carbon dioxide 
emissions. Their study suggested a diminishing Marginal Propensity to Emit (MPE) carbon 
dioxide as income per capita rises. Nevertheless, global carbon dioxide emissions will grow at 1.8 
% annually for the foreseeable future, because output and population will grow fastest in lower-
income nations with high MPE. Holtz-Eakin & Selden also found the turning point at 
US$35 428 per capita. Grossman & Krueger (1993) found evidence of an inverted U-curve for 
air and water pollutants, as well as Shafik (1994). According to Andreoni & Levinson (2001), the 
relationship between income and pollution is formed by the natural features of the abatement 
technology and not the dynamics of growth, political institutions or even externalities. They also 
found support for increasing returns for abating some common air pollutants. 

Egli & Steger (2007) utilized a macroeconomic model to investigate the determinants of the 
turning point and the cost effectiveness of different public policies aimed at abating 
environmental problems. They found that the turning point for pollutants is strongly affected by 
the degree of increasing returns to scale in abatement and the preference for a clean 
environment. This implies that public policy measures are important for managing pollution. 

Table 1. Income per capita turning point of CO2 emissions  

Author Shafik et. al Selden & Song Cole et. al  Holtz-Eakin & Selden 

CO2 turning point US$ 4 000 US$ 19 100 US$ 25 100 US$ 35 428 

 

Why would the turning point differ between different studies? The samples of countries in 
different studies have differed, and it has in general been large samples ranging between 70-149 
countries. Depending on included countries, the turning point will differ. 

In conclusion, the EKC has been confirmed for some environmental indicators and polluters, 
but not for all. The relationship for carbon dioxide in particular tends to be weak, which can be 
explained by the difficulty to substitute fossil fuel (Panayotou, 2000). Carbon dioxide is primarily 
a global problem, and is strongly connected to upper-income countries way of living (Kågesson, 
1997). The majority of the empirical studies have used cross-section data instead of considering 
the historical development within a single country, which is what the EKC actually predicts 
(Kander, in Wickenberg et al., 2004).  

2.3 Local versus global effects 

Different pollutants have different properties. Some pollutants cause local problems, such as acid 
rain, acidified lakes, and pesticides. Others, like carbon dioxide, cause wide-ranging pollution 
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which cannot be stalled by national frontiers. The magnitude of emission also poses an incentive 
issue: 

If my pollution causes local environmental problems, such as sulfur dioxide, it will affect 
me directly. By improvement I can improve my own quality of life, and thus the incentive to 
improve is high. 

If my pollution instead causes global environmental problems, such as carbon dioxide, it 
will not affect me directly to the same extent. I will not notice improvement by reducing my 
emissions, and thus the incentive to improve is low. 

Carbon dioxide is one of the most prominent greenhouse gases in the sense that it is dominating 
in the world’s atmosphere. Carbon dioxide concentration is believed to have risen by 25-36 % 
since the Industrial Revolution6 and it is a gas which stays in the atmosphere for a denary of 
years up to hundreds of years (Swedish Environmental Protection Agency, 2008). Moreover, 
carbon dioxide is related to an upper-income way of living: the propensity to use cars, to use air 
carriers, to consume energy by the use of electronic equipment etc. is higher with a higher 
income.  

It is interesting to analyze CO2 because it is the main contributor to the increasing anthropogenic 
greenhouse effect. It stands for 60 % of the increased greenhouse effect globally, and in 
industrialized countries carbon dioxide constitutes more than 80 % of the greenhouse gas 
emissions7. It is also appealing to examine because it is a greenhouse gas which could actually be 
reduced if measures are taken.   

3 Theoretical framework 

Is there a conflict between a sustainable environment and continued economic growth? This is a 
contemporary question of great importance in a time where the concept of climate change is 
making progress (both in media and in the scientific community) while people are still living in 
severe poverty around the world. There are economists suggesting a trade-off (for example 
Meadows, 1972 and 1992, and Kågesson, 1975 and 1997), but others claim that it does not have 
to be a clash between the two cherished objectives (Boserup, 1977, Radetzki, 1990, and 
Beckerman, 1995). 

3.1 History of economics and environment 

The trade-off theory between economic development and environmental constraints has its 
roots in the early 19th century. The famous economists Thomas R. Malthus and David Riccardo 
considered population growth and food production. Malthus’ theory was that increased food 
production can only be constant, while population growth increases exponentially. This will 
result in a halt in population growth due to insufficient food supply (Malthus, 1809). Riccardo 
went further and argued that food production has a diminishing marginal productivity because 
the best land is taken first (Riccardo, 1819).  

                                                 
6 See for example U.S. Environmental Protection Agency, Environment Canada, Swedish Environmental 
Protection Agency or the World Wildlife Fund 
7 See for example European Commission, World Wildlife Fund or IPCC 
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Figure 1. Diminishing marginal productivity of land 

More than a century later, the issue was brought back on the agenda by economist Ester Boserup 
(1977). Boserup claimed that a fast increasing population can encourage technological 
improvement within agriculture, and therefore make the land more productive. Empirical 
support for this assumption was the exponential increase in land productivity after the Second 
World War, due to the use of tractors, artificial fertilizers, chemical pesticides, and modified 
crops. Fossil fuel and toxic substances were the basis of this way of producing, and when the 
effects of these production means were known, they were reconsidered.  

How many people the world is able to support is still a debated question. A common view tends 
to be that a limit exists. Along with increased environmental awareness the intensity of the 
debate of growth and environment has increased. The debate changed character in the 1980s 
when Earth’s limited ability to absorb pollutants became the main focus, instead of raw material 
constraints (Kander, in Wickenberg et al., 2004). 

Riccardo also contributed to the environmental economic debate by developing Adam Smiths 
labour theory of value8. This reasoning was further developed into the neoclassical price theory; 
the intersection of marginal supply and marginal demand decides the price. The neoclassic 
economists simplified the economic analysis to include two production factors; labour and 
capital. Land was taken out of the analysis which could be unfortunate for the environment. In 
the 1920s Arthur Pigou included environmental costs in the analysis (Pigou, 1920). Pigou raised 
the concept of externalities, and argued for the use of charges to correct negative externalities9. 
Contemporary theory is trying to include the environment in economic analysis again, and 
models are being developed in attempt to include a quantified objective value without 
consumers’ subjective preferences (Kander, 2002). In extension, this type of speculation is trying 
to solve the complex task of pricing the environment.  

Economics often work on the supposition that individuals are rational and the individual 
rationality is also rational for the society. However, the increasing environmental problems could 
be taken as an indicator of the opposite (Phil, 2003). Environment is a public good and one 
example is clean air. It can be consumed by many individuals (theoretically billions of people) at 
the same time, and one person’s consumption does not restrict another person’s consumption. 
Garett Hardin observed that open access goods risk being over-used, which leads to the Tragedy 
of the Commons (Hardin, 1968). The individual rationality leads to excess use - a tragedy - of 
open access goods when collective rationality would not. A contemporary interpretation of the 

                                                 
8 A goods value and thus price is equivalent to the amount of labour the good endows. 
9 An environmental tax or charge is often referred to as a Pigouvian tax after the Cambridge professor Arthur C. 
Pigou (1920). 
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Tragedy of the Commons is the atmosphere; nobody owns it and it has been free to pollute it. 
The Coase Theorem suggests that the right to pollute and the right to avoid pollution can be 
established and solve the Tragedy of the Commons (Coase, 1960). By this, one part would get 
the right to pollute and the other part would get the right to evade pollution. By negotiation with 
each other the agents can reach the most efficient outcome. The market will solve the problem 
as long as ownership is established. In the real world, transaction costs are often too significant 
for the Coase theorem to work, especially when it considers natural resources such as air, oceans, 
or the ozone layer (Phil, 2003). The more agents involved the harder and more costly it is to 
enter negotiations, and individual incentives decreases. Hence, the global character of carbon 
dioxide makes the issue even more puzzling. 

3.2 The environmental Kuznets curve 

The environmental Kuznets curve is an inverted U-shaped relationship between pollution and 
economic growth. When a critical average income per capita is achieved, pollution decreases. 
The EKC describes a scenario where industrial development initially leads to increased 
emissions, but as income increases, the demand for health and environmental quality increases. 
As a result, net emissions eventually decline (Figure 2).  

 

Figure 2. Environmental Kuznets curve 

The EKC hypothesis is three-phased; in the initial phase, income per capita growth proceeds 
with gradually increasing environmental pollution. In the second phase, the environmental 
pollution increases at a decreasing rate with additional income until the turning point is achieved. 
In the final phase, further growth in income goes hand in hand with a reduction in 
environmental pollution. Why would emissions start to decline? Supply and demand factors are 
used to explain this (Janssen & van der Bergh, 2004): 

Supply side: technological progress is stimulated by production efficiency as a result of higher 
returns to save resources or to abate emissions. 
Demand side: individuals value environmental quality higher when income increases. 
Consequences from this are 1) they spend a higher proportion of income on more 
environmentally friendly consumption and 2) they support stricter environmental policies.  

Three related reasons explain the inversion of pollution (see for example Panayotou, 2003, or 
Bruyn & Heintz, 1999): 

Pollution 
(here CO2) 

GDP per capita 

Turning point 
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1. Changes in preferences and behaviour: After a certain level of income per capita, communities 
place greater value on a clean environment and put institutional and non-institutional 
measures into place to achieve this. 

2. Structural change: In the early stage of a country’s industrialization, the setting up of 
rudimentary, inefficient and polluting industries causes pollution to increase. When so 
industrialization reaches a certain level of advancement, service industries will gain 
importance and reduce pollution. 

3. Technical change: In the beginning of industrialization in a country, the scale effect will take 
place and increase pollution. Further down the path, firms will switch to less-polluting 
production and the level of pollution is leveled out. Finally, mature companies will invest 
in pollution abatement equipment and technology, and the technique effect kicks in and 
further reduces pollution. 

 

Figure 3. Environmental Kuznets curve phases, Panayotou (2003) 

Ikazaki & Naito (2008) also explain the inverted U-shape of the EKC to be accredited to 
technical conversion. The shape is explained by the increasing value that people are attaching to 
environmental amenities when a country achieves a certain level of income and standard of 
living. The willingness to pay for a clean environment rises with income; and it rises by a greater 
proportion than income. Larger parts of peoples’ budgets are spent on a clean environment, such 
as environmental organization donations and less environmentally harmful products. Technology 
is converted into more advanced, modern technology which causes less pollution. Grossman & 
Krueger (1994) advocate that the strongest link between income and pollution is through an 
induced policy response: alongside greater prosperity, the citizens’ demand improved non-
economic living conditions such as a clean environment.  
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Figure 4. Phase explanation 

The positive upward sloping part of the curve is in its first phase explained by undeveloped 
policies. The immature policy can be due to myopic prices, i.e. prices that do not consider long-
term costs, and market failures such as the lack of property rights and environmental externalities 
(Panayotou, 1993). The next stage of the curve, when the curve is flattening out, is attributed to 
removal of previously disturbed policies and market failures. Property rights are defined and 
policy is used to internalize externalities. In the last phase of the EKC, more extensive 
environmental policy is initiated, and the public awareness and demand for a clean environment 
increases. Alongside the economic development, the social, legal and fiscal infrastructures 
advance in society and environmental regulations are possible (Bruyn & Heintz, 1999).   

Another and less flattering explanation of the EKC is that after a particular income level, the 
country starts to import heavy-emitting goods instead of producing them within the country 
(Suri & Chapman, 1998). The emission issue is as a result transferred to lower-income countries. 
The problem is that when lower-income countries climb the income ladder, there will ultimately 
not be a country to export the emission process to. Moreover, emissions are just transferred, not 
abated. In the case of CO2, it does not matter where the emissions take place – the entire world 
will be concerned by the greenhouse effect, with special emphasis on some regions. 

When the EKC is interpreted, it is important to distinguish between relative environmental 
improvement and absolute environmental improvement (Kander, 2002). Some environmental 
indicators do demonstrate stable deterioration with growth, while some environmental problems 
are irreversible. It is of importance to consider where on the EKC a country is; many countries 
in the world are still on the upward slope of the curve. This implies that economic growth will 
actually worsen the present environment even if the EKC holds. 

3.2.1 Policy implications of the EKC 

The main implication of the EKC is the opposite of the view that growth and a vigorous 
environment are two contrary objects. Instead, the EKC suggests that growth itself can solve 
environmental problems (Janssen & van der Bergh, 2004). Instead of a trade-off between growth 
and environment, faster growth could be a way out of the emission problem (Holtz-Eakin & 
Selden, 1995). If the inverted U-shaped relationship between income and pollution holds true, it 
implies that environmental regulation is efficient and that it allows sustainable growth (Ikazaki & 
Naito, 2008).  

An additional policy implication is that environmental degradation is not caused by economic 
growth after a certain level. Rich countries can consequently continue to strive for economic 
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growth, and poor countries should attempt to improve the EKC by pressing it downwards, or 
reach the turning point faster. A common argument on how to achieve this is technology 
transfer from rich to poor countries10.  

Some claim that the world is “beyond its limits” and that we have to reduce material and energy 
flows to be able to attain a sustainable level (Meadows, Meadows & Randers, 1992). They claim 
that economic growth may solve some problems, but also create other problems. Holtz & Selden 
(1995) points out that even if the EKC applies, the top part of the curve may already have 
bypassed ecological thresholds and sustainability constraints, i.e. serious damage which cannot be 
restored may already have hit the environment before the critical income per capita level is 
achieved. If so, the policy implication is that even if economic growth in the long-run reduces 
carbon dioxide emissions, it is less costly to prevent environmental degradation today and reach 
the second and third stage of the EKC sooner (Schindler, 1996). 

3.2.2 Critique of EKC 

The most important criticism of the EKC is its questioned existence – does it exists at all? If it 
does, is an EKC only applicable to some pollutants but not to others? Is it just a coincidence 
when the EKC is demonstrated, or are there other factors behind changes in emission flows? 
The lack of consistent empirical evidence of an inverted U-shaped relationship between income 
and pollution is certainly severe critique of the EKC. If an EKC exists, it can have another shape 
than proposed. Some studies (for example Bruyn & Opschoor, 199711) propose an N-shaped 
relationship between pollution and income in the medium long-term: 

 

Figure 5. N-shaped EKC 

Bruyn & Opshoor (1997) find that the aggregate material consumption through time may show 
an N-shape. Pollution caused by the consumption of materials and energy compared to GDP 
decreases after a while, but this is not a persistent trend. Pollution starts to increase faster than 
GDP again. The N-shaped curve with emphasis on carbon dioxide implies a shift in public 

                                                 
10 Technology transfers are included in the Joint Implementation and the Clean Development Mechanism, the 
latter parts of the EU emission trading system. 
11 Bruyn & Opschoor examined the following countries; Belgium, Luxembourg, Denmark, Finland, France, 
Greece, Hungary, Italy, Japan, Netherlands, Norway, Poland, Spain, Sweden, Switzerland, Turkey, United 
Kingdom, the United States, Western Germany and former Yugoslavia. Bruyn & Opshoor point out that their 
conclusions are dependent on the choice of parameters for environmental pressure; in their study a specific 
subset of proxies containing steel, cement, energy and transport. 
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preferences towards less carbon dioxide emissions, improved energy-efficiency in production, 
and a shift from carbon dioxide emitting energy sources towards sources free from carbon 
dioxide emissions. But eventually emissions will start to increase again when innovation is hard 
to maintain, and substitution options are harder to find or to utilize. This N-shape questions the 
hypothesis of the EKC which assumes that the initial increase in CO2 emissions is temporary, 
and the following decrease is permanent. During radical changes in technology and institutions 
and by new production methods, new products, new waste treatment and recycling techniques, 
emissions are cut but these changes are hard to keep up. Environmental standards will be harder 
to keep up when marginal cost of compliance increases. If there exists a lower limit on 
reductions in material and energy use per unit of GDP produced, once these limitations are 
approached, emissions may rise again (Bruyn & Heintz, 1999). The different shapes of the EKC 
depend on which countries are examined, and how their GDP composition and energy supply 
look like. 

Kågesson (1997) is not convinced of the EKC existence and claims that economic growth 
worsens the environment. His criticism concentrates upon the lack of long-run accumulation 
effect of the pollutants, and argues that an extended time-series analysis would probably show a 
positive relationship between economic growth and emission flows. Kågesson finds that there 
has been a general stabilization of total emissions but no decrease for carbon dioxide when 
examining OECD countries for the period 1960-1995. The exception in his study is Sweden, 
which demonstrates absolute decreases. This can partly be explained by the transition from fossil 
fuel to nuclear power in electricity generation. Hence, the type of energy seems to be important; 
whether it comes from fossil fuels, like coal and oil, or from renewable resources such as hydro, 
wind, or solar power. Nuclear power is a special case; the long-term environmental risks are not 
clear, at the same time this power source is basically free from carbon dioxide emissions 
(Vattenfall, 2008).  

In any event it is too simple to claim that economic growth is all good for the environment. 
Even if growth to some extent can have a positive impact on the environment, Andreoini & 
Levinson (2001) state that due to empirical evidence and data constraints it cannot be taken for 
granted that the EKC holds in the long-run. Environmental policy is needed as well; economic 
growth cannot solely solve the environmental problems. But environmental policy can be 
something that people demand after reaching a certain level of income, and by the same token 
technology advance may require a certain income level. In that case, economic growth is crucial 
for reduced emissions. 

The EKC theory suggest that if a country has passed the critical per capita income level, a 
changing pattern between carbon dioxide emissions and income per capita should be observable. 
The theory of the EKC results in the main research hypotheses of this thesis: 

Research hypothesis (1): There is an observable inverted U-shaped curve (EKC) 
between CO2 emission flows and income per capita in Sweden, i.e. after a certain per 
capita income level, economic growth is associated with a decline in carbon dioxide 
emissions.  

Research hypothesis (2): Countries with low GDP per capita are more likely to pollute, 
i.e. have a higher marginal propensity to emit CO2 than countries with high GDP per 
capita. 

Sub-hypotheses: A number of statistical sub-hypotheses are used in order to analyze the 
significance of theoretically suitable variables and test the following empirical findings. 

This paper will consequently test if the EKC hypothesis holds for Sweden; i.e. has Sweden 
reached the critical income per capita turning point? This thesis assumes that Sweden has 



 

12 
 

achieved the turning point and should demonstrate an inverted U-shaped pattern between CO2 
emissions and income per capita over time. A cross-section regression including 75 countries and 
additional variables deepens the analysis.  

4 Empirical findings 

The models used in testing the hypotheses are introduced in this chapter. Data is collected from 
Statistics Sweden, the Human Development Index database, the OECD database, and from 
previous research. The result and analysis for the time-series regression on Sweden is presented 
in the first section, and in the following section the cross-section regression on 75 countries is 
outlined. Regression analysis of Ordinary Least Squares (OLS) is used. Income is in this chapter 
referred to as GDP. 

4.1 Sweden 

Equation 4.1 is testing the relationship between CO2 emission flows and GDP per capita in 
Sweden over 196 years in a linear regression OLS analysis. Model 1 follows below:  

Model 1  

CO2= β1+ β2  GDP + ε          (4.1) 

where β1 represents the baseline emissions and β2 represents the change in CO2 due to a change 
in GDP. 

 

Figure 6. Model 1 CO2 emissions per capita and GDP per capita (fixed prices SEK year 2000), Sweden 

Model 1 displays a curve resembling the suggested environmental Kuznets curve. There appears 
to be a critical GDP turning point where carbon dioxide emissions stop increasing and start to 
decrease. There are two extreme observations in this graphical view; the first one which 
demonstrates low GDP and low CO2 emissions refers to the year 1945 and can be explained by 
the Second World War when GDP and CO2 emissions decreased. The other one is the potential 
turning point for CO2 emissions in 1970; beyond this point CO2 emissions seem to descend. 

A problem with time series analysis is that the variables can be correlated without explaining 
each other as a result of similar trends. Both variables can move in the same direction during the 
same period of time but they do not have to explain each other; it could be a random pattern or 
due to other explanatory variables. To graphically examine the dependent variable CO2 and the 

1970 

1945 
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explanatory variable GDP they are plotted separately over time. From the plots below it can be 
observed that although the two variables display similar initial trends, this changes around 1915, 
and after 1970 they diverge. CO2 starts to diminish while GDP keeps rising.   

 

 
Figure 7. CO2 emissions (tonnes per capita) over time in Sweden     Figure 8. GDP (fixed prices SEK year 

2000) over time in Sweden 

CO2 emissions have increased substantially with GDP over time, but there seem to be a few 
drops in the curve as well as a turning point. The Industrial Revolution caused the carbon 
dioxide emissions to start rising slowly in the latter part of the 1800s, stimulated by labour 
supply, capital, energy supply, technical progress and new transportation possibilities. There are 
two distinct drops in the curve which deserves a short comment; the first drop in 1917 could 
reasonably be due to World War I and the second drop in 1940 from World War II. Hence, 
production declined and CO2 emission-creating products such as gasoline were in shorter supply 
during times of war. The N-shaped curve is not supported by the graphical analysis of the data 
and can be dismissed in the case of Sweden. If the observations are smoothed out, the EKC can 
at least partly be observed.  

GDP slowly took off at the same time as the Industrial Revolution, and kept increasing until the 
First World War in the early 1900s where a discrete downswing in the curve is visible. After this 
GDP continued to increase until the Great Depression in the early 1930s, and once more GDP 
declined somewhat at the time of the Second World War in the mid 1900. After World War II, 
GDP rose dramatically. The decline in GDP in the early 1990s may be explained by the banking 
crisis in Sweden at this time; GDP actually decreased in the beginning of the 1990s. However, 
GDP started to increase again in 1994. One should though be careful when making statements 
this late in a time series. 

The peak year for CO2 emissions is 1970, when the per capita CO2 emissions reached 10,54 
tonnes. The GDP per capita level is correspondingly 143 606 SEK. After this point, the emission 
level is slowly decreasing the following years to arrive at 10,11 tonnes per capita in 1976. Beyond 
1976, the emission level is declining and staying below 10 tonnes per capita. In 1995, which is the 
latest year available with this data set, CO2 emission per capita was 5,49 tonnes and GDP per 
capita was 197 156 SEK . More updated data suggest that CO2 emissions have not increased 
substantially; the CO2  per capita was 5,9 tonnes in 2004 according to the United Nations Human 
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Development Index, and 6 tonnes per capita according to OECD data for 2004. The 
corresponding GDP per capita is $US 32 099 for 2004 (OECD), approximately 225 000 SEK.12 
Put clearly; CO2 emissions have stayed at a stable level while GDP has increased. This suggests 
that the EKC in fact can be applied to Sweden. 

By correlation analysis it can be examined if CO2 emissions per capita and GDP per capita are 
correlated: Correlation: rXY = 0,893 → strong positive correlation between CO2 emissions and 
GDP (see figure 1 in appendix). One should bear in mind that correlation is not necessary 
causation; rXY does not state in which direction the causation runs. Is it GDP affecting CO2 or 
the other way around? Based on the theoretical reasoning and previous studies, this thesis 
assumes that GDP affects CO2 emissions. By examining the F-statistics it is clear that there is a 
linear regression relationship between CO2 emissions and GDP. By the F-value it can also be 
verified that the t-value is 27,66 by taking 27,66² and obtain 765,1. The positive correlation 
between GDP and CO2 emissions is also significant at the 0,01 level. The R Squared value is 
high; 0,798. GDP thus explains almost 80 % of the variance in CO2. 

When graphically examining figure 6, it appears to be a quadratic relationship between CO2 
emissions and GDP. When GDP increases above a certain level (143 606 SEK), CO2 emissions 
decrease. A reasonable model for this confirmatory observational study is therefore a polynomial 
model. Consequently, in equation 4.2 squared GDP per capita is added to be able to see the 
Kuznets curve: 

Model 2 

CO2= β1+ β2  GDP + β3 GDP² + ε         (4.2)  

where β1 is a constant representing the baseline emissions, β2 represents the change in CO2 due 
to change in GDP, and β3 represents the change in CO2 due to change in GDP². This model is 
also what can be expected from the theory of the EKC. 

 
 

Figure 9. Model 2, CO2 and GDP² (fixed prices year 2000) per capita 

When a curve is fitted through the observations, it does indeed resemble the EKC. It seems 
highly likely that the environmental Kuznets curve applies in Sweden over the period 1800-1995.  
 

                                                 
12 Based on an exchange rate of 7 SEK per $US 
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Figure 10. EKC in Sweden, CO2 and GDP² (fixed prices year 2000) 

To avoid an autocorrelation problem the third model applies DIFF-variables which implies 
taking the difference between the years as a variable instead of the actual carbon dioxide 
emission or GDP per capita. 

Model 3 

DIFF CO2= β1+ β2 DIFF GDPt-1 + β3 DIFF GDP² t-1 + ε       (4.3) 

where β1 is a constant representing the baseline emissions, β2 represents the change in DIFF CO2 
due to a change in DIFF GDP, and β3 represents the change in DIFF CO2 due to a change in 
DIFF GDP². 

Table 2. Comparison of models Sweden OLS estimates 

 Model 1 

(Equation 4.1) 

Regression with GDP 

Model 2 

(Equation 4.2) 

Regression with GDP² 

Model 3 

(Equation 4.3) 

Regression with DIFF 

variables 

Dependent variable: CO2  

(t-statistics) 

0,116 

(0,892) 

-1,284 0,087 

(2,383) 

Independent variable: 

GDP (PPP) E-5 

(t-statistics) 

4,752 

(27,660**) 

0 

(26,979**) 

0 

(-6,943**) 

Independent variable: 

GDP² E-10   

(t-statistics) 

- -4,020 

(-16,853**) 

0 

(-4,720**) 

Adjusted R Squared 0,797 0,917 0,226 

F-statistics 765,085** 1082,678** 29,372** 

Durbin-Watson 0,134 0,318 2,088 

N = number of 

observations 

196 196 196 

** Significant at the α = 0,01 (two-tailed) level 

1970 
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* Significant at the α = 0,05 (two-tailed) level 

 
The regression for Model 2 obtains a very high R Squared; GDP explains more than 90 % of the 
variance in CO2. Model 2 has a better fit and therefore performs better in explaining the effect of 
GDP on variance in CO2. Both GDP and GDP² are significant at the 1 % level in all models. 
The Durbin-Watson test suggests that both Model 1 and Model 2 display first-order positive 
autocorrelation. Nevertheless, the t-values of GDP and GDP² are highly significant (26,979 and -
16,853), so the potential autocorrelation is accepted in this model. The F-ratio confirms the 
rejection of GDP or GDP² having no effect on CO2.  

By consulting the explanatory variables correlation matrix for Model 2 it becomes visible that the 
correlation between GDP and GDP² is very strong; 0,969 (see figure 1 in appendix). The model 
thus seems to experience multicollinearity. However, as GDP² is the squared result of GDP, this 
is expected and the multicollinearity is accepted. 

In Model 3, the autocorrelation is corrected. The Durbin-Watson statistics is now very close to 2 
and in the span of no autocorrelation. On the other hand a smaller adjusted R Squared value and 
F-statistics are obtained. The F-statistics is though still significant. The adjusted R Squared 
suggests that only 23 % of the variation in CO2 is explained by the model, but one should not 
blindly rely on a high R Squared value. Instead, an R Squared greater than 0,9 should make one 
suspicious that something is doubtful with the model. Clearly, it is not merely GDP in this case 
that explains CO2 emissions. Model 3 is probably a more suitable model in this case, where the 
Durbin-Watson statistics is close to 2. 

Research hypothesis (1): There is an observable inverted U-shaped curve (EKC) between CO2 
emission flows and income per capita in Sweden. The EKC for CO2 applies in Sweden over the 
period 1800-1995→ cannot be rejected. The turning point is found at GDP per capita 143 606 
SEK. 

These results thus agree with the study by Kågesson (1997) which finds that Sweden 
demonstrates absolute diminishing carbon dioxide emissions. These results also concur with the 
suggestion by Holtz-Eakin & Selden (1995) of the existence of an EKC for CO2. The time-series 
results demonstrate an EKC for Sweden, and it seems to be in line with Kander’s point on the 
need to perform studies of the historical development within a single country (2004). 

4.2 Cross-section analysis of 75 countries 

Which other variables have an impact on carbon dioxide emissions? When expanding the 
examination to cover 75 countries, the relation between CO2 emissions and GDP appears to be 
different:  

Model 4 

CO2 = β0+ β1 GDP + ε        (4.4) 
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Figure 11. Model 4, CO2 emissions and GDP 2004/2005 (current prices) for 75 countries 

Graphically, a Kuznets curve is not observable. The curve estimation is sloping upwards, and 
this curve reflects that higher GDP is positively related to higher emission levels. If the EKC 
theory is correct an opposite curve would be observable, where low GDP is associated with high 
CO2 emissions, and high GDP are connected to low CO2 emissions. Model 4 could also indicate 
that the critical GDP per capita turning point varies between countries and has not yet been 
achieved in other countries than Sweden, and the curve is therefore sloping upwards. An 
additional explanation may be that other factors not considered in this examination influence the 
emission level.  

Why does the result differ from the results for Sweden? Different countries could have different 
turning points depending on type of industries and composition of GDP. If the countries are 
grouped according to GDP, such as high, medium and low GDP, a different pattern would 
probably be seen. Canada, USA, Norway and Kazakhstan are natural resource economies which 
can explain their positions above. Estonia is depending on oil and natural gas, and is one of the 
most carbon intensive countries within EU. Sweden, Switzerland and Hong Kong are placed in a 
high GDP – low CO2 position (countries with high GDP – low CO2 positions are especially 
interesting to examine in a future time-series analysis to see whether results similar to Sweden are 
obtained). The proposed N-shaped EKC could be connected to where in the development stage 
a country is, and a grouping according to developed/developing countries could obtain different 
shapes of the EKC. 

It is motivated to examine why Sweden displays an EKC when it cannot be generalized on a 
sample including more countries. How come vast differences in carbon emissions per capita 
between countries are observed? United Kingdom and Canada had approximately the same level 
of GDP per capita in 2005. United Kingdom emitted 9,8 tonnes of CO2 per capita in 2004, while 
Canada emitted twice as much; 20 tonnes per capita the same year (Human Development Index, 
2008). Logically, it is not only GDP which affects carbon dioxide emissions. Many other factors 
can possibly affect emission levels, and some of them are analyzed in this thesis. 

When testing the relationship between CO2 emissions and GDP in 75 countries, an exploratory 
observational study is performed in order to form a reasonable model. Clearly, not only GDP 
influences CO2 emissions, so several other factors are tested and evaluated in order to formulate 
a realistic model. Theoretically, one can argue for including the following variables in the analysis 
in addition to CO2 = Carbon dioxide emissions per capita, and GDP = Gross domestic product 
per capita (Purchasing power parity adjusted, $US): 
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Table 3. Possibly influential factors 

Variable Description Abbreviation 

Inequality How is GDP distributed? If GDP per capita affects emission levels, an equal 
distribution of GDP would benefit the EKC. A higher Gini index number 
indicates a less economically equal society, and it would consequently form a 
positive13 relationship between CO2 emissions and inequality. 

GINI 

Carbon 
intensity of 
energy supply  

Which energy sources are used? The carbon intensity of energy reflects the 
energy source used and should form a positive relationship between CO2 

emissions and carbon intensity of energy. 

INT 

Research & 
Development 

How much resources are put into research and development? This affects future 
potential to substitute fossil fuels. If R&D efforts are used to develop substitutes 
to carbon dioxide producing goods, it would form a negative relationship 
between CO2 emissions and R&D expenditure.  

R&D 

Share of 
renewables in 
energy supply 

How does the energy composition look like in respective country? What 
possibilities to energy consumption are there? If a large part of the energy supply 
is coming from renewable energy sources, the CO2 emissions would probably be 
smaller and form a negative relationship between CO2 emissions and share of 
renewable energy sources. 

REN 

 
Unfortunately, when dealing with economics not all desired data is available. In this case the 
following variables could be argued to have a theoretical impact on carbon dioxide emissions but 
they could not be obtained for this sample, or the variables can be argued to differ between 
countries in a way that would make them hard to compare (for example, the transport system 
will differ due to the size of the country and the extent of public transportation): 

Interventionist tradition/environmental taxation: Does the government interfere 
relatively much? Are policy instruments used to influence people’s behaviour and maneuver 
them towards a specific path? If so, one could suspect that the government also interferes 
through environmental taxation, for example CO2 taxes. A tax on carbon dioxide emissions 
would affect prices on CO2 emitting products such as petrol. Such a tax would theoretically 
decrease CO2 emissions and form a negative relationship between CO2 emissions and CO2 
taxation.  

Environmental engagement: If the inhabitants of a country are engaged in environmental 
organizations such as the World Wildlife Fund or Greenpeace, they are likely to make efforts to 
reduce their CO2 emissions. It would form a negative relationship between CO2 emissions and 
number of members in environmental organizations.  

Transport system: How do people transport in respective country? If car transportation 
is widespread, carbon dioxide emissions will naturally be higher than if most people do not have 
cars. Hence, a positive relationship between CO2 emissions and car transportation/motor-vehicle 
density would be expected.  

Welfare state (paternalism): How big is the public sector compared to national GDP? 
Theoretically, one would assume that an expanded public sector has a negative impact on CO2 
emissions. For this variable, data is available for the OECD countries (30 countries – Turkey = 
29). The relation between size of the public sector and CO2 emissions can be tested on this 

                                                 
13 When discussing these potentially influential variables one should keep in mind that ‘positive’ and ‘negative’ 
might have the reverse meaning than the common view; a negative relationship between CO2 emissions and the 
explanatory variable indicates less CO2 emissions when the explanatory variable increases. For example, a large 
share of renewable resources in energy supply implies less CO2 emissions. 
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sample of 29 countries. When tested, the size of the public sector turns out to be a poor 
explanatory variable for the CO2 emission level (see figure 3 in appendix). 

Model 5 is testing the relationship between emission flows and GDP per capita for 75 countries 
worldwide using available variables:  

Model 5 

CO2 = β0 + β1 GDP +  β2 GINI + β3 INT + β4 R&D + β5 REN +ε    (4.5) 

The graphical correlation matrix indicates that there is a positive linear relationship between CO2 
emissions and GDP. Inequality seems to affect CO2 emissions negatively, while carbon intensity 
of energy has a positive impact on CO2 emissions. The effect of R&D and renewables on CO2 

emissions appears to be more ambiguous. 

To further analyze the correlation, the Pearson correlation is considered (see figure 2 in the 
appendix): GDP is indeed strongly positively correlated with CO2 emissions at 0,772. Inequality is 
negatively correlated with CO2 emissions at -0,445, on the contrary of what is theoretically 
expected, while carbon intensity is positively correlated with CO2 emissions at 0,441. The 
correlation of these three variables is significant at the 0,01 level. R&D and renewables tend to 
be less substantial, with weak positive correlation between R&D and CO2 emissions and weak 
negative correlation between renewables and CO2 emissions. In order to check for 
multicollinearity the standard rule of thumb of multicollinearity14 is deployed; there does not 
seem to be a multicollinearity problem in this model. 

After testing the variables, only GDP and INT are significant at the α = 0,01 (two-tailed) level. It 
cannot be rejected at the 0,01 level that the remaining variables, i.e. GINI, R&D, and REN are 
zero when using statistical hypothesis testing; 

Sub-hypotheses:   GINI (β2) = 0 → not rejected, R&D (β4) = 0 → not rejected, REN (β5) = 
0 → not rejected. 

When GDP² is added to the regression, the model becomes: 

Model 6 

CO2 = β0 + β1 GDP + β2 GINI + β3 INT + β4 R&D + β5 REN + β6 GDP² + ε  (4.6) 

Only carbon intensity of energy (INT) is significant at the 1 % and 5 % level. The Pearson 
correlation indicates that GDP² is strongly positively correlated with CO2 and that the correlation 
is significant at the 0,01 two-tailed level (see figure 2 in the appendix). As the correlation between 
GDP and GDP² is very strong (0,973), there appears to be a case of multicollinearity. As GDP² 
is the squared result of GDP, this is however expected and the multicollinearity is accepted. 

Since Model 5 indicated that GDP and INT are significant, they are included in the following 
model, Model 7.  

Model 7 

CO2 = β0 + β1 GDP + β2 INT +ε       (4.7)  

This model, including only two explanatory variables (GDP and INT) turns out to be a better 
model with higher adjusted R² value (explaining most, or 72 % of the variance in carbon dioxide 

                                                 
14 Correlation above 0,8 imply a likely multicollinearity problem. See for example Greenlaw, ”Doing 
Economics” 
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emissions per capita). GDP is strongly positively correlated with CO2, while INT displays 
reasonably strong positive correlation to CO2 emissions. GDP and INT are significant at the 0,01 
level. 

In Model 8, GDP² is added to the regression to be able to see the EKC: 

Model 8 

CO2 = β0 + β1 GDP + β2 INT + β3 GDP² + ε     (4.8)  

GDP and GDP² are strongly inter-correlated as expected (0,973). GDP² is also strongly 
positively correlated with CO2 emissions at 0,744. The correlation of GDP, INT and GDP² is 
significant at the 0,01 level. Neither GDP nor GDP² are significant in explaining CO2 emissions, 
only INT is significant at the 1 % and 5 % level. 

Table 4. Comparison of models 75 countries 

 Model 5 

(Equation 4.5) 

5 explanatory 

variables 

Model 6 

(Equation 4.6) 

5 explanatory variables 

and  GDP² 

Model 7 

(Equation 4.7) 

2 explanatory 

variables 

Model 8 

(Equation 4.8) 

2 explanatory variables and 

GDP² 

Dependent variable: 

CO2  

(t-statistics) 

-2,409 

(-1,227) 

-1,805 

(-0,881) 

-4,055 

(-4,132) 

-3,698 

(-3,529) 

Independent variable: 

GDP (PPP)  

(t-statistics)  

0 

(9,515**) 

0 

(1,423) 

0 

(11,919**) 

0 

(1,738) 

Independent variable: 

Inequality  

(t-statistics) 

-0,037 

(-1,023) 

-0,039 

(-1,065) 

- - 

Independent variable: 

Carbon intensity  

(t-statistics) 

2,376 

(5,704**) 

2,459 

(5,796**) 

2,385 

(5,953**) 

2,481 

(6,010**) 

Independent variable: 

R&D  

(t-statistics) 

-0,034 

(0,163) 

-0,013 

(-0,060) 

- - 

Independent variable: 

Renewables  

(t-statistics) 

-0,001 

(0,038) 

-0,006 

(-0,163) 

- - 

Independent variable: 

GDP² (PPP) E-9 

(t-statistics) 

- 2,931 

(1,022) 

- 2,643 

(0,917) 

Adjusted R Squared 0,714 0,714 0,721 0,721 

Durbin-Watson 1,499 1,552 1,565 1,603 

F-statistics 37,922** 31,796** 96,854** 64,832** 
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** Significant at the α = 0,01 (two-tailed) level 

* Significant at the α = 0,05 (two-tailed) level 

 
The table above indicates that R&D and the share of renewables in energy supply have a slightly 
negative effect on CO2 emissions, in line with the theoretical reasoning. Inequality seems to be 
negatively correlated with CO2 emissions, on the contrary of what is theoretically assumed. 
Increased inequality decreases carbon dioxide emissions. This may be explained by the 
propensity for inequality to be high in countries with lower levels of GDP, and thus less CO2 

emissions. Carbon intensity of energy supply has a positive effect on CO2 emissions, as is 
theoretically expected. The adjusted R Squared values are substantial in all three models, with 
Model 7 and 8 as the best fits. The Durbin-Watson statistics indicates that there is 
autocorrelation in Model 5, and in Model 6 the test is inconclusive. In Model 7 and Model 8 
autocorrelation can be rejected at the α = 0,01 level. The F-statistics signify that there exists a 
linear relationship between CO2 emissions and any of the explanatory variables, and as shown 
these variables are GDP (in model 5 and 7) and INT (in all models).  

After examining the correlation matrix, there appears to be a multicollinearity problem since 
GDP and GDP² are positively correlated with GINI at the 0,01 level. It is accordingly Model 5 
and 6 which are affected. The other two models do not include the insignificant variable GINI 
(which also assures that no specification error is conducted), and consequently the 
multicollinearity can be disregarded in this case. 

GDP² is not significant in any of the models (Model 6 and Model 8), which indicates that it is 
not possible to obtain the same results as in the case of Sweden. The EKC does not hold in this 
cross-section analysis of a world sample. As the previous regressions indicate, Kågesson’s (1997) 
rejection of a general EKC seems to agree with the results of this thesis. Other factors than 
merely GDP should be affecting CO2 emissions, since countries with higher GDP per capita 
than Sweden display higher emissions. It could be the case that the critical GDP per capita 
turning point varies between countries, and has not yet been achieved in other countries than 
Sweden. An additional explanation may be that other factors not considered in this thesis 
influence the emission level.  

Carbon intensity of energy (INT) is the only significant variable in all four regression models. 
This emphasizes the importance of disentangling energy consumption and carbon dioxide 
emissions; depending on utilized energy source, the carbon dioxide emissions will differ. 
Relatively richer countries have a tendency to consume more energy than relatively poorer 
countries, but when it comes to emissions it appears to be a matter of what type of energy that is 
consumed, not merely the quantity of energy. Structural aspects constitute the difference 
between high or low CO2 emissions – what type of industries and production a country 
comprise. Carbon-emission abundant energy sources will naturally lead to increased CO2 
emissions. Holtz-Eakin & Selden’s study finds a diminishing marginal propensity to emit carbon 
dioxide when estimating global panel data. This result is in line with this thesis’ time series 
analysis of Sweden, but not for the cross-section result. In the case of both Sweden and the 75 
countries sample, the proposed N-shaped EKC is not evident. 

Research hypothesis (2): Countries with low GDP per capita are more likely to emit CO2 → 
rejected. The carbon intensity of energy is a better explanation, and hence the utilized source of 
energy matters. It is consequently not economic growth or income per capita which decreases 
CO2 emissions; it is the “right” energy sources, energy efficiency, structural changes and 
improved technology. If these results are correct, it implies that there is indeed a case for 

N = number of 

observations 

75 75 75 75 
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technology transfers from rich to poor countries, and heavy taxation on fossil fuel combustion 
can be justified in this context.  

Sweden has an energy consumption mix where oil, nuclear power and biomass fuels are 
dominating. Other sources are hydropower, natural gas, and coal/coke. The oil dependency has 
decreased during the past 40 years, while nuclear power and biomass fuels have grown in 
importance. The Swedish electricity production is mainly based on hydropower and nuclear 
power, and a small part consisting of combined power and heating, long-distance heating, and 
wind power. Sweden has experienced a shift in production techniques, energy supply, and has 
improved energy-efficiency during the past 100 years. Even if energy consumption has increased, 
so has the energy efficiency which outweighs the effect of increased energy consumption in 
Sweden. As a result, an inverted U-shaped curve can be observed when examining Sweden in the 
context of CO2 emissions and GDP over the past 200 years. Sustainability becomes an issue of 
structural aspects and “right” energy sources. 

Is not improved technology, increased energy efficiency and improved environmental 
engagement and regulations an effect of economic growth? Most likely, it is. Diminishing CO2 
emissions are probably a combination of income and what follows from that, namely better 
technology and a public and political willingness for environmental measures. It is a matter of 
development along the income-curve – development of social, legal, and fiscal infrastructures 
alongside economic growth. Even if GDP is not significant in this cross-section analysis, it can 
be argued that GDP indirectly affects the level of emissions through public demand and 
environmental engagement, and through improved techniques and products. Without economic 
development, it is hard to advance technology and the public demand pressure for improved 
environmental management may be absent.  

5 Conclusions 

The research question of this paper is how the income per capita affects CO2 emissions. It has 
been demonstrated that income itself is no warrant for a specific level of carbon dioxide 
emissions. Other factors are influential as well; it is a matter of development along the income-
curve – a development of social, legal and fiscal infrastructures alongside economic growth. The 
research hypothesis of an observable EKC between CO2 emission flows and income per capita is 
supported in the case of Sweden. The critical income per capita turning point is found at 143 606 
SEK. The relationship does not seem to be general when considering a sample of 75 countries; a 
higher income per capita does not imply a lower level of CO2 emissions and the second research 
hypothesis is thus rejected. 

The case of Sweden demonstrates that it is possible to combine increasing income per capita and 
decreasing CO2 emissions, but the cross-section regression on 75 countries does not support 
this. It is plausible to believe that it is not only a critical GDP per capita level which decreases 
CO2 emissions – it is structural aspects, utilized energy sources, energy efficiency and technology 
advancement. The claim that economic growth may solve some problems but also create other 
problems is simply not the right way to put it. Economic growth is achieved through different 
means and different technology in production; it is not economic growth itself which creates 
environmental problems – it is how growth is achieved. The distinction between energy 
consumption and carbon dioxide emissions is thus imperative. How the energy is provided is 
crucial, and the key to the EKC in Sweden is probably not income, but energy efficiency, use of 
renewable energy sources and a shift in energy technology.  

It is motivated to further investigate the factors behind the decreasing carbon dioxide emissions 
in Sweden. It can be argued that GDP per capita indirectly affects CO2. This indirect impact of 
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income would thus be interesting to examine further. Additionally, a time series study of 
countries with similar levels of GDP and carbon dioxide emissions as Sweden could be 
interesting to carry out. Is Sweden a special case or can an EKC between income per capita and 
CO2 emissions be applied in other countries as well? It could also be worthwhile to group 
countries according to GDP, and test the proposed shapes of the EKC. 
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Appendix 

Figure 1 

Model 1-3, Pearson Correlation carbon dioxide emission, income, and squared income 

Pearson 
Correlation 

CO2 GDP GDP² 

Carbon dioxide 
emissions (CO2) 

1,000 0,893** 0,781** 

Income (GDP) 0,893** 1,000 0,969** 

Squared income 
(GDP²) 

0,781** 0,969** 1,000 

**Significant at the 0,01 level 
*Significant at the 0,05 level 

Figure 2 

Model 4-8 Pearson Correlation  

Pearson 
Correlation 

CO2 GDP Inequality Carbon 
intensity 

R&D Renewable
s 

GDP² 

Carbon dioxide 
emissions (CO2) 

1,000 0,772** -0,445** 0,441** 0,176 -0,122 0,744** 

Income (GDP) 0,772** 1,000 -0,489** 0,100 0,237* -0,052 0,973** 

Inequality 
(GINI) 

-0,445** -0,489** 1,000 -0,082 -0,112 0,118 -0,462** 

Carbon intensity 
(INT) 

0,441** 0,100 -0,082 1,000 -0,020 -0,213 0,043 

Research & 
Development 
(R&D) 

0,176 0,237* -0,112 -0,020 1,000 -0,129 0,274* 

Renewables 
(REN) 

-0,122 -0,052 0,118 -0,213 -0,129 1,000 -0,002 

Squared income 
(GDP²) 

0,744** 0,973** -0,462** 0,043 0,274* -0,002 1,000 

**Significant at the 0,01 level 
*Significant at the 0,05 level 

 

Figure 3 

OECD model, regression results: 

 OECD model  

Public sector as explanatory variable 

Dependent variable: CO2 (β0) 12,064 
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(t-statistics) (3,388) 

Independent variable: Public sector (β1) 

(t-statistics) 

-,085 

(-0,519) 

R Squared 0,010 

F-statistics 0,269 

N = number of observations 29 

 

When examining the regression, the F-statistics clearly indicates that there is not a linear 
regression relationship between CO2 emissions and the size of the public sector. The sub-
hypothesis H0: β1 = 0 cannot be rejected. Moreover, the t-statistics also points out that the size 
of the public sector does not explain CO2 emissions (it cannot be rejected that β1 = 0 at the 0,05 
level), and the R Squared shows that the unexplained components explain 99 % of the variance 
in CO2 emissions. 

Correlation CO2 emissions and size of public sector: 

 

What appears from the graphical examination is basically random noise. 

By deploying a contingency table, the relationship between the two variables can in a neat way be 
recorded and analyzed: 

 Large public sector Small public sector TOTAL 

CO2  high 7 8 15 

CO2  low 8 6 14 

TOTAL  15 14 29 
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“Large” public sector and “high” CO2 emissions are here referred to as above the average values. 
A slight majority of the countries have a “large” public sector and are in this sense a welfare 
state. A small majority of included countries do also have “high” CO2 emissions per capita. It can 
be interpreted as welfare states having a positive effect on carbon dioxide emissions – on the 
contrary to the theoretical reasoning. However, one should not make any rigid conclusions from 
this as the differences are very low. 

This is a poor model for explaining the variance of carbon dioxide emissions per capita. The size 
of the public sector is consequently not a good explanation for the CO2 emission level, at least 
not when tested on the 29 OECD countries sample. 
 

 

 


