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Abstract  

In the thesis, we examine the necessity and impacts of measures adopted under the 

greenhouse gas emissions target in the Europe 2020 growth strategy in the EU-15 states. 

For testing the necessity of the measures, we use the Environmental Kuznets Curve (EKC) 

hypothesis for carbon dioxide (CO2) emissions as the theoretical framework, the 

Autoregressive distributed lag model as the econometrical technique and annual data from 

1970 to 2010 (1991 to 2010 in the case of Germany). The existence of the EKC is detected 

in Belgium, Denmark, France, Germany, Netherlands, Spain, Sweden, and the United 

Kingdom. However, only in Denmark the EKC hypothesis is supported significantly (on ten 

percent level of significance). Following the main implication of the EKC hypothesis, only 

in Denmark is the economic development sufficient enough to safeguard environmental 

quality; therefore, no additional measures are needed. In the remaining states, we tested 

Granger causality using the Toda-Yamamoto procedure to inquire about the impacts of the 

measures on gross domestic product (GDP). Our results indicate that only in Austria, 

Germany (with caution due to a limited number of observations) and Ireland, the measures 

may impede economic development. In the remaining states, no causality or only a 

causality running from GDP to CO2 emissions was found. For the sake of completeness, the 

EKC hypothesis was also tested in two panels of the EU-15 states, and the results support 

its existence in both panels on one percent level of significance.  
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Abstrakt 

Tato práce se zabývá nezbytností a dopady opatření přijímaných ve starých členských 

státech Evropské unie (EU-15) v rámci cíle snížení skleníkových plynů podle strategie 

Evropa 2020.  Použitím environmentální Kuzněvovy křivky (EKC) pro emise oxidu 

uhličitého (CO2) jako teoretického rámce, zpožděného autoregresivního distribuované-

ho modelu jako ekonometrické techniky a dat z let 1970 až 2010 (1991 až 2010 pro 

Německo) testujeme nezbytnost těchto opatření. EKC je nalezena v Belgii, Dánsku, 

Francii, Německu, Nizozemsku, Španělsku, Švédsku a ve Velké Británii. Avšak, pouze 

v Dánsku je detekována signifikantně (na deseti procentní hladině významnosti). 

Použitím základní implikace z EKC zjišťujeme, že pouze v Dánsku je hospodářsky 

rozvoj dostatečný k udržení kvality životního prostředí, tedy další opatření nejsou 

potřeba. Ve zbývajících státech použitím Toda-Yamamotovy metody testujeme 

Grangerovu kauzalitu, abychom prozkoumali dopady opatření na hrubý domácí produkt 

(HDP). Naše výsledky naznačují, že pouze v Rakousku, Německu (s opatrností kvůli 

omezenému počtu pozorování) a Irsku, tato opatření můžou ohrozit hospodářský rozvoj, 

v ostatních státech byla nalezena žádná anebo pouze jednosměrná kauzalita (od HDP 

k CO2). Pro zachování kompletnosti naší práce, EKC byla testovaná také ve dvou 

panelech států z EU-15 a byla nalezena v obou na jednoprocentní hladině významnosti. 

 

 

Klasifikace O130, O440 

Klíčová slova environmentální Kuzněvova křivka, Evropská 

Unie, EU-15, emise oxidu uhličitého, životní 

prostředí, ekonomický rozvoj 

  

E-mail autora pavel.korba@gmail.com 

E-mail vedoucího práce martin@dozsa.cz 

  

Počet stran 80 

Počet znaků 115 052 v hlavním textu s mezerami 

  

Poznámky Diplomová práce je vhodná pro tisk na 

černobílých tiskárnách.  

 

 

  

http://ideas.repec.org/j/F12.html
http://ideas.repec.org/j/F12.html
http://ideas.repec.org/j/F12.html


      

 

 

Contents 

List of Tables ................................................................................................................ viii 

List of Figures .................................................................................................................. ix 

Acronyms .......................................................................................................................... x 

Master's Thesis Proposal ................................................................................................. xii 

I. Introduction ............................................................................................................... 1 

II. Europe 2020 and Greenhouse Gases ......................................................................... 3 

 European Union’s Global Warming ...................................................................... 3 II.1.

II.1.1. Greenhouse Gases .......................................................................................... 3 

II.1.2. Greenhouse Effect .......................................................................................... 4 

II.1.3. Losses Attributable to Global Warming ......................................................... 4 

 Europe 2020 Greenhouse Gas Emissions’ target .................................................. 7 II.2.

II.2.1. Europe 2020 Climate Change and Energy Sustainability Goal ........................ 7 

II.2.2. Sector Measures to Fulfill GHG2020T .......................................................... 8 

II.2.3. The EU-15 States’ Measures ........................................................................ 11 

III. The Environmental Kuznets Curve ......................................................................... 13 

 The Environmental Kuznets Curve in Theory ................................................... 13 III.1.

III.1.1. The Environmental Kuznets Curve Hypothesis .......................................... 13 

III.1.2. The EKC’s Scenarios, the EU-15 and the Critique ..................................... 16 

 The Environmental Kuznets Curve Research .................................................... 19 III.2.

III.2.1. The Environmental Kuznets Curve Model ................................................. 19 

III.2.2. The Early Studies and Their Critiques ........................................................ 21 

III.2.3. The Later Studies and Their Critiques ........................................................ 22 

IV. The European Environmental Kuznets Curve ............................................................ 25 

 The Introduction into Estimation ....................................................................... 25 IV.1.

IV.1.1. Data Availability and Hypotheses .............................................................. 25 

IV.1.2. Model Background ..................................................................................... 26 

 Primary Analysis and Data ................................................................................ 27 IV.2.

IV.2.1. The Income Elasticity Equation .................................................................. 27 

IV.2.2. Data Description ......................................................................................... 27 

IV.2.3. Unit Root Tests ........................................................................................... 29 

IV.2.4. Cointegration Tests ..................................................................................... 32 

IV.2.5. Granger Causality ....................................................................................... 36 



      

 

 

 Model Estimation ............................................................................................... 37 IV.3.

IV.3.1. Autoregressive Distributed Lag Model ....................................................... 37 

IV.3.2. Results ......................................................................................................... 39 

 Interpretation ...................................................................................................... 40 IV.4.

IV.4.1. The Environmental Kuznets Curve Hypothesis for CO2 ............................ 40 

IV.4.2. Comparison with Other Studies .................................................................. 41 

IV.4.3. The Objectives ............................................................................................ 42 

V. Conclusion .............................................................................................................. 44 

Bibliography.................................................................................................................... 47 

Appendix ......................................................................................................................... 53 

  



      

viii 

 

List of Tables  

Table II-1: Sources of Greenhouse Gases ......................................................................... 3 

Table II-2: Greenhouse Gases Global Warming Potential Index ..................................... 4 

Table II-3: Estimated Costs of Global Warming in the EU .............................................. 7 

Table II-4: Greenhouse Gas Emissions Shares in the EU by Sectors ............................... 7 

Table II-5: The EU's Greenhouse Gas Emission Reduction Plan ..................................... 8 

Table II-6: The EU-15 GHG and GDP Summary ........................................................... 11 

Table III-1: Model Variations ......................................................................................... 21 

Table IV-1: Data Summary of Individual Countries, Untransformed ............................ 27 

Table IV-2: Data Summary of Panel A, Untransformed ................................................ 29 

Table IV-3: Chosen Unit Root Tests for Individual Countries ....................................... 29 

Table IV-4: First Difference Unit Root Tests for Individual Countries ......................... 31 

Table IV-5: Chosen Panel Unit Root Tests ..................................................................... 33 

Table IV-6: ARDLBC Results ........................................................................................ 34 

Table IV-7: Panel Cointegration Tests ............................................................................ 35 

Table IV-8: ARDL Results ............................................................................................. 39 

Table IV-9: ARDL and Jaunky’s Long-run Elasticities ................................................. 42 

 

  



      

ix 

 

List of Figures  

Figure II-1: The Evolution of Greenhouse Gases ............................................................. 5 

Figure II-2: Projected Damage Costs of Global Warming in the EU ............................... 6 

Figure III-1: An Inverted-U Shaped Environmental Kuznets Curve .............................. 13 

Figure III-2: Scale, Composition and Technology Effects ............................................. 15 

Figure III-3: Grossman and Krueger's EKC ................................................................... 15 

Figure III-4: Shapes of the EKCs .................................................................................... 19 

 

  



      

x 

 

Acronyms  

ADF Augmented Dickey-Fuller test 

ARCH Autoregressive Conditional Heteroskedasticity 

ARDL Autoregressive Distributed Lag model 

ARDLBC Autoregressive Distributed Lag Bounds Cointegration test 

BR Breitung test 

BRIC Brazil, Russia, India and China 

CO2 Carbon dioxide 

COPMT CO2 in Metric Tons per capita 

EC European Commission 

EEA European Environmental Agency 

EKC Environmental Kuznets Curve 

ETS Emission Trading System  

EU European Union 

EU-15 15 member states of the European Union as of December 31, 2003 

EU-NEW 13 member states of the EU that joined after December 31, 2003 

FD First Difference 

FE Fixed Effects 

GDP Gross Domestic Product 

GDPUS GDP in constant 2005 US dollars 

GHG Greenhouse Gas 

GHG2020T Greenhouse Gas emissions reduction Target in Europe 2020 strategy 

GWPI Global Warming Potential Index 

HFCs Hydrofluorocarbons 

IPCC Intergovernmental Panel on Climate Change  



      

xi 

 

IPoCC Bibliographical abbreviation for IPCC 

IPS Im, Pesaran and Shin test 

KPSS Kwiatkowski–Phillips–Schmidt–Shin test  

LLC Levin, Lin and Chu test  

OLS Ordinary Least Squares 

PER Perron test  

PFCs Perfluorocarbons 

PHH Pollution Heaven Hypothesis 

PN Pesaran test 

PP Phillips-Perron test 

RE Random Effects  

RES Renewable Sources 

SHX Sulphur Hexafluoride 

VAR Vector Autoregressive model 

VECM Vector Error Correction Model 

   



      

xii 

 

Master's Thesis Proposal 

Author:  Bc. Pavel Korba 

Supervisor: PhDr. Martin Dózsa 

Defense Planned: January 2015 

 

Proposed Topic: 

The Environmental Kuznets Curve Framework: Europe 2020 Greenhouse Gases Target 

in the EU-15 States 

Motivation: 

Today, efforts to decrease greenhouse gas emissions while increasing economic 

output are of key interest in many developed countries. The need for decreasing 

emissions can be seen in countries like China, where pollution periodically exceeds 

maximum allowed levels. There are negative impacts on the quality of living, human 

health, and even agriculture where the lack of sunshine due to increased emissions 

reduces production in some regions. Developed countries aim to address those 

negative impacts and improve the situation by setting certain environmental and 

energy targets and motivating people and firms to fulfill them. The leader in this 

effort is the European Union (EU). 

The EU leaves the majority of decisions involving the energy sector to its member 

states, but there are policies that should be implemented by all member countries. In 

the Europe 2020 strategy, one of the five goals is dedicated to the energy sector and 

climate. Within that goal is the target of decreasing greenhouse gas emissions by 20% 

(or even 30%, if the conditions are right) in comparison with the levels of 1990 

(further referred as GHG2020T). In this thesis, CO2 emissions will be used as the 

representative of greenhouse gas emissions.  

There are discussions about whether the target is too strict, whether it is necessary, 

and whether Gross Domestic Product (GDP) growth in the EU-15’s states will be 

negatively influenced. Implementing technologies to reach the target has its costs, but 

it may positively influence technological research, employment, and GDP growth. In 

the thesis, the relationship between the CO2 emissions and GDP growth in the EU-15 

states will be examined using the Environmental Kuznets Curve (EKC) framework 

and Granger causality analysis. 

 

The EKC was first suggested by Grossman and Krueger in 1991. The EKC 

hypothesis postulates that with economic development, environmental degradation 

first raises and then decreases (i.e., the inverted U-shaped EKC). If the EKC is 

detected in a member state, the economic growth is sufficient enough to safeguard 

environmental quality (Jaunky 2011); therefore, no additional measures under 

GHG2020T are necessary to limit environmental degradation. In the states where 

additional measures are needed, the direction of Granger causality reveals the impacts 
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of the measures on the GDP growth. If there is Granger causality running from CO2 

emissions to GDP, the measures may impede GDP growth.  

To accomplish the GHG2020T, many measures must be implemented in the EU-15 

states. The EKC and Granger causality analyses may reveal the impacts of such measures 

and may contribute to the discussion about the necessity and the impacts of the 

GHG2020T. 

Hypotheses: 

To confirm or reject the main objective of the thesis—In the EU-15 states, GHG2020T 

and its measures are necessary to limit the environmental degradation caused by 

excessive GHG emissions—the following hypotheses are set up: 

1. Hypothesis #1: The EKC hypothesis for CO2 emissions is not valid for the panel 

of the EU-15 countries.  

2. Hypothesis #2: The EKC hypothesis for CO2 emissions is valid for at least three 

of the EU-15 countries. 

3. Hypothesis #3: The EKC hypothesis for CO2 emissions is not valid for at least three 

of the EU-15 countries. 

Methodology: 

The EKC hypothesis has been widely examined using a variety of methods. In this thesis, 

the method proposed by Narayan and Narayan (2010) will be used. Their examination of 

the EKC is based on the comparison of short- and long-run income elasticities. If the 

short-run elasticity is positive and the long-run negative, the existence of the inverted 

U-shaped EKC is confirmed. Narayan and Narayan (2010) used vector error correction 

model (VECM) techniques to estimate the short- and long-run elasticities. The data in 

their study were integrated of order one and cointegrated using so-called first generation 

unit and cointegration tests. As Westerlund (2008) emphasizes, using the unit root and 

cointegration tests of the first generation may mislead researchers to use inappropriate 

econometric techniques with deceptive results. Therefore, in this thesis, both first and 

second generation unit and cointegration tests will be used to determine the order of 

integration and cointegration of the data. After determining the properties, a suitable 

model will be used. 

 

If the data series are not integrated of order one, I(I), and cointegrated, VECM will be 

used as in Narayan and Narayan (2010). In an I(I) case with no cointegration, a vector 

error autoregression model will be used. In the other cases, an autoregressive distributed 

lag model may be used. The existence and the direction of Granger causality will be 

tested using the Toda and Yamamoto (1995) Granger causality test. The advantage of 

this test is the fact that it does not need the data series to be integrated of the same order 

and/or cointegrated. This advantage may be very useful in cases where there is a limited 

data set and determination of the correct order of integration and cointegration is 

difficult. 

 

Eurostat, the Environmental Protection Agency, and World Bank will be the main 

sources of data statistics. The measures in member states and the Europe 2020 GHG 

target analysis will primarily be performed using official data from the European 

Commission and Environmental Protection Agency. 

Outline: 

There will be five chapters including Introduction (Chapter I) and Conclusion 

(Chapter V). The first part of Chapter II will focus on the problem of GHG emissions in 

Europe, its costs and expected impacts on the GDP. The second part will go through 

Europe 2020 measures in the EU-15 states and their theoretical impacts on the GDP. The 

first part of Chapter III will explain the concept of the EKC, its basic rationale and 
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critique, and its validity in the case of the EU-15 states. The second part of Chapter III 

will go through studies of the EKC for CO2 in the world and mainly in the EU-15 

countries. The empiric part of the thesis will be in Chapter IV. First, basic properties of 

data will be examined. Based on the data features, suitable models will be introduced. 
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with policy implications will be presented. Appendices and list of sources will be at the 

end of the thesis. 
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I. Introduction 

In the year 2010, the European Union (EU) launched a new advancement strategy for 

the 2011 to 2020 period—Europe 2020. Europe 2020 consists of five goals that are 

intended to create conditions for smart, sustainable and inclusive growth in the EU. One 

of the five goals—the Climate Change and Energy Sustainability goal—is dedicated to 

climate and energy and it should ensure that the EU will be a highly energy-efficient, 

low carbon economy with limited environmental degradation by the year 2020. Three 

targets under the goal aim to combat climate change, increase the EU’s energy security 

and strengthen its competitiveness. The EU, as the leader in reducing greenhouse gas 

(GHG) emissions, set a very ambitious GHG reduction target—by the year 2020 the 

EU’s GHG emissions should be lower by twenty percent than in 1990 (or even thirty 

percent, if the conditions are right) (further referred as GHG2020T). However, setting 

such a substantial reduction bears a great risk. Applying the measures limiting GHG 

emissions in member states may lead to a reduction of economic development, an 

increase of unemployment and a loss of competiveness of companies. Therefore, there 

are opponents of GHG2020T and its measures in member states who are questioning 

the necessity and the impacts of GHG2020T in their states. The opposition is more 

prevalent in the EU-15 states
1

 which already face higher labor costs, greater 

bureaucracy requirements and fewer exceptions from current measures in comparison 

with the EU-NEW states
2
.  

The primary objective of the thesis is to confirm or reject the following statement 

(further referred as the Objective; our GHG is carbon dioxide): In the EU-15 states, 

GHG2020T and its measures are necessary to limit the environmental degradation 

caused by excessive GHG emissions. For answering the Objective, we use the 

Environmental Kuznets Curve (EKC) framework. The EKC hypothesis states that with 

economic development, environmental degradation first increases and then decreases. 

Therefore, the existence of the EKC implies that “…economic growth is sufficient 

enough to safeguard environmental quality.” (Jaunky 2011, p. 1239). In other words, no 

additional measures limiting GHG emissions are needed. For the EKC hypothesis 

testing, we use carbon dioxide (CO2) emissions as a representative of GHG emissions 

and Gross Domestic Product (GDP) as an indicator of economic development. The 

secondary objective of the thesis is to generally determine whether there are any 

impacts of GHG2020T’s measures on economic development in the EU-15 states. We 

use Granger causality testing, which reveals any causal relationship between GDP and 

CO2. CO2 was chosen as an indicator of environmental degradation and as a 

representative of GHGs because it is a major GHG produced by humans, and its effects 

are observable in all EU-15 states.  

The thesis is structured as follows: Chapter II introduces GHGs and their impact on 

global warming in Europe. It presents the necessity of combatting global warming and 

                                                 
1
 The term EU-15 refers to the 15 member states of the EU as of December 31, 2003. 

2
 The term EU-NEW refers to the 13 member states of the EU that joined after December 31, 2003. 
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the consequences for the EU if no progress is made. After a few statistics about the 

EU-15 GHG emissions, Chapter II continues with discussion of the measures under 

GHG2020T and their theoretical impacts on economic development (both industry and 

state based). Chapter III presents the main tool for answering the Objective. It 

introduces the EKC hypothesis and the basic EKC rationale. Critique of the whole EKC 

framework is presented and its validity in the EU-15 states is evaluated. Chapter III 

ends with the EKC hypothesis literature survey. Chapter IV consists of our empirical 

testing. First, we introduce the technique for testing the EKC hypothesis and possible 

econometrical methods. Second, we test the main properties of the data to determine the 

appropriate econometrical method. As a part of properties testing, we assess the causal 

relationship between GDP and CO2 in each state. Third, we test the EKC hypothesis and 

report the results. Fourth, we discuss the results, interpret them and answer the 

Objective. Chapter V summarizes our findings.  Each Chapter is opened with a short 

summarization of the main outcomes of the previous chapter and the organization of the 

Chapter.  
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II. Europe 2020 and Greenhouse Gases 

In Chapter II, we are going to discuss the necessity and the impacts of the European 

Union’s (EU) target of reducing greenhouse gas (GHG) emissions by twenty percent (or 

even thirty percent, if the conditions are right) by the year 2020 in comparison with the 

base year 1990 (further referred as GHG2020T). The Chapter opens by introducing 

GHGs, the greenhouse effect and global warming in Europe. It summarizes the 

projections of losses attributable to global warming for two scenarios—one where GHG 

emissions are limited and one when they are not. The second Section of the Chapter 

presents current efforts of the EU to limit global warming through the Europe 2020 

Climate Change and Energy Sustainability goal. The main measures are summarized 

based on sector and state and the theoretical impacts on economic development are 

discussed.  

 European Union’s Global Warming II.1.

II.1.1. Greenhouse Gases 

The Intergovernmental Panel on Climate Change (IPCC) defines GHGs as:  

“… those gaseous constituents of the atmosphere, both natural and anthropogenic, that 

absorb and emit radiation at specific wavelengths within the spectrum of thermal 

infrared radiation emitted by the Earth’s surface, the atmosphere itself, and by clouds.” 

(Intergovernmental Panel on Climate Change [IPoCC] 2007, p. 82).  

GHG emissions can be divided into two categories—natural and anthropogenic. Natural 

GHG emissions form a majority of the total share of GHG emissions, and they are not 

associated with human activity. They are eliminated by natural processes, such as 

photosynthesis and air-sea gas exchange. Men have very limited ability to influence 

them. Anthropogenic GHG emissions are associated with human activity, and their 

excessive amounts complicate natural eliminating processes. This thesis focuses only on 

anthropogenic GHGs. The main anthropogenic GHGs are presented in Table II-1. 

Table II-1: Sources of Greenhouse Gases 

Greenhouse Gas   Main Sources 

Carbon Dioxide 
 

Burning fossil fuels for energy and transportation, land use changes, chemical and 

industrial processes. 

Methane 
 

Agriculture. 

Nitrous Oxide 
 

Agriculture and industrial processes. 

Hydrofluorocarbons 
 

Refrigeration and manufacturing. 

Perfluorocarbons 
 

Chemical processes. 

Sulphur Hexafluoride   Heavy industry and manufacturing. 

Source: IPoCC (2007) 
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II.1.2. Greenhouse Effect 

The greenhouse effect is one of many factors which determine the climate of Earth. 

IPCC defines the greenhouse effect as follows:  

 

“Greenhouse gases effectively absorb thermal infrared radiation, emitted by the Earth’s 

surface, by the atmosphere itself due to the same gases, and by clouds. Atmospheric 

radiation is emitted to all sides, including downward to the Earth’s surface. Thus 

greenhouse gases trap heat within the surface-troposphere system. This is called the 

greenhouse effect.” IPoCC (2007, pp. 81 - 82).  

 

The actual radiation is determined by the amount and features of each GHG in the 

atmosphere. The main features are the lifetime of a GHG in the atmosphere and its 

radiative forcing. The Global Warming Potential Index (GWPI) was created to 

summarize those features and to measure the relative effect on global warming as one 

common unit (a larger number means a greater negative effect). Table II-2 summarizes 

major GHGs’ GWPI and emissions.  

Table II-2: Greenhouse Gases Global Warming Potential Index 

Greenhouse Gas 
GWPI in 

20 years 

GWPI in 

100 years 

EU-15 GHG emissions in 2012 (in 

millions of tons of CO2 equivalent) 

Share on the total  

GHG emissions in 

EU-15 in 2012 

Carbon Dioxide 1 1 2987.926 82.6% 

Methane 72 21 293.039 8.1% 

Nitrous Oxide 289 310 258.142 7.1% 

Hydrofluorocarbons 
437 to 

12,000 

124 to 

14,800 
71.540 2.0% 

Sulphur  Hexafluoride 16,300 23,900 6.042 0.2% 

Perfluorocarbons 
5,210 to 

13,200 

7,390 to 

17,700 
2.781 0.1% 

Source: IPoCC (2007), European Environmental Agency [EEA] (2014) 

 

GHG emissions had been stable for several centuries. The greatest increase started in 

the eighteenth century with the industrial revolution. Figure II-1 shows the evolution of 

GHG emissions over time. The IPCC regularly reports the natural changes on Earth, 

which are caused by increased amounts of GHG emissions. Those natural changes have 

already started, or are about to start, if GHG emissions are not limited. 

II.1.3. Losses Attributable to Global Warming 

According to scientific research, there is a direct connection between the increase of 

GHG emissions and the following major natural changes:  

1. Between the years 2002 and 2011, the average global temperature was higher by 

0.77C to 0.80C each year than in pre-industrial times. In Europe, it was 1.3C 

over the same time period. By 2100, the European average temperature could be 

up to 4.0C higher (European Environmental Agency [EEA] 2012a, p. 19). 

2. Global and European sea-levels rose an average of approximately 1.7 mm per 

year in the twentieth century. In the last two decades, the rise was an average of 
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approximately 3 mm per year. By 2100, global and European sea-levels could be 

higher by 20 cm to 2 m (EEA 2012a, p. 21). 

3. The average global sea surface temperature was higher by almost 0.5C in the 

last decade than in the twentieth century (National Oceanic and Atmospheric 

Administration 2014). The average European sea surface temperature is 

increasing faster than the global sea surface temperature (EEA 2012a, p. 20). 

During the twentieth century, the average temperature of European rivers and 

lakes increased by 1 to 3C (EEA 2012a, p. 21).  

4. Changes in weather conditions appear globally as well as in Europe. Northern 

Europe has experienced increasing precipitation, while southern Europe has 

experienced decreasing precipitation (EEA 2012a, p. 19). Extreme weather—

floods, droughts, fires and storms—became more common in Europe between 

1990 and 2010 (EEA 2012a, p. 21).  

Figure II-1: The Evolution of Greenhouse Gases 

Natural changes caused by global warming have an impact on global GDP. According 

to DARA and the Climate Vulnerable Forum (2012, p. 17), the world currently loses 

1.6 percent of global GDP due to changes caused by global warming. If the situation 

does not change, in the year 2030, the world’s GDP will be 3.2 percent lower than it 

would have been in the absence of the changes caused by global warming. The impact 

on the EU’s GDP is challenging to express financially because of the uncertainty in 

actual effects in Europe, but it is expected to experience similar losses as those of global 

GDP.  Some effects on the EU’s GDP may be balanced out. For example, the migration 

of fish may decrease fishery yields in the Mediterranean region, negatively affecting the 

GDP of Mediterranean states, but consequently increase fishery yields in Northern 

Europe, positively affecting the GDP of northern states. The effects that negatively 

Source: Foster (2007) and Blasing (2008) cited in Karl, Melillo & 

Peterson eds. (2009, p. 14) [Adjusted for monochrome   printers] 
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influence GDP and are not balanced result from damage caused by extreme weather 

conditions (e.g., floods, droughts, fires, storms, etc.).  

The expected losses from global warming vary based on projections of natural changes. 

The IPCC works with up to 40 scenarios (IPoCC 2000, p. 4). Two of these scenarios are 

the IPCC’s A1B scenario and the EU’s E1 scenario. The basic differences between the 

scenarios are the expected temperature rises and GHG emissions trajectories. A1B 

expects a medium-to-high emission trajectory and a significant increase in global 

temperature of +3.4C by 2100 relative to pre-industrial levels (Christensen et al. 2011, 

pp. 5 - 6). E1 is a mitigation scenario (sometimes called a stabilization scenario) 

following GHG emissions reduction plans, and it expects a maximum global 

temperature increase of +2.0C by 2100 relative to pre-industrial levels (Christensen et 

al. 2011, pp. 5 - 6). For more detailed information see IPoCC (2000) and Christensen et 

al. (2011). 

Costs associated with the EU’s global warming under different scenarios are difficult to 

estimate. “Information on the total costs of the impacts of global climate change on the 

European economy is lacking.” (EEA 2012b, p. 231). Effects of climate change are 

strongly linked with socioeconomic development in the EU (EEA 2012b, 

pp. 228 - 236), and studies cannot distinguish the proportion of costs attributable only to 

climate change. Figure II-2 shows the expected costs (both climate and socioeconomic 

development related) based on A1B and E1 scenarios.  

Figure II-2: Projected Damage Costs of Global Warming in the EU 

A great variety of studies have been published to evaluate the costs of global warming 

(both climate and socioeconomic development related) in different sectors and in 

Source: Watkiss (2011) cited in EEA (2012b, p. 232) [Adjusted for monochrome   printers] 
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different European states and/or areas. The majority of studies cover the costs and 

benefits in energy, infrastructure, and agriculture and the effects in costal zones (EEA 

2010, p. 43). The macroeconomic impacts, business impacts, and industry impacts are 

studied minimally (EEA 2012b, p. 233).  

Table II-3 summarizes the estimates of costs in major sectors according to EEA (2012b, 

pp. 228 – 236).   

Table II-3: Estimated Costs of Global Warming in the EU 

Time horizon 2020s  (costs per year) 
 

2050s (costs per year) 
 

2080s (costs per year) 

Sector Scenario A1B E1 
 

A1B E1 
 

A1B E1 

Coastal Floods NA NA 

 

€11 bil. Decrease 

 

€25 bil. Decrease 

River Floods €20 bil. €15 bil. 

 

€46 bil. €42 bil. 

 

€98 bil. €68 bil. 

Energy NA NA 

 

€30 bil. €20 bil. 

 

€109 bil. €20 bil. 

Human Health €31 bil. Decrease   €103 bil. Decrease   €147 bil. Decrease 

 Source: EEA (2012b, pp. 228 – 236) 

 

Though the estimates of costs depicted in Table II-3 are relatively loose, the E1 scenario 

shows that great cost savings can be achieved, especially in the energy sector. The 

savings must be taken into account when evaluating the effect of GHG reduction on the 

EU’s GDP. Comparing only the current effect on the EU’s GDP and not incorporating 

future savings would be shortsighted.  

 Europe 2020 Greenhouse Gas Emissions’ target II.2.

II.2.1. Europe 2020 Climate Change and Energy Sustainability Goal 

The EU contributes almost 10 percent to the world’s GHG emissions (European 

Commission [EC] 2014). Table II-4 summarizes the shares of the largest contributors to 

the EU GHG emissions by sectors in the year 2012.  

Table II-4: Greenhouse Gas Emissions Shares in the EU by Sectors 

Sector Code Share 

Public Electricity and Heat Production 1.A.1.A. 27.00% 

Transport 1.A.3. 19.70% 

Manufacturing Industries and Construction 1.A.2. 11.70% 

Agriculture 4. 10.30% 

Residential 1.A.4.B. 9.40% 

Industrial Processes 2.A. 7.10% 

Commercial/Institutional 1.A.4.A. 3.90% 

Waste 6. 3.10% 

Source: EEA (2014) 

 

The Europe 2020 strategy’s Climate Change and Energy Sustainability goal addresses 

the need to limit GHG emissions in all sectors. At the end of the year 2020, the 

following three targets should be fulfilled: 
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1. Greenhouse gas emissions 20% (or even 30%, if the conditions are right) lower 

than 1990
3
 (i.e., GHG2020T), 

2. 20% of energy from renewables, and  

3. 20% increase in energy efficiency. 

Table II-5 summarizes the EU‘s GHG reduction plan (by year) through the year 2020. 

Table II-5: The EU's Greenhouse Gas Emission Reduction Plan 

Year 1990 2013 2014 2015 2016 2017 2018 2019 2020 

Emissions in mill. of tons 5,605 4811 4752 4693 4634 4575 4516 4457 4398 

Reduction vs 1990 NA -14% -15% -16% -17% -18% -19% -20% -21% 

Source: Council of the European Union (2012), EEA (2014) 

 

The GHG2020T is valid for the EU as a whole; the national targets vary based on the 

share on the EU’s total GHG emissions and natural, economic and social conditions in 

member states. For achieving the national targets, each state uses its own set of 

measures as well as common EU measures.  

II.2.2. Sector Measures to Fulfill GHG2020T 

The measures discussed in following Sections are used in both the EU-15 and the 

EU-NEW states. The opponents of those measures discuss that they may impede 

economic development in member states. They warn that pressing the management of 

companies in pollution-intensive industries to invest in costly modernizations may lead 

to financial difficulties of those companies. Also, if only the EU’s companies are 

pressed to invest, it may decrease their competiveness on global markets in the short- to 

medium-run. Decreasing the disposable income of residents through additional taxation 

may have negative impact on consumption, which is a significant part of the GDP. 

There are two types of measures—positive motivating measures and negative punishing 

measures. On a company level, companies that adopt new technologies are rewarded by 

at least one of following — smaller taxes, financial benefits or simply lower production 

costs. Companies that do not adopt new technologies are punished by fines. On a 

resident level, the EU mainly motivates through financial benefits, taxation brackets and 

promotion of savings.  

Main Measure: Emission Trading System 

The major measure, which covers 41 percent of EU’s GHG emissions, is the EU 

Emission Trading System (ETS) (EEA 2013a, p. 9). The EU ETS was introduced in 

2005, and it focuses on CO2 emissions, which can be measured, reported and verified. 

Power plants, energy-intensive industrial companies (e.g., oil refineries, producers of 

steel works, iron, aluminum, metals, glass, acids, and others), businesses in civil 

aviation and chosen producers of nitrous oxide and perfluorocarbon (PFC) products are 

                                                 
3
 The GHG emissions from the ‘Land Use, Land Use Change and Forestry’ sector are not included in the 

20% reduction goal in the Europe 2020 strategy because they are negative. They are included in the 

Kyoto protocol 2013 – 2020 phase, therefore, the Europe 2020 goal is stricter then Kyoto protocol 

2013 - 2020 phase limit.  
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required to participate in the ETS. Currently, more than 11,500 installations from the 

EU, Iceland, Liechtenstein and Norway participate in the ETS, and the number 

increases regularly (EC 2013, pp. 1-2).  

In the trading period from 2013 to 2020, an annual fixed limit on overall emissions from 

all installations was set, and this limit decreases every year by 1.74 percent. Emission 

allowances are issued up to the limit, partly distributed for free, and mainly traded (via 

auctions, direct sells or intermediaries). The aim of the system is to stop distributing 

emission allowances for free by the year 2027 (EC 2013, p. 3). The allowances are used 

as a “currency” to pay for the emissions from the installations. If an installation 

produces fewer emissions, fewer allowances must be bought and/or excessive 

allowances may be sold. If an installation produces more emissions, more allowances or 

credits must be bought. Credits represent emission-reducing projects in the non-EU 

states, which are recognized under the Kyoto protocol (EC 2013, p. 5).  If an installation 

does not have enough allowances or credits, it pays vast fines. “This ‘cap-and-trade’ 

approach gives companies the flexibility they need to cut their emissions in the most 

cost-effective way.” (EC 2013, p. 1). 

Following the ETS plans, at the end of 2020, the ETS emissions will be 25 percent 

lower than in the 2005 base year, which corresponds with the E1 scenario estimates. 

The cost of ETS was estimated to be between 2.9 to 3.7 billion Euros in the year 2005, 

which is less than 0.1% of the EU’s GDP (EC 2005, p. 6). According to Brown, Hanafi 

and Petsonk (2012, pp. 4 - 10), the real costs are even lower, and there is no significant 

effect on GDP.  

Measures in the Public Electricity and Heat Production Sector 

The Public Electricity and Heat Production sector is primarily covered by the ETS. 

EEA (2013b) analyzes additional measures used by member states for decreasing GHG 

emissions. Fixed feed-in tariffs used in many states (e.g., Austria, Finland, and France) 

help guarantee that energy from renewable sources (RES) will be purchased for a fixed 

price. RES are also promoted via tax incentives (e.g., in Belgium, France, and Italy) or 

quotas for minimum shares of RES on the final distribution of energy to consumers 

(e.g., Belgium, Poland, and others). 

Various taxes are used to limit GHG emissions; for example, the CO2 tax in Latvia, the 

energy tax in Denmark, and coal and fossil fuels taxes in Belgium and Spain. Northern 

states (Denmark, Finland and the United Kingdom) have special funds for financing 

research and development for improving energy efficiency. Also, stricter limits on new 

power plants are used; for example, in Bulgaria, the newest available technology must 

be used.  

A majority of measures stimulate the investment component of GDP in the short- or 

medium-run. The consumption component of GDP may be reduced by increased 

efficiency in the sector, and increased taxes have a negative effect on GDP in general. 

The investments into new technologies may boost GDP. 
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Measures in the Transport Sector 

Based on EEA (2013b), the decrease of GHG emissions in the Transport sector is 

promoted in several ways. Taxation of vehicles based on engine displacement, weight 

or directly on carbon dioxide emissions is used in many states (e.g., Germany, Latvia, 

and Netherlands). Additional taxes like road taxes, eco truck taxes, transport taxes and 

others are used too. Reduced taxes on new (e.g., in Netherlands) or environmentally-

friendly cars (e.g., in Poland) motivate consumers to pay attention to GHG emissions 

while buying a new car.  

The consumption of fossil fuels is reduced by several measures—imposition of a 

minimum required share of bio components on fuels (e.g., Austria, Belgium, and 

the Czech Republic), minimum quotas on annual sales of biofuels (e.g., France, Greece, 

and Hungary), and lower taxes on biofuels (e.g., Bulgaria and Greece). 

Other sources of transport are promoted by developing new cycle routes (e.g., Austria, 

Hungary, and Poland), extending railway networks (e.g., Poland), and improving public 

transport (e.g., adding more traffic lanes for public transport in the streets in Estonia).  

These various types of taxation have negative impacts on GDP, while tax reductions 

and tax incentives may increase the consumption of chosen goods. Investment into the 

development of new cycle routes and railway networks should increase GDP.  

Measures in the Residential, Commercial and Institutional Sector 

Based on EEA (2013b), the main measure for decreasing GHG emissions in the 

Residential, Commercial and Institutional sector is to increase energy efficiency of 

buildings. Increased efficiency will decrease consumption of energy and therefore 

decrease GHG emissions. This can be done by stricter energetic and heating standards 

for new and renovated buildings (e.g., Austria, France, and Greece), minimum 

requirements for self “stores” of energy from RES (e.g., France, Germany, Greece), and 

certification and labelling of buildings (e.g., Finland, France, and the United Kingdom).  

Financial support is offered for replacement of energy inefficient devices in households 

(e.g., Austria and Latvia), installation of small solar or wind power generators (e.g., 

Estonia and France), and for purchase of home energy measurement devices (e.g., 

Slovenia). Taxes and/or financial incentives to build and renovate buildings to achieve 

higher energy efficiency are offered in many states (e.g., Belgium, Ireland, and France). 

States with a vast number of panel buildings (e.g., the Czech Republic, Hungary, and 

Poland) also offer financial support for insulation of panel buildings.  

The majority of these measures promote investments into building new houses with 

higher energy efficiency, and the effect on GDP should be positive. 

Measures in Other Sectors 

The Manufacturing Industries and Construction sector and the Industrial Processes 

sector are mainly covered by ETS. EEA (2013b) mentions further measures. Increased 

taxes on hydrofluorocarbons (HFCs), PFCs, and sulphur hexafluoride (SHX); mineral 

oils in Austria; machinery CO2 tax in Finland; and a pollution tax in Latvia further limit 
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the overall GHG emissions in the sectors. Regulations on the use of HFCs, PFCs and 

SHX as well as regulations on professionals working with those GHGs limit abundant 

GHG losses caused by machine or human failure.  

In the Agriculture sector, subsidies for organic farming (e.g., Austria and Estonia), for 

manure management (e.g., Portugal and Slovakia), and recovery of biogas from animal 

storage systems (e.g., Belgium and Italy) are offered. Together with the promotion of 

rational use of fertilizers, those measures should decrease GHG emissions. The Waste 

sector is covered by many limits on waste processes, quotas on recycling, and 

promotion of environmentally-friendly ways to dispose of waste. 

The effect on GDP should be the same as in other sectors—taxes may limit GDP 

growth while incentives may increase GDP growth in the short- or medium-term. 

II.2.3. The EU-15 States’ Measures  

The EU-15 represents the fifteen states that joined the EU before 2004—Austria, 

Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, 

Netherlands, Portugal, Spain, Sweden and the United Kingdom. Table II-6 summarizes 

the GHG emissions and GDP of the EU-15 states. 

Table II-6: The EU-15 GHG and GDP Summary 
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AUSTRIA 78.2 80.0 35.50% 51.6 47.9 1.80% 2.40% 2.40% 2.60% 

BELGIUM 143.1 121.0 35.60% 77.9 66.7 2.70% 2.90% 3.60% 3.20% 

DENMARK 68.7 51.4 35.60% 33.1 29.7 1.10% 1.90% 1.50% 2.10% 

FINLAND 70.4 61.4 48.50% 31.6 27.7 1.40% 1.50% 1.50% 1.60% 

FRANCE 556.4 485.1 22.30% 376.9 350.1 10.70% 15.70% 17.30% 17.10% 

GERMANY 1250.3 931.1 48.80% 476.7 417.3 20.60% 20.60% 21.90% 22.40% 

GREECE 104.6 115.2 53.60% 53.4 58.9 2.50% 1.50% 2.50% 1.60% 

IRELAND 55.2 57.7 28.20% 41.4 37.2 1.30% 1.30% 1.90% 1.40% 

ITALY 519.0 464.6 39.00% 283.2 287.9 10.30% 12.10% 13.00% 13.20% 

LUXEMB. 12.9 12.2 16.60% 10.2 8.1 0.30% 0.30% 0.50% 0.40% 

NETHERL. 211.8 192.7 39.70% 116.2 104.5 4.30% 4.60% 5.30% 5.00% 

PORTUGAL 61.0 69.8 36.70% 44.2 49.0 1.50% 1.30% 2.00% 1.40% 

SPAIN 282.8 346.1 40.20% 207.1 208.6 7.70% 7.90% 9.50% 8.60% 
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SWEDEN 72.8 58.3 32.10% 39.6 36.4 1.30% 3.10% 1.80% 3.40% 

UN. KING. 767.3 567.7 41.00% 335.0 319.5 12.60% 14.90% 15.40% 16.20% 

EU-15 4254.5 3614.3 39.70% 2178.1 2049.5 80.00% 91.00% 100.00% 100.00% 

EU 5605.4 4519.4 41.80% 2629.6 2552.4 100.00% 100.00% NA NA 

Source: EEA (2013b), EEA (2014), World Bank (2014) 

 

The effects of the EU-15 states’ measures on GDP are expected to be positive. Two 

major economies of the EU-15—Germany and France—use more GDP-stimulating 

than GDP-restraining measures to limit GHG emissions. Together, Germany and France 

generate almost 37 percent of the EU-15’s GDP and almost 40 percent of the EU-15’s 

GHG emissions. In Germany and France, the majority of GHG reductions should be 

achieved by electricity savings and by using more RES, which may decrease 

consumption of energy but also increase investments into more efficient devices and 

RES. Other measures include regulations for fertilizers, HFCs, PFCs and SHX; 

increased taxes on fuels in Germany; and subsidies for more environmentally-friendly 

cars in France. 

The United Kingdom, as the third strongest EU-15 economy, uses more restrictive 

measures, mainly increased taxes on CO2 emissions and stricter regulations on building 

energy and heat performance. The United Kingdom’s minimum energy efficiency 

standards for products are also used in Italy and Spain, the fourth and fifth largest 

EU-15 economies. Like Germany and France, the major reductions for Italy and Spain 

should be achieved through increased energy efficiency and increased share of RES. 

Promotion of more environmentally-friendly cars and biofuels is used as well as higher 

taxation of more polluting cars.  

Netherlands, Belgium and Denmark use various types of subsidies to support RES and 

agreements with enterprises to limit GHG emissions. The development of other sources 

of transport should persuade people to use public transport or bikes for commuting. 

Austria promotes public transport as well, but its primary measure is increasing the tax 

on fuels while promoting the use of biofuels. Sweden is the only state from the medium 

sized EU-15 economies that increases taxes and the number of mandatory certificates as 

a primary measure. On the other hand, Sweden offers many exceptions for RES and 

biofuels. Small economies like Finland, Greece, Ireland, Luxembourg and Portugal use 

similar measures—promotion of biofuels, promotion of RES and tax adjustments.  
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Source: Dinda (2004, p. 434) 

III. The Environmental Kuznets Curve 

In Chapter II, we introduced basic terminology, shortly presented the main 

anthropogenic GHGs and discussed their contribution to global warming. The main part 

of the Chapter covered GHG2020T and its measures. We concluded that even though 

the measures in the short-run may be GDP-restraining, the measures in the long-run are 

GDP-stimulating. In Chapter III, we are going to introduce our theoretical framework 

for answering the Objective.  

The first Section of the third Chapter introduces the concept of the Environmental 

Kuznets Curve (EKC). After presenting the basic rationale behind the EKC and its 

application in the EU-15 states, alternative scenarios and critiques are discussed. The 

second Section of the Chapter provides deeper insight into the EKC concept through 

modelling and goes through the research of the topic. The research is divided into three 

main areas. The first covers the original work of authors of the EKC hypothesis, the 

second covers the early research which was econometrically problematic and the last 

covers the current research with the newest econometric estimation techniques.  

 The Environmental Kuznets Curve in Theory III.1.

III.1.1. The Environmental Kuznets Curve Hypothesis 

To answer the Objective, we decided to use the EKC hypothesis as the main framework. 

The EKC, sometimes referred as the environmental Kuznets (curve) hypothesis, is 

based on Simon Kuznets’ original income-inequality hypothesis. Kuznets postulated 

that income inequality first rises and then falls with economic development. The EKC 

represents the same course, but income inequality is replaced by environmental 

degradation—environmental degradation first rises and then falls with economic 

development. Environmental degradation may be represented by various indicators: 

carbon oxides, sulphur oxides, nitrous oxides, suspended particulate matters, quality of 

drinking water, chemicals in water, traffic volume, deforestation, and many others.  

Figure III-1 shows the simplest representation of the EKC. Environmental degradation 

rises up to certain level of economic development, represented by income per capita, 

from which it starts to decrease. The certain level per capita is called a turning point.  

Figure III-1: An Inverted-U Shaped Environmental Kuznets Curve 
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The EKC hypothesis was first published by Grossman and Krueger in 1991 

(Grossman & Krueger 1991). The EKC began receiving more attention in various 

researches than the former theoretical frameworks—the IPAT and the scale models—

and it became prevalent in the 1990s. The IPAT model represents the relationship 

between human activity and the environment, where I is human impact, P is population, 

A is affluence and T represents technology. The basic idea is that economic 

development does not increase environmental degradation because it allows better 

technologies to be used and it decreases poverty (Stern 2014, p. 2). The IPAT model 

was criticized for being too simple and for assuming that P, A, T are independent. In 

contrast, the scale effect model simply assumed that economic development causes 

environmental degradation because with increasing production, a greater amount of 

pollutant is produced.  

The EKC framework was used for several reasons. First, it is a dominant approach 

which is widely studied, but to our knowledge, it has never been applied solely to the 

EU-15 states specifically. Second, it directly answers the Objective of the thesis because 

the existence of the EKC in a country implies that economic development is sufficient 

to safeguard the environmental quality in that country (Jaunky 2011, p. 1239). Third, 

the basic rationale behind the EKC may be compared to the actual situation in the 

EU-15 states.  

Basic Rationale behind the EKC  

Grossman and Krueger (1994) explained that the scale effect is not the only channel 

through which economic development affects environment quality. Other channels are 

the composition effect and the technology effect. The composition effect describes the 

shift among sectors with increasing economic development. Different industries 

produce different amounts of emissions over time. First, the shift from an agriculture 

economy to an industrialized economy leads to an increase in emission productions and 

as a result, the quality of the environment decreases. Second, the shift from an 

industrialized economy to an economy based on services decreases emission 

production, and the quality of the environment is on its way to being restored.  

The technology effect describes a replacement of old technologies for newer ones. The 

replacement is motivated by economic and political impulses. The decreasing 

availability and higher prices of resources make producers use more efficient 

technology to achieve savings. More efficient technology provides producers with 

competitive advantage, which pressures other producers to use new technology too. 

This win-win situation leads to reduced production of emissions. The reduction can also 

be achieved with stricter regulations, higher taxations and other political impulses 

(Torras & Boyce 1998, p. 148). Figure III-2 illustrates all three effects and Figure III-3 

represents the rationale offered by Grossman and Krueger (1994).  

Another basic explanation behind the EKC is based on socioeconomic grounds. In the 

early stages of economic development, people care mainly about their basic needs—

water, food, shelter and clothes. The production from a predominantly agricultural 

economy can satisfy those basic needs. After some time, population rises to the point 
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where more efficient usage of all resources is needed, so basic needs are still met. If the 

rise in population is also accompanied by an increase in income, more funds are 

available for investments into better technology, education and health care systems. 

With more educated population in terms of the impacts of environment degradation, the 

pressure to limit the degradation is higher. The limitation of environmental degradation 

is itself limited by income.  

Figure III-2: Scale, Composition and Technology Effects 

 

Figure III-3: Grossman and Krueger's EKC 

The quality of environment in advanced societies is considered a luxury good; i.e., its 

income elasticity is more than one (Dinda 2004, p. 435). People’s basic needs are 

satisfied and they have sufficiently high incomes to start buying luxury goods. “Goods” 

as an environmental concept is a broader term and can be represented by concepts such 

a) Scale effect b) Composition effect c) Technology effect 

Source: Islam, Vincent & Panayotou (1999, p. 36) 

Source: Kaika & Zervas (2013a, p. 1394) 
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as recycling waste, buying environmentally friendly products, donating to 

environmental organizations, voting for parties supporting environmental responsibility, 

etc. 

Buying luxury environmental goods leads to several changes which decrease the 

production of emissions. Better recycling of waste leads to reuse of products that would 

otherwise be burned or buried underground. Shifts in consumer behavior make 

producers produce more environmentally friendly products which further decreases the 

price of those products and therefore further increases the demand. Supporting 

environmental organizations and voting for “green” parties lead to stricter 

environmental legislation.  

Higher income allows government to enforce and monitor the stricter environmental 

legislation. The stricter environmental legislation may end government subsidies to 

pollution-intensive sectors; e.g., coal, steel and petrochemical industries. The end of 

subsidies may lead to reorganizations of companies, which may improve their 

performance or end their productions. Either result is beneficial for the environment—

the cessation of production decreases the scale effect, while improving performance via 

new and more efficient technologies decreases CO2 emissions (Dasgupta et al. 2002, 

p. 154). 

Both explanations see the EKC concept as a long-term phenomenon. The shape of the 

EKC may vary significantly across countries and for different indicators of 

environmental degradation. Generally, indicators of environmental degradation (i.e., 

pollutants) can be divided into two categories—local and global. Local pollutants (e.g., 

nitrous oxides, dark matter particles, etc.) mainly impact residents in a particular 

location; therefore, limitation of the pollutant has a positive impact locally. Global 

pollutants (mainly CO2 emissions) impact more locations, even though the source may 

only be in one of them. Therefore, the effort to limit global pollutants must be led in 

cooperation with other countries.  

The EKC Basic Rationale and the EU-15 States 

Both explanations are hypothetically valid for the EU–15 states. In the EU–15 states, 

after the Second World War, the new technologies were used to redevelop destroyed 

structures. Using new technologies, fewer people were needed to work in agriculture 

and industry, therefore, the sector of services increased. The composition and 

technological effects boost the decrease of environmental degradation. The increase of 

production after the war may have slowed the decrease of environmental degradation 

through the scale effect. Also, the activity of environmental groups in some states (like 

Sweden) caused the first limitations of pollutants.  

III.1.2. The EKC’s Scenarios, the EU-15 and the Critique  

A number of researches have questioned and challenged the whole concept of the EKC 

or its parts. The supporters of the EKC hypothesis offered other rationale explaining the 

EKC. The discussion between the supporters and the opponents of the EKC still 
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continues and the empirical results are mixed. Several possible scenarios of the real 

shape of the EKC were introduced.  

Scenario I: International Trade and Foreign Direct Investment 

International trade is stressed as an important variable by both supporters and opponents 

of the EKC hypothesis. According to the supporters, international trade magnifies all 

effects—scale, composition and technological. Increased volume of exports 

representing scale effect increases the environmental degradation but also increases 

economic development. Import of goods of which production is more profitable in other 

countries and import of new technologies decrease environmental degradation through 

an increase in composition and technological effects, but it may also decrease economic 

development. 

Foreign direct investment impacts on environmental degradation are mixed. If the 

country has strict environmental legislation, “cleaner” investments will come to the 

country. If a country has weak environmental legislation, “dirty” investments will come 

to the country. In both cases, raised production increases the environmental degradation 

through the scale effect channel. In the case of a “cleaner investment” country, 

composition and technological effects will decrease the environmental degradation. In 

the case of a “dirty investment” country, the composition effect may increase the 

environmental degradation (Lau, Choong & Eng 2014). 

The principle of “cleaner” and “dirty” countries can be extended to the general free 

trade concept. The Heckscher-Ohlin model describes international trade—countries 

export products that can be produced cheaply in their countries and import products for 

which production would consume their scarce resources or production factors. With the 

possibility of moving production to different countries, critics (e.g., Copeland and 

Taylor 1995) say that the pollution-intense producers will tend to move to countries 

with weaker environmental legislation. This critic view is called the pollution heaven 

hypothesis (PHH).  

The PHH does not reject the EKC; it rejects the rationale behind the decline in 

environmental degradation. The decline is caused by moving the pollution-intense 

production into Third World countries with weaker environmental legislation. The main 

contra argument against the PHH is the fact that environmental legislation is not the 

only factor in determining whether a company will move its production. Companies 

seek more political, economic and taxation stabilities which are often not available in 

countries with less strict environmental legislation. 

The PHH has not been confirmed in the EU-15 states or in the whole EU, but it is hard 

to examine due to strong interconnectivity between environmental degradation and 

environmental legislation. However, in the EU, PHH is not expected to be valid because 

of similar legislation within the EU’s member states. Unification of the EU’s law leads 

to the same or very similar legislation in the EU countries. There is no point moving an 

enterprise to a country with less strict environmental legislation because in a few years, 

the conditions are going to be the same.  
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Moving production to Third World countries occurs in the EU-15 states, but the main 

reasons are less strict work conditions and smaller wages. Some Third World countries, 

however, are currently tightening their environmental legislation.  

Scenario II: Race to the Bottom 

The Race to the Bottom scenario is a more negative view of the effects from 

international trade. It does not deny the rise of environmental degradation and economic 

development in the first phase, but after reaching a turning point, the economic 

degradation remains high and does not decrease. Figure III-4 illustrates the race to the 

bottom scenario. Outsourcing of production into Third World countries and outflow of 

the capital will encourage governments to loosen the legislative restrictions in an 

attempt to prevent losses in competiveness. Environmental degradation then stays at the 

highest level previously reached.  

The Europe 2020 strategy is often criticized for having overly strict environmental 

targets which could possibly lead to a Race to the Bottom scenario, where the EU will 

be pressured to ease its environmental legislation due to the loss of competiveness of its 

companies and the outflow of capital. This critique has never been confirmed in 

empirical research. Furthermore, the tightening of the environmental standards started 

even prior to the Kyoto protocol in some countries, therefore the loosening of 

environmental legislation should have already been evident in the EU-15 and the EU as 

a whole. This loosening has not occurred, and furthermore, Third World countries are 

tightening environmental legislation to narrow the gap (Dasgupta et al. 2002, p. 160). 

Scenario III: New Toxic 

The New Toxic scenario describes the theoretical situation where targeted pollutants are 

reduced but new pollutants appeared. The real overall environmental degradation 

increases or stagnates, while the observed environmental degradation decreases because 

some pollutants are reduced (Stern 2004, p. 1428). Figure III-4 illustrates the new toxic 

scenario. Countries in the EU-15 states and the whole EU limit pollutants even beyond 

the scope of the Kyoto protocol. The New Toxic scenario is not probable in the EU 

context, even though it may appear in different countries. The EU monitors 

environmental degradation and it reacts accordingly. Furthermore, member states can 

themselves react even beyond the scope of the Europe 2020 strategy. The New Toxic 

scenario is not probably, but further empirical is needed (Dasgupta et al. 2002, p. 148). 

Scenario IV: The Revisited EKC 

The Revisited EKC scenario puts more stress on agents and time factors in the EKC 

concept. The shape of EKC will be “…determined by how many parties react to 

economic growth and its side effects-including citizens, businesses, policymakers, 

regulators, nongovernmental organizations, and other market participants…” 

(Dasgupta et al. 2002, p. 152). Figure III-4 illustrates the Revisited EKC scenario. The 

shape of the Revisited EKC is more probable to occur in developing countries because 

they have access to financial support from developed countries, they have the newest 

available technology, and they do not have to repeat developed countries’ mistakes. 

Therefore, their EKC may be lower and shift to the left. 
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Source: Dasgupta et al. (2002, p. 148) [Extended by the author] 

Scenario V: The N-shaped EKC 

The EKC assumes that after reaching a turning point, the decrease in environmental 

degradation will be permanent. Some research considers the permanent decrease 

unlikely and suggests an N-shaped EKC. After the decrease of environmental 

degradation, another turning point is reached and the environmental degradation starts 

to rise again. The basic explanation is that “…improvement in technologies allows to 

extract some natural resources cheaper (e.g. coal, gas) and they start to be used more.” 

(Dinda 2004, p. 448). Figure III-4 illustrates the N-shaped EKC scenario.  

Figure III-4: Shapes of the EKCs 

 

 

 

 

 

 

 

 

 

General Critique of the EKC 

 The environmental degradation and economic development are not treated as 

inter-connected under the EKC hypothesis. “… there is no feedback from the 

quality of the environment to production possibilities…” (Stern, Common & 

Barbier 1996, p. 1151). Clearly, when environmental conditions are really poor, 

production may be limited. In the EU-15 states, for example, there are cases 

where factories had to stop production due to high levels of pollutants.  

 The EKC may be valid for local pollutants, but not for global pollutants. The 

motivation to decrease global pollutants is lower due to the tempting possibility 

of free riding. “There are no major local costs associated with carbon emission 

– all the cost in terms of climate change are borne by the rest of the world.” 

(Shafik and Banduopadhyay 1992, pp. 10-12) 

 The Environmental Kuznets Curve Research III.2.

III.2.1. The Environmental Kuznets Curve Model 

The original Grossman and Krueger (1991) working paper studies the environmental 

impacts of a reduction of trade barriers between the United States and Mexico through 

the North American Free Trade Agreement. Positive impacts on Mexico were illustrated 

through econometrical analysis of the relationship between national income and chosen 



      

20 

 

pollutants. The working paper became famous after Shafik and Banduopadhyay (1992) 

estimated the relationship for a variety of pollutants using the same approach, and their 

study was used as a background paper for the World Bank Development Report.  

In the original study, three main pollutants were studied—sulfur dioxide in 42 countries 

(up to 52 cities in the years 1977, 1982 and 1988), suspended particles in 29 countries 

(up to 36 cities in the same years) and dark matter in 19 countries (up to 13 cities same 

years). The cities were located in both developing and developed countries and 

measures were conducted in city centers or suburban areas and at commercial, industrial 

and residential sites. Grossman and Krueger (1991) used several combinations of 

explanatory variables to estimate the relationship between national income and chosen 

pollutants. The model with income per capita squared and income per capita cubed as 

explanatory variables became the base for the general EKC model. The original 

Grossman and Krueger (1991) model is expressed as:  

𝑃𝑂𝐿𝑃𝑖𝑡 =  𝛼𝑖 + 𝛾𝑡 + 𝛽1𝐺𝐷𝑃𝑃𝑖𝑡 + 𝛽2𝐺𝐷𝑃𝑃𝑖𝑡
2 + 𝛽3𝐺𝐷𝑃𝑃𝑖𝑡

3 + ∑ 𝛽𝑦𝑉𝐴𝑅𝑦𝑖𝑡

𝑛

𝑦=1

+ 휀𝑖𝑡 

where 𝑃𝑂𝐿𝑃𝑖𝑡  is an indicator of environmental degradation per capita at 

location i in year t 

 𝛼𝑖   an intercept that varies across locations 

 𝛾𝑡  an intercept that varies across years 

 𝐺𝐷𝑃𝑃𝑖𝑡  gross domestic product per capita at location i in year t 

 𝑉𝐴𝑅𝑦𝑖𝑡   yth regressor at location i in year t 

 휀𝑖𝑡  random error term 

 

The original model was estimated by two methods—random effects (RE) estimation 

and fixed effect (FE) estimation. For both estimations, other regressors were added: 

population density, year, time trend, trade intensity and communism dummy. In the RE 

estimation, the dummies representing the characteristics of location (site and city) were 

used. In the FE estimation, those dummies were intentionally left behind because the FE 

estimations capture the unobservable geographical and climatic conditions. Grossman 

and Krueger (1991) stress the suitability of the FE estimation method to address the 

relationship between income and pollution, because it “… ignores all information 

contained in the cross-country variation in pollution levels and relies instead only on 

the variation in air quality that resulted at the various sites from changes in GDP…” 

(Grossman & Krueger 1991, p. 14). 

Shafik and Banduopadhyay (1992) also used FE and RE estimation techniques, but they 

put the variables into a natural logarithm. The logarithmic form better describes the 

features of the environmental pollutants. Except in the case of deforestation, 

environmental degradation indicators cannot be negative. The updated EKC model is 

expressed as: 

ln 𝑃𝑂𝐿𝑃𝑖𝑡 =  𝛼𝑖 + 𝛾𝑡 + 𝛽1 ln 𝐺𝐷𝑃𝑃𝑖𝑡 + 𝛽2(ln𝐺𝐷𝑃𝑃𝑖𝑡)2 + 𝛽3(ln𝐺𝐷𝑃𝑃𝑖𝑡)3 + ∑ 𝛽𝑦𝑉𝐴𝑅𝑦𝑖𝑡

𝑛

𝑦=1

+ 휀𝑖𝑡 
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The updated model allows capturing several variations of the relationship between an 

indicator of environmental degradation and GDP. Table III-1 summarizes the basic 

variations. 

Table III-1: Model Variations 

Relationship 1 2 3 

No relationship = 0 = 0 = 0 

A monotonic increasing relationship > 0 = 0 = 0 

A monotonic decreasing relationship < 0 = 0 = 0 

An inverted-U shaped relationship, i.e., the EKC > 0 < 0 = 0 

An N-shape relationship > 0 < 0 > 0 

Source: Author’s computations 

 

Even though the models used by Grossman and Krueger (1991) and Shafik and 

Banduopadhyay (1992) included the cubic GDP per capita, today’s standardized EKC 

regression model is expressed as (Stern 2004, p. 519): 

ln 𝑃𝑂𝐿𝑃𝑖𝑡 =  𝛼𝑖 + 𝛾𝑡 + 𝛽1 ln 𝐺𝐷𝑃𝑃𝑖𝑡 + 𝛽2(ln𝐺𝐷𝑃𝑃𝑖𝑡)2 + 휀𝑖𝑡 

The turning point for the EKC can be computed using the following formula: 

𝜃 = exp 
−𝛽1

2𝛽2
 

III.2.2. The Early Studies and Their Critiques 

Grossman and Krueger’s (1991) results supported the existence of the EKC for sulphur 

dioxide and dark matter but not for suspended particles. Instead, a monotonic increasing 

relationship was detected for suspended particles. Shafik and Banduopadhyay (1992) 

studied the effects of ten indicators of environmental quality: lack of safe water, lack of 

urban sanitation, annual deforestation, total deforestation, dissolved oxygen in rivers, 

fecal coliform in rivers, ambient levels of suspended particulate matters, ambient 

sulphur dioxide, municipal solid waste per capita and carbon emissions per capita. Real 

GDP per capita in purchasing power parity terms was used as an indicator of economic 

development, and the EKC was estimated for 39-135 countries for the years 1976 and 

1988. The EKC hypothesis was supported for suspended particulate matter and sulphur 

dioxide. For other indicators, a linear relationship was detected. The result for carbon 

emission per capita was tricky because an inverted relationship was detected, but the 

turning point would be at over $7 million per capita at 1992 prices. Therefore, the result 

is not relevant. 

A similar irrelevant result—over $8 million per capita for carbon emissions—was 

obtained by Holtz-Eakin and Selden (1995), when the natural logarithmic form of the 

EKC and FE estimation was used for 108 countries from 1951 to 1986. However, using 

the same dataset and the original Grossman and Krueger (1991) non-logarithmic model, 

the EKC for carbon emissions was detected with a reasonable turning point—$35,428. 

Using the logarithmic form and first difference (FD) estimator, Tucker (1995) detected 
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the EKC for carbon emissions in a panel of 137 countries from 1971 to 1991. The 

impacts of oil shocks in the 1970s appeared to have significant impacts on results. The 

turning point was not reported because in the case of panel countries, it may differ 

significantly across the countries.  

Additional studies from the early stages of EKC testing will not be discussed in the 

thesis because they were criticized for econometrical insufficiency. For a literature 

summary, see Kaika and Zervas (2013a). Generally, researchers used FE, RE or FD 

estimation techniques for estimating panel or cross-sectional data for chosen countries 

over a chosen time period. The first complex critique of the EKC concept was published 

in 1996 by Stern, Common and Barbier (1996). They went through several early 

studies, including the original Grossman and Krueger (1991) and Shafik and 

Banduopadhyay (1992), and they found several issues which may have biased the 

results. Three main issues were simultaneity, international trade and data quality. The 

assumption of unidirectional causality from economy to environment is unrealistic and 

it is not appropriate to estimate the relationship with a single equation model (Stern, 

Common & Barbier 1996). “Estimating single-equation relationships by ordinary least 

square where simultaneity exists produces biased and inconsistent estimates.” (Stern, 

Common & Barbier 1996, p. 1155)
4
. The structural changes in economies caused by the 

international trade cannot be captured by a single equation model. “A single-equation 

reduced form model, such as the EKC, does not allow the identification of the structural 

equations and the separation of the different causal chains.” (Stern, Common & 

Barbier 1996, p. 1156). The last issue consists of the data quality and data insufficiency. 

It leads to unrealistic assumptions, simplifications and use of grouped data, which 

increases the possibility of heteroskedasticity problems in estimations. In the case of 

heteroskedasticity, the ordinary least square (OLS) method is inefficient but not biased 

(Stern, Common & Barbier 1996, p. 1156). Other critiques followed. For a summary of 

econometrical critique of early stage studies see Dinda (2004) and Stern (2004). 

III.2.3. The Later Studies and Their Critiques 

Later studies have tried to address the econometrical critique, but the results still heavily 

depend on technique, data availability and data quality. Generally, the existence of EKC 

was observed more in developing countries than in developed countries (which can be 

explained by quicker adoption of new technologies by developing countries) and more 

for local than global pollutants.  

Ang (2007) provides some basic support for the existence of the EKC for CO2 in France 

from 1960 to 2000.  He used cointegration and the vector error correction model 

(VECM) and the results provided evidence for the existence of a fairly robust long-run 

relationship, which was not monotonic. He avoids the problem of simultaneity by 

treating all variables as endogenous. More supporting results for CO2 were obtained by 

Iwata, Okada and Samreth (2010) using the Autoregressive Distributed Lag model 

(ARDL), where the EKC was detected at 1% significance level in France from 1960 to 

                                                 
4
 FE, RE and FD use OLS technique.  
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2003. The EKC was detected both in the standardized form and even when a set of 

variables (trade, energy consumption, urbanization, and others) was included. 

The same technique was used by Acaravci and Ozturk (2010) for a set of European 

countries from 1971 to 2005. Energy consumption turned out to be a reasonably 

significant explanatory variable that should be included in the EKC estimation. A 

long-run relationship of the EKC for CO2 was detected in Denmark, Greece, Italy, and 

Switzerland on one percent level of significance, in Portugal on five percent level of 

significance and in Germany and Iceland on ten percent of significance. No long 

relationship was detected in Austria, Belgium, Finland, France, Hungary, Ireland 

Luxembourg, Netherlands, Norway, Sweden and the UK. It contradicts both Ang 

(2007) and Iwata, Okada and Samreth (2010) in the case of France and also 

Hatzigeorgiou, Polatidis and Haralambopoulos (2011) in case of Greece. Hatzigeorgiou, 

Polatidis and Haralambopoulos (2011) used cointegration and VECM for Greece 

between 1977 and 2007, and the EKC for CO2 was rejected. Using data from 1960 to 

2008 and the new econometrical approach, Zanin and Marra (2012) detected the EKC 

for CO2 in France as well as in Switzerland. New shapes of the EKC were detected in 

Austria, Finland, Canada and Denmark and nonlinear increasing relationships for 

Australia, Italy and Spain. They used an additive mixed model, which allows for 

flexibility in existing polynomials.  

Using a new theoretical approach to test the existence of the EKC for CO2 first 

proposed by Narayan and Narayan (2010), the EKC was detected in Greece, Malta, 

Oman, Portugal and the United Kingdom from 1980 to 2005 by Jaunky (2011). In 31 

other high income countries, including Austria, Belgium, Cyprus, Denmark, Finland, 

France, Ireland, Italy, Luxembourg, Netherlands, Spain and Sweden, the EKC was not 

confirmed. The EKC was also not confirmed for the whole panel of 36 high income 

countries. The new theoretical approach from Narayan and Narayan (2010) compares 

the long- and short-run income elasticities of environmental indicators. If the long-run 

elasticity is lower than the short-run elasticity, then it is also equivalent to lower 

environmental degradation as economic growth occurs over time. However, only the 

negative long-run elasticity supports the EKC. Narayan and Narayan (2010) examined 

the EKC for CO2 for 43 developing countries and the EKC was detected in fifteen of 

them. They clustered the countries based on regional location and detected the EKC in 

panels of Middle Eastern and South Asian countries on one percent of significance. 

However, the EKC was not confirmed for Latin American, East Asian and African 

countries.  

The existence of the EKC for CO2 was examined widely also for BRIC (Brazil, Russia, 

India and China) countries. Pao and Tsai (2010) detected the EKC in the whole panel of 

BRIC countries between 1971 and 2005
5
 using cointegration and VECM. The EKC was 

also detected in India and China on one percent level of significance. The result for 

Brazil was insignificant, and the EKC was rejected for Russia on one percent level of 

significance. The results for Russia were verified by Pao, Yu and Yang (2011), who 

                                                 
5
 1990 to 2005 for Russia 
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added energy use as a new regressor for the same time period. The EKC for CO2 was 

detected in China from 1971 to 2005 using the ARDL by Jalil and Mahmud (2009). 

Like Acaravci and Ozturk (2010), Jalil and Mahmud (2009) stress the importance of 

adding energy consumption to the EKC model. 

Chow and Li (2014) detected the EKC for CO2 in a panel of 132 countries between 

1992 and 2004. Using a “simple” t-test, they avoided the main statistical pitfalls, and 

they claim that their study is conclusive econometric evidence for the existence of the 

EKC for CO2. The actual turning point is not computed, but Anjum et al (2014, p. 5) 

computed its value to be $378,000, which is unachievable. Chow and Li’s (2014) 

theoretical existence of the EKC for CO2 is consistent with results obtained by Anjum et 

al (2014), who use a new model, which allows testing of several approaches (the EKC, 

the IPAT model, convergence analysis and others). However, using data from 143 

countries between 1971 and 2010, they found that the turning points in majority of 

specifications are out of sample and statistically insignificant. They conclude that the 

EKC approach is supported minimally in comparison with other approaches (Anjum et 

al 2014, p. 18).  

Recent studies also examined the effect of the financial crisis, which started in 2008, on 

environmental degradation. Doda (2013) found differences between the speed of CO2 

change during positive and negative economic growth in different countries. Spain’s 

emissions growth rate is more strongly associated with the GDP in periods of GDP 

decline, while the UK and France in periods of GDP growth. The difference between 

countries brings the problem of cross-country heterogeneity, which must be dealt with 

in the estimation. The critique of assuming homogeneity across countries while using 

panel data is also stressed by Aslanidis (2009), who pointed out that countries vary in 

resource endowments, infrastructure, and political, economic and social factors. Wagner 

(2008) concludes that the EKC for CO2 is no longer detectable if the integration of 

variables and cross-sectional dependence are taken into account during the estimation. 

Kaika and Zervas (2013b) summarize the major critique of both early and later studies. 

Generally, recent papers which address the econometric critique by using more 

sophisticated econometric estimation techniques, find only a monotonic relationship 

between carbon emissions and economic development (Anjum et al 2014, p. 5). 
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IV. The European Environmental Kuznets Curve 

In Chapter III, we introduced the EKC in theory. We showed that the basic rationale can 

be valid for any of the EU-15 states and that the majority of critique of the EKC seems 

not to be applicable in the EU-15 states. Furthermore, we went through a literature 

survey and found that the results heavily depend on econometrical technique, data 

availability and data quality. Generally, the EKC was observed more in developing than 

developed countries and the results for the EU-15 states are mixed. In Chapter IV, we 

test the EKC empirically with the data from the EU-15 states. 

The first Section of the fourth Chapter introduces the concrete hypotheses that test the 

Objective and previous studies that are used as a basis for our research. The second 

Section starts with a data summary and then covers pre-estimation testing of data—

stationarity, cointegration and Granger causality. Using the pre-estimation results, the 

testing of the EKC hypothesis is performed in the third Section, and after performing 

post-estimation testing, the results are reported. The last Section consists of the 

interpretation of the results, comparison of the results with other studies and answering 

the Objective.  

 The Introduction into Estimation IV.1.

IV.1.1. Data Availability and Hypotheses 

Testing of the EKC hypothesis is generally performed either on an individual country 

level or using panel datasets. Both ways have their advantages and disadvantages. The 

EKC hypothesis, as a long-term concept, suffers from data availability on individual 

country levels. Data are usually collected annually and the technique of collection 

differs across countries. Consistent and reliable data for the EU-15 states are available 

from the late sixties of last century, but even now, the uncertainties in collecting data 

are on the order of ±8% (Anjum et al 2014, p. 12). For some countries, only recent data 

are available (e.g., from 1990), therefore, the results of testing have low power. If a 

longer data period is available, testing on an individual level reveals more information 

than general testing of panels. The outcomes of testing panel datasets are general and 

cannot be applied to each country in the panel, but the test power is higher due to more 

observations.  

In the thesis, we will test all fifteen EU-15 countries—Austria, Belgium, Denmark, 

Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, 

Spain, Sweden, and the United Kingdom—on an individual country level as well as in a 

panel setting. The results from previous research are mixed and ambiguous and the 

discussion about the validity of the EKC hypothesis is still open. Our hypotheses are set 

up to address the validity of the EKC in the EU-15 countries and demonstrate that the 

EKC may not be valid for the whole panel but may be valid for some countries in the 

panel. 
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The three main hypotheses, which the thesis examines, are: 

1. The EKC hypothesis for CO2 emissions is not valid for the panel of the EU-15 

countries.  

2. The EKC hypothesis for CO2 emissions is valid for at least three of the EU-15 

countries.  

3. The EKC hypothesis for CO2 emissions is not valid for at least three of the EU-

15 countries.  

All three hypotheses are set up to address the Objective of the thesis as stated in 

Introduction:  

In the EU-15 states, GHG2020T and its measures are necessary to limit the 

environmental degradation caused by excessive GHG emissions. 

IV.1.2. Model Background 

All three hypotheses will be examined using a relatively new technique proposed by 

Narayan and Narayan (2010), which uses the comparison of short- and long-run income 

elasticity. “If the long-run income elasticity is smaller than the elasticity in the short 

run, then this implies that over time income leads to less carbon dioxide emissions.” 

(Narayan & Narayan 2010, p. 662). The EKC hypothesis is supported if the long-run 

income elasticity is negative. The main advantage over other techniques is mitigating 

the problem of collinearity or multicollinearity, which arises when using the model with 

income squared and income cubed (Narayan & Narayan, 2010, p. 661). As Jaunky 

(2011) using the same technique states: 

“Although the suggestion of Narayan and Narayan (2010) is innovative and intuitively 

appealing, it overlooks the importance of any causal relationship between CO2 

emissions and income. Reverse causality can lead to biased and inconsistent estimates.” 

(Jaunky 2011, p. 1230). 

Therefore, the Narayan and Narayan approach will be extended with Granger causality 

testing, which should reveal the direction of causation effect between CO2 emissions 

and economic development as Jaunky (2011) suggested.  

Narayan and Narayan (2010) and Jaunky (2011) first examined stationarity and 

cointegration using the panel data. They explained that testing on an individual country 

level is limited by short time periods and the results would not be reliable. Their panel 

data results indicate that the data series are integrated of order one and cointegrated. 

Applying these properties on individual country levels, they examined the EKC 

hypothesis using VECM. Therefore, their results must be interpreted with caution.  

Generally, the optimal model depends on stationarity and cointegration in data series. If 

the data series are integrated of order zero, the techniques using OLS are used. If the 

data series are integrated of order one and not cointegrated, vector autoregression model 

(VAR) techniques are used. If the data series are integrated of order one and 

cointegrated, VECM techniques are used, and if the stationarity and/or cointegration 
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properties of data are not ambiguous, another suitable technique like ARDL, is used. To 

determine the suitable econometrical model for testing the EKC hypothesis, unit root 

tests and cointegration tests must be performed first.  

 Primary Analysis and Data IV.2.

IV.2.1. The Income Elasticity Equation 

Equation IV-1 will be used as a basis for determining the income elasticity of CO2 

emissions for each country: 

Equation IV-1 

𝐿𝑁𝐶𝑂𝑃𝑡 =  𝛼 + 𝛽𝐿𝑁𝐺𝐷𝑃𝑡 + 휀𝑡, 

where LNCOP is the natural logarithm of CO2 emissions in metric tons per capita 

(COPMT) and LNGDP is the natural logarithm of GDP per capita in constant 2005 US 

dollars (GDPUS). 

IV.2.2. Data Description 

Data were downloaded from World Bank Development Indicator Database
6
. 

Individual Country Level 

Our data set consists of annual data covering the period from 1970 to 2010 for all 

EU-15 states except Germany, and from 1991 to 2010 for Germany. The sample period 

is dictated by data availability as in other studies, e.g., Narayan and Narayan (2010), 

Pao and Tsai (2010) or Jaunky (2011).  

The data series in untransformed form (i.e., non-logarithmic) are summarized in Table 

IV-1. The summary of transformed data (i.e., in logarithms) is in Table A-1 in the 

Appendix. 

Table IV-1: Data Summary of Individual Countries, Untransformed 

COPMT Mean Median Maximum Minimum Std. dev. Num. of obs. 

AUSTRIA 7.744 7.721 9.023 6.789 0.574 41 

BELGIUM 11.535 11.201 14.255 9.651 1.338 41 

DENMARK 10.574 10.571 13.035 8.058 1.267 41 

FINLAND 10.674 10.651 13.215 8.562 1.124 41 

FRANCE 7.227 6.747 9.703 5.516 1.271 41 

GERMANY 10.193 10.097 11.623 8.941 0.656 20 

GREECE 6.607 7.160 8.895 2.748 1.768 41 

IRELAND 8.733 8.737 11.420 6.565 1.397 41 

ITALY 7.085 6.892 8.196 5.513 0.704 41 

LUXEMB. 26.360 24.599 40.590 17.320 6.496 41 

NETHERL. 10.920 10.779 13.379 9.385 0.835 41 

PORTUGAL 4.093 4.227 6.413 1.758 1.526 41 

SPAIN 5.928 5.743 8.097 3.458 1.145 41 

SWEDEN 7.318 6.526 11.486 4.704 1.936 41 

UN. KING. 9.858 9.823 11.823 7.629 0.998 41 

                                                 
6
 Our data set is available for downloading at: https://dl.dropboxusercontent.com/u/35532612/data.rar 

https://dl.dropboxusercontent.com/u/35532612/data.rar
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GDPUS Mean Median Maximum Minimum Std. dev. Num. of obs. 

AUSTRIA 28094.57 28040.43 39895.11 16196.31 7043.38 41 

BELGIUM 27753.67 28076.39 37582.66 17051.23 6230.09 41 

DENMARK 36988.09 36443.83 49554.91 24791.47 7815.88 41 

FINLAND 26947.30 25706.72 40712.85 15539.44 7259.93 41 

FRANCE 27036.66 27801.05 34982.05 17234.80 5262.87 41 

GERMANY 32369.10 32784.29 36468.96 28959.03 2443.21 20 

GREECE 16385.48 15384.04 23493.23 10587.21 3351.42 41 

IRELAND 26844.23 22185.47 51001.54 11629.11 13528.94 41 

ITALY 24281.23 25576.15 31764.76 14640.30 5417.91 41 

LUXEMB. 52034.06 50608.47 87716.73 27220.64 20017.14 41 

NETHERL. 30100.30 29283.09 42467.27 19812.71 6992.86 41 

PORTUGAL 13449.39 13767.42 18896.96 7235.73 3869.68 41 

SPAIN 18886.11 18806.93 26927.37 11332.91 4879.83 41 

SWEDEN 30961.97 29907.45 43649.96 21748.03 6638.41 41 

UN. KING. 26994.27 25780.73 40230.96 16837.93 7516.07 41 

Source: Author's computations 

 

The summary reveals that the biggest producers of COPMT are Benelux countries, 

while the smallest are southern EU countries—Italy, Greece, Spain and Portugal. It may 

be explained by the lesser need for heat production and more suitable conditions for 

RES, mainly solar-based. Similar results are revealed in the case of GDPUS, where 

Luxembourg, Denmark and Germany have the highest values while southern countries 

have the lowest values.  

Panel level 

Two panel datasets are used in the thesis: 

1. Panel A is an unbalanced panel, which consists of Austria, Belgium, Denmark, 

Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, 

Portugal, Spain, Sweden, and the United Kingdom  over the 1970 to 2010 

period. 

2. Panel B is a balanced panel, which consists of same countries as Panel A, except 

Germany. The time period is the same as in Panel A.  

The choice of panels was determined by the hypothesis being examined. The EKC 

hypothesis is a long-term phenomenon, which would hardly be observed in the balanced 

panel from 1991 to 2010, which would include Germany. Therefore, Panel B was set up 

as a robustness check of Panel A, even though Germany is missing.  

Table IV-2 summarizes the untransformed data in Panel A, and Table A-2 in the 

Appendix summarizes the transformed data in Panel A and all of the data in Panel B 

(transformed and untransformed). 

The data reveal that in the case of COPMT, the greater part of the standard deviation is 

present across countries and the smaller part over time. However, in the case of 

GDPUS, the variation is almost comparable over time and between countries.  It means 

that COPMT varies mainly between countries, but over time the changes are much 

smaller, while GDPUS vary both over time and between countries.  
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Table IV-2: Data Summary of Panel A, Untransformed 

    Panel A     

    COP   GDP 

Mean 
 

9.638 
 

27588.510 

Median 
 

8.797 
 

25706.720 

Maximum 
 

40.590 
 

87716.730 

Minimum 
 

1.758 
 

7235.732 

Std. dev. overall 
 

5.420 
 

12035.310 

Std. dev. between 
 

5.092 
 

8935.856 

Std. dev. within 
 

2.072 
 

8378.614 

Num. of obs.   594   615 

Source: Author's computations 

 

IV.2.3. Unit Root Tests 

Unit root tests are used to examine the stationarity of data series. Using Wooldridge’s 

Glossary, a stationary process is defined as: “A time series process where the marginal 

and all joint distributions are invariant across time.” (Wooldridge 2002, p. 803). 

Intuitively, it means that statistical properties such as mean, variance and others are all 

constant over time. If a time series is non-stationary, i.e., integrated of order different 

than zero, usual OLS method may produce invalid estimates and the regression would 

be spurious. 

Individual Country Level 

Three unit root tests are used to determine the order of integration: Augmented Dickey-

Fuller test (ADF), Kwiatkowski–Phillips–Schmidt–Shin test (KPSS) and Perron test 

(PER)
7
. The main difference between ADF and KPSS is the null hypothesis. ADF, as an 

autoregressive unit root test, tests the null hypothesis of a time series being integrated of 

order one; while KPSS, as a stationary unit root test, tests the null hypothesis of a time 

series being integrated of order zero. Neither ADF nor KPSS allows for structural 

breaks, therefore, PER is tested in three specifications with the null hypotheses: a time 

series has a unit root with a structural break a) in the intercept, b) in the trend, and c) in 

both.  

Table IV-3 summarizes the results for chosen unit root test specifications—ADF and 

KPSS with a constant and a trend, and PER with a structural break in the trend. The 

results for other specifications are reported in Table A-3 in the Appendix. 

Table IV-3: Chosen Unit Root Tests for Individual Countries 

      ADF (C+T)   KPSS (C+T)   PER (break in T) 

      t-value p-value Lags   Value   Value 

AUSTRIA LNCOP 
 

-3.661 0.037' 0 
 

0.094 
 

-4.200 

                                                 
7
 For the theory behind the unit root tests see: for ADF: Dickey and Fuller (1979) and Asteriou and Hall 

(2007, p. 297);  for KPSS: Kwiatkowski et al (1992); for PER: Perron (1997).  
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LNGDP 

 
-2.713 0.237 1 

 
0.178' 

 
-3.942 

BELGIUM LNCOP 
 

-2.314 0.416 0 
 

0.094 
 

-2.804 

 
LNGDP 

 
-2.109 0.524 0 

 
0.167' 

 
-3.923 

DENMARK LNCOP 
 

-3.997 0.017' 0 
 

0.114 
 

-4.919' 

 
LNGDP 

 
-1.786 0.691 1 

 
0.157' 

 
-3.131 

FINLAND LNCOP 
 

-4.383 0.007* 1 
 

0.043 
 

-4.510" 

 
LNGDP 

 
-3.699 0.0342' 1 

 
0.075 

 
-3.679 

FRANCE LNCOP 
 

-2.941 0.160 0 
 

0.114 
 

-3.935 

 
LNGDP 

 
-2.078 0.541 1 

 
0.193' 

 
-3.687 

GERMANY LNCOP 
 

-3.758 0.043' 0 
 

0.094 
 

-5.200' 

 
LNGDP 

 
-4.101 0.024' 1 

 
0.055 

 
-3.819 

GREECE LNCOP 
 

-2.635 0.267 0 
 

0.219* 
 

-4.532" 

 
LNGDP 

 
-2.175 0.489 1 

 
0.128" 

 
-4.042 

IRELAND LNCOP 
 

-0.742 0.962 0 
 

0.109 
 

-2.811 

 
LNGDP 

 
-1.783 0.693 1 

 
0.126" 

 
-2.236 

ITALY LNCOP 
 

-1.125 0.911 0 
 

0.122" 
 

-3.415 

 
LNGDP 

 
0.288 0.997 2 

 
0.233* 

 
-2.589 

LUXEMB. LNCOP 
 

-2.169 0.492 1 
 

0.138" 
 

-2.273 

 
LNGDP 

 
-1.874 0.648 1 

 
0.107 

 
-2.667 

NETHERL. LNCOP 
 

-2.840 0.192 0 
 

0.089 
 

-3.465 

 
LNGDP 

 
-2.449 0.350 1 

 
0.114 

 
-3.376 

PORTUGAL LNCOP 
 

-0.131 0.992 0 
 

0.152' 
 

-3.070 

 
LNGDP 

 
-2.749 0.223 1 

 
0.121" 

 
-2.915 

SPAIN LNCOP 
 

-1.309 0.871 0 
 

0.067 
 

-2.313 

 
LNGDP 

 
-3.082 0.124 1 

 
0.079 

 
-3.311 

SWEDEN LNCOP 
 

-2.467 0.341 0 
 

0.172' 
 

-4.291 

 
LNGDP 

 
-2.616 0.275 1 

 
0.107 

 
-3.725 

UN. KING. LNCOP 
 

-2.683 0.248 0 
 

0.105 
 

-3.423 

  LNGDP   -2.635 0.267 1   0.114   -3.492 

Note: *, ' and " denote 1%, 5% and 10% significance levels. C and T denote constant and trend. The optimal 
number of lags was selected using the Schwarz information criterion with a maximum lag length of 9 (4 for 

Germany). ADF's null hypothesis: Data series has a unit root. KPSS's null hypothesis: Data series is 

stationary. The critical values of 1%, 5% and 10% for KPSS are 0.216, 0.146 and 0.119. PER's null 

hypothesis: Data series has a unit root. The critical values of 1%, 5% and 10% for PER with break in T 
are -5.450, -4.830 and -4.480. 

Source: Author's computations 

 

The results of the tests are ambiguous and inconclusive. Observing results with a trend 

included, ADF failed to reject the null hypothesis for the majority of countries; 

therefore, countries’ data series are integrated of order one. However, KPSS indicates 

the opposite. PER rejected the null hypothesis with a structural break in trend in the 

case of LNCOP in four countries, but the results for Germany must be interpreted with 

caution because we do not have enough observations. The results from Table A-3 in the 

Appendix, where a trend was not included are inconclusive as well. KPSS indicates the 

stationarity in both variables in all states except Netherlands’ LNCOP, while ADF 

results support the non-stationarity (mainly in LNGDP). Using PER, the null hypothesis 

of the unit root in either intercept or intercept and trend was rejected in several cases.  
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Generally, looking only at the results in Table IV-3, the integration of order zero for 

LNCOP was confirmed consistently in Denmark, Finland, and Germany and nowhere 

for LNGDP. The integration of order one for LNCOP was confirmed in Italy, 

Luxembourg, Portugal and Sweden and for LNGDP in Austria, Belgium, Denmark, 

France, Greece, Ireland, Italy and Portugal. However, incorporating overall results even 

from Table A-3 in the Appendix, the integration of order zero was not confirmed 

anywhere, and the integration of order one was confirmed only in the half of cases. The 

results for Austria, Belgium, Finland, Germany, Italy and Sweden are contraindicative.   

We were unable to determine whether the data series of individual countries are 

integrated of order zero or one conclusively, but we will test the series in the first 

differences to at least confirm whether integration of order one is the maximum order of 

integration. The first difference is tested only with a constant because the trend should 

be differenced. PER was replaced by Phillips-Perron test (PP)
8
, which has the same null 

hypothesis as ADF, but it is non-parametric, therefore it does not need lags to be 

selected. The results are summarized in Table IV-4.  

Table IV-4: First Difference Unit Root Tests for Individual Countries 

      ADF (C)   KPSS (C)   PP (C) 

      t-value p-value Lags   Value   Value 

AUSTRIA LNCOP 
 

-7.949 0.000* 0 
 

0.059 
 

-8.338 

 
LNGDP 

 
-4.338 0.001* 1 

 
0.488' 

 
-5.332 

BELGIUM LNCOP 
 

-6.575 0.000* 0 
 

0.067 
 

-6.571 

 
LNGDP 

 
-5.555 0.000* 0 

 
0.523' 

 
-5.539 

DENMARK LNCOP 
 

-8.558 0.000* 0 
 

0.048 
 

-10.388 

 
LNGDP 

 
-4.874 0.000* 0 

 
0.266 

 
-4.808 

FINLAND LNCOP 
 

-6.349 0.000* 0 
 

0.298 
 

-8.86 

 
LNGDP 

 
-3.872 0.005* 0 

 
0.116 

 
-3.505' 

FRANCE LNCOP 
 

-7.444 0.000* 0 
 

0.079 
 

-7.514 

 
LNGDP 

 
-4.389 0.001* 0 

 
0.552' 

 
-4.297 

GERMANY LNCOP 
 

-6.192 0.000* 0 
 

0.104 
 

-6.470 

 
LNGDP 

 
-3.940 0.011' 4 

 
0.229 

 
-5.461 

GREECE LNCOP 
 

-4.944 0.000* 0 
 

0.790" 
 

-4.944 

 
LNGDP 

 
-4.323 0.002* 0 

 
0.152 

 
-4.227 

IRELAND LNCOP 
 

-6.717 0.000* 0 
 

0.272 
 

-6.626 

 
LNGDP 

 
-2.673 0.088" 0 

 
0.145 

 
-2.652" 

ITALY LNCOP 
 

-5.466 0.000* 0 
 

0.380' 
 

-5.452 

 
LNGDP 

 
-4.830 0.000* 0 

 
0.677" 

 
-4.821 

LUXEMB. LNCOP 
 

-4.768 0.000* 0 
 

0.179 
 

-4.795 

 
LNGDP 

 
-4.456 0.001* 0 

 
0.154 

 
-4.478 

NETHERL. LNCOP 
 

-6.200 0.000* 0 
 

0.133 
 

-6.521 

 
LNGDP 

 
-4.058 0.003* 1 

 
0.106 

 
-4.465 

PORTUGAL LNCOP 
 

-1.973 0.297 2 
 

0.392' 
 

-5.543 

 
LNGDP 

 
-4.327 0.002* 3 

 
0.23 

 
-3.758 

SPAIN LNCOP 
 

-4.231 0.002* 0 
 

0.324 
 

-4.269 

                                                 
8
 For the theory behind PP, see Phillips and Perron (1988) and  Asteriou and Hall (2007, p. 297). 
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LNGDP 

 
-2.735 0.077" 0 

 
0.185 

 
-2.709" 

SWEDEN LNCOP 
 

-8.401 0.000* 0 
 

0.212 
 

-8.393 

 
LNGDP 

 
-4.464 0.001* 0 

 
0.059 

 
-4.262 

UN. KING. LNCOP 
 

-7.610 0.000* 0 
 

0.148 
 

-7.737 

  LNGDP   -4.468 0.001* 1   0.128   -3.93 

Note: *, ' and " denote 1%, 5% and 10% significance levels. C denotes constant. The optimal number 
of lags was selected using the Schwarz information criterion with a maximum lag length of 9 (4 for 

Germany). ADF's null hypothesis: Data series has a unit root. KPSS's null hypothesis: Data series is 

stationary. The critical values of 1%, 5% and 10% for KPSS are 0.739, 0.463 and 0.347. PP's null 

hypothesis: Data series has a unit root. The critical values of 1%, 5% and 10% for PP are -3.610, -
2.939 and -2.608. 

Source: Author's computations 

 

The results are more conclusive than in the level form testing, but KPSS still opposes 

both ADF and PP tests in seven out of thirty cases. However, both ADF and PP rejected 

the null hypothesis of integration of order one of first differences; therefore, with 

caution, we can assume that the maximum order of integration is one.  

Panel level 

The panel of four unit root tests is used to determine the order of integration: Levin, Lin 

and Chu (LLC), Breitung (BR), Im, Pesaran and Shin (IPS) and Pesaran (PN)
9
. As 

Jaunky (2011, p. 1231) recommends, several unit root tests should be performed to 

determine the integration properties of the panel data because each test “is devoid of 

some statistical shortcomings, in terms of size and power properties.” (Jaunky 2011, 

p. 1231). LLC and BR tests assume that all panels have the same autoregressive 

parameter, while LLC allows that each panel to have its own coefficient in 

autoregressive process. All three tests are considered to be the first generation unit root 

tests by Wagner (2008) and Hlouskova and Wagner (2006) because they suffer from 

possible presence of cross-sectional dependence. To address the critique, the PN is 

employed as a unit root test of the second generation.  

LLC and BR test the null hypothesis that all panels have a unit root against the 

alternative hypothesis that all panels are stationary, while IPS and PN test the null 

hypothesis that all panels have a unit root against the alternative hypothesis that some 

panels are stationary.  Table IV-5 summarizes the results for Panel A in the level form 

with a constant and a trend, and in the first difference form with a constant. All other 

specifications are reported in Table A-4 in the Appendix. The results indicate that both 

data series in Panel A are integrated of order one. The same results were obtained for 

panel B. 

IV.2.4. Cointegration Tests 

Using Wooldridge’s Glossary, cointegration is defined as: “The notion that a linear 

combination of two series, each of which is integrated of order one, is integrated of 

order zero.” (Wooldridge 2002, p. 792). Intuitively, it means a stable long-run 

relationship between two series. If two series are cointegrated, suitable econometrical 

                                                 
9
 For the theory behind the unit root tests see: for LLC: Levin, Lin and Chu (2002); for BR: Breitung 

(2001); for IPS: Im, Pesaran and Shin (2003); for PN: Pesaran (2007).  
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methods must be used; otherwise, potential valuable information about the long-run 

relationship would be destroyed (Baltagi 2011, p. 384). 

Table IV-5: Chosen Panel Unit Root Tests 

    Panel A         

  

Level (C+T)  
 

FD (C)  

    LNCOP LNGDP   LNCOP LNGDP 

LLC 
t-statistic 

(p-value) 

0.474 

(0.682) 

1.136 

(0.872)  

-18.728 

(0.000)* 

-13.705 

(0.000)* 

BR 
λ-tatistic 

(p-value) 

3.399 

(1.000) 

3.117 

(0.999)  
NA NA 

LPS 
t-statistic 

(p-value) 

-1.267 

(0.103) 

0.191 

(0.576)  

-19.949 

(0.000)* 

-12.760 

(0.000)* 

PN 

t-value 

[Z-value] 

(p-value) 

NA 

[-1.199] 

(0.115) 

-2.011 

[1.450] 

(0.926) 

  

NA 

[-15.859] 

(0.000)* 

-4.098 

[-9.591] 

(0.000)* 

Note: * denotes 1% significance level. C, T and FD denote constant, trend 

and first differences. The optimal number of lags was selected using the 
Schwarz information criterion with a maximum lag length of 6 (4 for 

Germany). Null hypothesis: All panels have a unit root. 

Source: Author's computations 

 

Individual Country Level 

The standard cointegration tests require the data series to be integrated of order one. 

Individual country results do not satisfy the requirement, but panel results indicate the 

integration of order one. In the thesis, we will test the cointegration on an individual 

country level with a non-standard test—Autoregressive Distributed Lag Bounds 

Cointegration test (ARDLBC). ARDLBC allows some data series to be integrated of 

order zero and some of order one, but it is still valid if all data series are integrated of 

order zero or all integrated of order one. The results will have to be interpreted with 

caution because forty-one observations
10

 for individual countries may not be sufficient 

to verify cointegration, which is a long-run relationship between variables. 

The ARDLBC was first introduced by Pesaran, Shin and Smith (2001) and it is used as 

an alternative to general cointegration tests. It allows for a different number of lags for 

each variable and allows different orders of integration. Firstly, we set a general model 

for each country: 

Equation IV-2 

∆𝐿𝑁𝐶𝑂𝑃𝑡 = 𝛼0 + ∑ 𝛼𝑖∆𝐿𝑁𝐶𝑂𝑃𝑡−𝑖

𝑝

𝑖=1

+ ∑ 𝛽𝑗∆𝐿𝑁𝐺𝐷𝑃𝑡−𝑗

𝑞

𝑗=0

+ 𝛾𝐿𝑁𝐶𝑂𝑃𝑡−1 + 𝛿𝐿𝑁𝐺𝐷𝑃𝑡−1 + 휀𝑡  

The optimal number of lags (p and q) is determined by the Schwarz information 

criterion
11

. The number of lags must be adjusted if the errors are not serially 

independent. The three main conditions to satisfy are—integration of order one or less, 

the serial independence of errors, and the dynamic stability of the model. All three 

                                                 
10

 Twenty for Germany. 
11

 For the theory behind Schwarz information criterion see Schwarz (1978). 



      

34 

 

conditions are satisfied—the results of the Breusch-Godfrey serial correlation LM test 

and the Cusum and CusumSq (dynamic stability) tests are reported in Table A-5 and 

Figure A-1 in the Appendix. The results from the CusumSq tests indicate that all states 

except Germany, Ireland, Netherlands and Portugal are dynamically stable. However 

the deviations from the five percent critical lines are minor and the results from the 

Cusum tests significantly confirmed that all models are dynamically stable.  

Table A-5 also contains the results from Jarque-Bera normality and autoregressive 

conditional heteroskedasticity (ARCH) tests. The normality of residuals was confirmed 

in all countries except Denmark, Ireland and Netherlands. However, in empirical VARs 

and VECMs, Juselius (2006) stresses that the residuals do not have to be normally 

distributed if it is caused by excess kurtosis. The ARDL is a conditional VECM and the 

kurtosis of three states is excessive, therefore, the normality of residuals is satisfied. 

Homoskedasiticity of residuals was confirmed in all countries except Germany, where it 

is caused by the limited number of observations. The models for all countries except 

Germany, which suffers from data insufficiency, are valid.  

The null hypothesis of no cointegration, 𝐻0: 𝛾 =  𝛿 = 0, is tested against the alternative,

𝐻𝐴: 𝛾 ≠ 0, 𝛿 ≠ 0 , with F-test with nonstandard distribution of the test statistic. The 

original critical values provided by Pesaran, Shin and Smith (2001) were recalculated 

for small samples by Narayan (2005). If the F-value is greater than the upper bound 

critical value on a certain level of significance, the variables are integrated of order one 

and cointegrated. If the F-value is lower than the lower bound critical value on a certain 

level of significance, the variables are integrated of order zero and by definition not 

cointegrated. If the F-value falls between lower and upper bound critical values, the test 

is inconclusive on a respective level of significance. The results with the critical values 

are reported in Table IV-6. 

From the results, we may conclude that only data series for Denmark, Finland and 

Greece are cointegrated on ten, five and one percent levels of significance, respectively. 

Data series from other countries are integrated of order zero. The ARDLBC results 

contradict our unit root test results. The unit root tests suffer from insufficient numbers 

of observations.  

Table IV-6: ARDLBC Results 

  ARDL Specification F-value Conclusion 

AUSTRIA (1, 3) 3.485 I(0) 

BELGIUM (1, 1) 2.508 I(0) 

DENMARK (1, 1) 5.188 Integrated" 

FINLAND (1, 1) 8.364 Integrated' 

FRANCE (1, 1) 2.415 I(0) 

GERMANY (1, 1) 1.210 I(0) 

GREECE (3, 1) 16.837 Integrated* 

IRELAND (1, 1) 3.938 I(0) 

ITALY (1, 1) 0.812 I(0) 

LUXEMB. (1, 1) 1.087 I(0) 

NETHERL. (1, 1) 2.996 I(0) 

PORTUGAL (2, 3) 2.350 I(0) 

SPAIN (1, 1) 0.585 I(0) 
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SWEDEN (1, 1) 1.245 I(0) 

UN. KING. (1, 1) 1.531 I(0) 

       Significance Level Lower bound I(0) Upper bound I(I) 

 1% 7.625 8.825 

 5% 5.260 6.160 

 10% 4.235 5.000 

Note: *, ' and " denote 1%, 5% and 10% significance levels. The optimal number of 

lags was selected using the Schwarz information criterion with a maximum lag length 
of 6 (2 for Germany). The critical values for Germany are not reported because they 

are higher than reported critical values and German F-statistics is lower than reported 

critical values. 

Source: Author's computations 

Panel level 

As both variables in both panels are integrated of the same order, basic panel 

cointegration tests can be performed. Two cointegration tests are used: Pedroni and 

Westerlund
12

. Pedroni’s residual based test employs seven statistics for testing the null 

hypothesis of no cointegration. The alternative hypothesis for the group statistics (ρ, pp 

and adf) is that the panel is cointegrated as a whole while the alternative for the panel 

statistics (ν, ρ, pp and adf) is that at least one element of the panel is cointegrated. The 

same null and alternative hypotheses are used for Westerlund’s group statistics (group t 

and a) and panel statistics (panel t and a).  

The cointegration tests are performed in two specifications – with a constant, and with a 

constant and a trend. The results are reported in Table IV-7 for Panel A and in Table A-

6 in the Appendix for Panel B.  

Table IV-7: Panel Cointegration Tests 

Panel A             

Pedroni     
 

Westerlund     

Statistic Value (C) Value (C+T) Statistic Value (C) Value (C+T) 

Panel ν 

(p-value) 

1.613 

(0.053)' 

-0.735 

(0.769) 

 

Group t 
[Z-value] 

(p-value) 

(robust p-value) 

-2.821 
[-4.478] 

(0.000)* 

(0.000)* 

-4.512 
[-10.395] 

(0.000)* 

(0.059)" Panel ρ 
-1.965 

(0.025)' 

-0.387 

(0.350) 

 
Panel pp 

-2.273 

(0.012)' 

-3.352 

(0.000)* 

 

Group a 
-12.435 
[-3.740] 

(0.000)* 

(0.045)' 

-15.126 
[-1.880] 

(0.030)* 

(0.009)* Panel adf 
-3.501 

(0.000)* 

-4.605 

(0.000)* 

 
Group ρ 

-0.481 

(0.315) 

-0.534 

(0.297) 

 
Panel t 

-8.507 
[-2.760] 

(0.003)* 

(0.006)* 

-4.512 
[-10.395] 

(0.049)' 

(0.084)" Group pp 
-1.316 

(0.094)" 

-4.685 

(0.000)* 

 
Group adf 

-3.696 

(0.001)* 

-7.692 

(0.000)* 

 
Panel a 

-10.136 

[-4.879] 

(0.000)* 

(0.000)* 

-15.335 

[-4.138] 

(0.000)* 

(0.000)*   
      

Note: * and ' denote 1% and 5% significance levels. C and T denote constant and trend. The optimal 

number of lags was selected using the Schwarz information criterion with a maximum lag length of 6. 

Null hypothesis: LNCOP and LNGDP are cointegrated. 

Source: Author's computations 

                                                 
12

 For the theory behind the cointegration tests see: for Pedroni: Pedroni (2009); for Westerlund: 

Westerlund (2007). 
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Pedroni (1999, p. 615) states that in the case of a small time dimension in a dataset, adf 

and pp statistics work the best, while ρ and ν statistics work best with higher time 

dimensions. This statement was confirmed with our results, where ρ and ν statistics 

failed to reject the null hypothesis of no cointegration, while adf and pp rejected the null 

hypothesis on one percent level of significance. The results without trend were more 

unambiguous—all statistics rejected the null hypothesis. The results from Panel B 

confirmed the cointegration relationship since only the group ρ statistic failed to reject 

the null hypothesis when a trend was included.  

Pedroni’s test was criticized by Wagner (2008) and Hlouskova and Wagner (2010) for 

not allowing for possible cross-sectional dependence. Westerlund’s test is a second 

generation cointegration test, which allows for the control of cross-sectional 

dependence through bootstrapping. As Westerlund (2007, p. 709) states, “… the tests 

have good small-sample properties with small size distortions and high power relative 

to other residual-based panel cointegration tests.” All test statistics rejected the null 

hypothesis of no cointegration in both specifications. The results from Panel B support 

Panel A’s results when only a constant is included. In a constant and trend specification, 

group t and a statistics failed to reject the null hypothesis.  

For the sake of comparison, ARDLBC was also performed, and the null hypothesis of 

no cointegration was rejected on one percent level of significance in both panels. The 

results from cointegration tests indicate that LNGDP and LNCOP are cointegrated in 

both panels.  

IV.2.5. Granger Causality 

Using Wooldridge’s Glossary, Granger causality is defined as: “A limited notion of 

causality where past values of one series (xt) are useful for predicting future values of 

another series (yt), after past values of yt have been controlled for.” (Wooldridge 2002, 

p. 796). Granger causality testing helps us with the secondary objective of the thesis—

general estimation of the impacts of the measures under GHG2020T. Estimation of 

exact costs of such measures goes beyond the scope of the thesis, but we use a relatively 

simple method to inquire whether there is any causal relationship between CO2 

emissions and GDP, and furthermore whether there are any effects of the measures on 

GDP.  

If no relationship is found, the measures should not have any impact on GDP. If a 

unidirectional causality relationship running from GDP to CO2 emissions is found, the 

basic implication is that “…although economic growth results in increased CO2 

emissions, any effort to reduce them does not restrain the development of the economy.” 

(Iwata, Okada & Samreth 2010, p. 4063).  However, finding a unidirectional causal 

relationship running the other way, “…the implementation of a carbon tax policy or 

carbon caps will impede the level of economic activities.” (Jaunsky 2011, p. 1237). A 

bidirectional causal relationship between GDP and CO2 implies that the measures will 

be only partially effective—the reduction of CO2 emissions will be accomplished 

through the attenuation of economic activity.  
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Individual Country Level 

Because our data are integrated of different orders and may be cointegrated, a Granger 

causality test allowing for those properties must be used. The Toda-Yamamoto 

procedure tests Granger causality “even if the processes may be integrated or 

cointegrated of an arbitrary order.” (Toda & Yamamoto 1995, p. 225). 

Our model is specified as: 

Equation IV-3 

𝐿𝑁𝐶𝑂𝑃𝑡 = 𝛼 + ∑ 𝛽𝑖𝐿𝑁𝐶𝑂𝑃𝑡−𝑖

𝑎+𝑐

𝑖=1

+ ∑ 𝛾𝑗𝐿𝑁𝐺𝐷𝑃𝑡−𝑗

𝑏+𝑐

𝑗=1

+ 휀1 

𝐿𝑁𝐺𝐷𝑃𝑡 = 𝛿 + ∑ 𝜖𝑗𝐿𝑁𝐺𝐷𝑃𝑡−𝑗

𝑏+𝑐

𝑗=1

+ ∑ 𝜃𝑖𝐿𝑁𝐶𝑂𝑃𝑡−𝑖

𝑎+𝑐

𝑖=1

+ 휀2 

The total number of lags is a sum of the optimal number of lags determined using 

Schwarz information criterion (a and b) and the maximum order of integration in the 

system (c). In our case, c is equal to one because the maximum order of integration of 

any variable in the system is one. The optimal number of lags is adjusted to mitigate the 

autocorrelation of residuals, and the models are dynamically stable. The normality and 

homoskedasticity of residuals was confirmed in all models. The null hypothesis that 

LNGDP does not Granger-cause LNCOP is defined as 𝐻0: 𝛾1 =  𝛾2 = ⋯ = 𝛾𝑏 = 0, and 

the null hypothesis that LNCOP does not Granger-cause LNGDP is defined as 𝐻0: 𝜃1 =

 𝜃2 = ⋯ = 𝜃𝑎 = 0. The results are reported in Table A-7 in the Appendix. 

The results indicate that in the majority of countries, there are no Granger causalities. 

There is bidirectional causality between LNCOP and LNGDP in the case of Ireland, 

there is a unidirectional causality running from LNGDP to LNCOP in the cases of 

Greece, Portugal and the United Kingdom, and there is a unidirectional causality 

running from LNCOP to LNGDP in the cases of Austria and Germany. The result for 

Germany must be interpreted with caution because only twenty observations were used, 

and as Zapata and Rambaldi (1997) discuss, the Toda-Yamamoto procedure may suffer 

from a limited number of observations. 

Panel level 

Using the same procedure as on a country level, the results for both panels (reported in 

Table A-7 in the Appendix) reveal a unidirectional causality running from LNGDP to 

LNCOP. The outcome was verified using a direct pairwise Granger test for cointegrated 

variables. 

 Model Estimation IV.3.

IV.3.1. Autoregressive Distributed Lag Model 

Both Narayan and Narayan (2010) and Jaunky (2011) used VECM on an individual 

country level with the assumption that the data are cointegrated and integrated of order 
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one based on the results from panel testing. The results from testing on an individual 

country level in our dataset do not support those assumptions, however the results from 

panel testing do. Therefore, we will use the ARDL. The ARDLBC is in fact a variation 

of ARDL, therefore we will extend our ARDLBC testing. The main advantages of the 

ARDL approach are: 

1. The approach allows for a mixture of variables integrated of order zero and one. 

2. The number of optimal lags may be different across variables.  

3. It is a single equation specification, which is easy to estimate and interpret. 

4. The approach covers both long-run relationship as well as short-run dynamics. 

5. The approach is suitable for individual country level analysis as well as panel 

level analysis.  

Long-run Elasticity 

Using the results from ARDLBC and recalling the Equation IV-2 

∆𝐿𝑁𝐶𝑂𝑃𝑡 = 𝛼0 + ∑ 𝛼𝑖∆𝐿𝑁𝐶𝑂𝑃𝑡−𝑖

𝑝

𝑖=1

+ ∑ 𝛽𝑗∆𝐿𝑁𝐺𝐷𝑃𝑡−𝑗

𝑞

𝑗=0

+ 𝛾𝐿𝑁𝐶𝑂𝑃𝑡−1 + 𝛿𝐿𝑁𝐺𝐷𝑃𝑡−1 + 휀𝑡 

the long-run elasticity can be obtained as 

𝐿𝑜𝑛𝑔 − 𝑟𝑢𝑛 𝑒𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 = 𝜔 =  −
𝛿

𝛾
 

The results from ARDLBC can be interpreted also as significance of 𝜔.  

Short-run Elasticity 

Short-run elasticity can be obtained by replacing the long-run elasticity parameters 

(𝛾 and 𝛿) with an error-correction term (𝐸𝐶𝑇) in the Equation IV-2. The new equation is 

then: 

Equation IV-4 

∆𝐿𝑁𝐶𝑂𝑃𝑡 = 𝛼0 + ∑ 𝛼𝑖∆𝐿𝑁𝐶𝑂𝑃𝑡−𝑖

𝑝

𝑖=1

+ ∑ 𝛽𝑗∆𝐿𝑁𝐺𝐷𝑃𝑡−𝑗

𝑞

𝑗=0

+ 𝜏𝐸𝐶𝑇𝑡−1 + 휀𝑡 

 

where 𝐸𝐶𝑇𝑡−1 is one lagged residual from Equation IV-1. 

The short run elasticity can be obtained as 

𝑆ℎ𝑜𝑟𝑡 − 𝑟𝑢𝑛 𝑒𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 =  𝛽0 

while the speed of correction of any disequilibrium is 

𝑆𝑝𝑒𝑒𝑑 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 = 𝐸𝐶𝑀 = 𝜏 

Generally, the EKC hypothesis is supported when the long-run elasticity is negative. 
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IV.3.2. Results 

The results are reported in Table IV-8 for both individual countries as well as panels. 

Table A-8 in the Appendix reports extended econometrical results. 

Table IV-8: ARDL Results 

    Long-run elasticity Short-run elasticity ECM 

AUSTRIA 
 

0.248 
 

1.009' 
 

-0.443' 

BELGIUM 
 

-0.281 
 

1.052' 
 

-0.233' 

DENMARK 
 

-0.343" 
 

1.084" 
 

-0.594* 

FINLAND 
 

0.183' 
 

0.900' 
 

-0.719* 

FRANCE 
 

-0.613 
 

1.104' 
 

-0.256' 

GERMANY 
 

-0.739 
 

0.202 
 

-0.602 

GREECE 
 

1.101* 
 

0.528" 
 

0.002 

IRELAND 
 

0.267 
 

0.504' 
 

-0.394' 

ITALY 
 

0.547 
 

1.232* 
 

-0.096 

LUXEMB. 
 

0.081 
 

1.025* 
 

-0.072 

NETHERL. 
 

-0.130 
 

0.941" 
 

-0.338' 

PORTUGAL 
 

1.584 
 

0.666' 
 

-0.481' 

SPAIN 
 

-0.011 
 

1.632* 
 

-0.037 

SWEDEN 
 

-0.793 
 

0.675 
 

-0.146 

UN. KING. 
 

-0.294 
 

0.731* 
 

-0.203" 

Panel A 
 

-0.080* 
 

0.962* 
 

-0.034* 

Panel B   -0.075*   0.968*   -0.034* 

Note: *, ' and " denote 1%, 5% and 10% significance levels. The optimal number of lags was selected using the 

Schwarz information criterion with a maximum lag length of 6 (2 for Germany).  

Source: Author's computations 

 

Before the interpretation of results, we went through the necessary tests to confirm that 

the models are valid. The tests for long-run elasticity were performed during the 

ARDLBC procedure and are reported in Table A-5 and Figure A-1 in the Appendix. 

The discussion of the results of those tests was done in during ARDLBC procedure. The 

tests for short-run elasticity are reported in Table A-9 and Figure A-2 in the Appendix. 

We failed to reject the null hypothesis that there is no autocorrelation among residuals 

in all models using the Breusch-Godfrey serial correlation LM test. According to 

Cusum and CusumSq tests, all models are dynamically stable. There are minor 

deviations from five percent critical lines in the case of Spain (Cusum) and in the cases 

of Ireland and Portugal (CusumSq). The Jarque-Bera normality test confirmed the 

normality of error term in all states except Denmark, Ireland and Netherlands, where 

excessive kurtosis was present. Except for Germany, the ARCH heteroskedasiticity test 

failed to reject homoskedasticity of residuals in all models.  

For both panels in both specifications (long-run and short-run elasticities), the tests 

confirmed that the models are dynamically stable, and that there is no serial correlation 

and no heteroskedasticity among of residuals. The normality of error term in both 

specifications was rejected due to excess kurtosis. As discussed during ARLDBC 

testing, according to Juselius (2006), the results are valid. 
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For seven of fifteen countries—Austria, Finland, Greece, Ireland, Italy, Luxembourg 

and Portugal—the long-run elasticity coefficients are positive, but only for Finland and 

Greece are the coefficients statistically significant at five and one percent, respectively. 

For the rest of the countries—Belgium, Denmark, France, Germany, Netherlands, 

Spain, Sweden, and the United Kingdom—the long-run elasticity coefficients are 

negative, but only for Denmark is the coefficient statistically significant at ten percent. 

The statistical significance was obtained from ARDLBC, where a cointegration 

relationship implies statistical significance of the long-run elasticity parameter. In both 

panels, the long-run elasticities are statistically significant at one percent and are 

negative. Generally, the long-run elasticities vary from -0.793 in the case of Sweden to 

1.584 in the case of Portugal. The validity of results for Germany is negatively 

influenced by the limited number of observations. 

All short-run elasticities are positive and the majority of them are statistically 

significant. The only exceptions are Germany and Sweden, when in the case of 

Germany, it can be explained again by a limited number of observations, while in case 

of Sweden, the p-value is less than 0.2, and therefore it is still a probable result.  

The ECM coefficient is expected to be small, negative and significant, which can be 

interpreted as additional proof of a long-term relationship (Jaunky 2011, p. 1239). In the 

majority of cases the expectations were satisfied. The median value is -0.233, which is 

small. All values are negative except the value for Greece, where the ECM is a positive 

zero, but not significant. Other insignificant coefficients are obtained for Germany, 

Italy, Luxembourg, Spain and Sweden. Both panels have positive short-run elasticity 

coefficients and are significant at one percent and small, negative and significant ECM 

coefficients at one percent. 

 Interpretation IV.4.

IV.4.1. The Environmental Kuznets Curve Hypothesis for CO2 

Following Narayan and Narayan (2010), the EKC hypothesis is detected when the long-

run elasticity is negative. If the short-run elasticity is lower than the long-run elasticity, 

CO2 emissions were decreasing over time. If the short-run elasticity is higher than the 

long-run elasticity, the CO2 emissions were increasing over time.  

The EKC was significantly detected only in Denmark at ten percent level of 

significance. Using the assumption as in Narayan and Narayan (2010) that cointegration 

exists on an individual country level because it exists in the whole panel of countries, 

the EKC was detected also in Belgium, France, Germany, Netherlands, Spain, Sweden 

and the United Kingdom. It is referred to as conditional EKC. The EKC hypothesis was 

significantly rejected in Finland and Greece (at five and one percent, respectively) and 

conditionally rejected in Austria, Ireland, Italy, Luxembourg and Portugal. The EKC 

was detected in Panel A as well as in Panel B, which was a robustness check.  

To summarize, the significant EKC was detected in only one out of fifteen states and in 

both panels. The conditional EKC was detected in seven out of fifteen states, and in the 
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remaining seven out of fifteen states, the EKC hypothesis was not confirmed. 

Therefore, our hypotheses can be answered following way: 

1. The EKC hypothesis for CO2 emissions is valid for the panel of the EU-15 

countries.  

2. The EKC hypothesis for CO2 emissions is significantly valid only for one of 

the EU-15 countries. It is conditionally valid for other seven.  

3. The EKC hypothesis for CO2 is significantly rejected only for two of the EU-15 

countries. It is conditionally not valid for other five. 

Comparing the long- and short-run elasticities, in all states except Greece and Portugal, 

CO2 emissions decreased over time. Following the EKC rationale, all states except 

Greece and Portugal are stabilizing CO2 emissions while they prioritize GDP growth 

and other factors (e.g., employment by supporting the high polluting industries). This 

result was confirmed by the examination of our CO2 data series for each state, where all 

states except Greece and Portugal started stabilization of their CO2 emissions around 

1980 to 1985, while their emissions were rising until 2008 and 2005, respectively. Both 

Greece and Portugal are considered “weaker” states of the EU-15, therefore our finding 

that they prioritize GDP growth to environmental quality is not abnormal.  

IV.4.2. Comparison with Other Studies 

Our results are in total conformance with other studies like Hatzigeorgiou, Polatidis and 

Haralambopoulos (2011) who rejected the EKC in Greece, and Iwata, Okada and 

Samreth (2010), who detected the EKC in France. Our results partly support Acaravci 

and Ozturk (2010), who as we did, detected the EKC in Denmark and Germany and 

rejected the EKC in Austria, Finland, Luxembourg, and Netherlands. However, the 

results from Belgium, France, Greece, Sweden and the United Kingdom conflict with 

our results. Another partial intersection of results is with Zanin and Marra (2012), who 

detected the EKC in France as we did and rejected the EKC in Austria, Finland, 

Denmark, Italy and Spain. We rejected the EKC in Austria, Finland and Italy. 

“The possible reasons for the conflicting results are that evidence of EKC hypotheses 

appears to depend vitally on the definition of variables, countries under study, the time 

period and the empirical methodologies employed.” (Jaunky 2011, p. 1239).  

To overcome at least some of the sources of conflicting results, we decided to 

recalculate the estimates using the same technique as Narayan and Narayan (2010) and 

Jaunky (2011). Using VECM with a maximum lag of one, we estimated the long-run 

elasticity and the results are reported in Table IV-9. For the sake of comparison, we also 

estimated the short-run and ECM coefficients, and the results are reported in Table A-

10 in the Appendix. Basic comparison reveals that in the majority of countries, the long-

run estimates are similar; therefore our results seem to be valid. The only exceptions are 

Luxembourg and Spain where the signs are opposite. The conflict may be explained by 

the use of extra lags in our model.  
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Comparison with the results from Jaunky (2011) reveals that both researches confirm 

the EKC in France and the United Kingdom and rejected in Finland, Ireland, Italy and 

Luxembourg. However, we did not confirm the EKC in Austria, Greece and Portugal, 

and Jaunky did not confirm the EKC in Belgium, Denmark, Netherlands, Spain and 

Sweden. The results for Germany are not available for comparison. To sum it up, our 

results agree in six out of fourteen states, and contradict in the rest. This difference may 

be explained by the data period, which Jaunky used: 1980-2005, which is really short 

for efficient estimation. 

Table IV-9: ARDL and Jaunky’s Long-run Elasticities 

  

ARDL Long-

run Elasticity 

Jaunky Long-

run Elasticity 

AUSTRIA 0.248 0.219* 

BELGIUM -0.281 -0.337* 

DENMARK -0.343" -0.338* 

FINLAND 0.183' 0.203* 

FRANCE -0.613 -0.798* 

GERMANY -0.739 -0.706* 

GREECE 1.101* 1.200* 

IRELAND 0.267 0.302* 

ITALY 0.547 0.400* 

LUXEMB. 0.081 -0.449* 

NETHERL. -0.13 -0.122 

PORTUGAL 1.584 1.310* 

SPAIN -0.011 0.627* 

SWEDEN -0.793 -0.793* 

UN. KING. -0.294 -0.294* 

Note: * denotes 1% significance level. 

Source: Author's computations 

 

IV.4.3. The Objectives 

The Objective 

In answering the Objective, we will be more conservative with the EKC results and use 

only significant results. Therefore, only in Denmark we can reject the Objective. 

Denmark does not have to adopt any additional measures under GHG2020T to limit 

environmental degradation. The economic development should be sufficient to ensure 

environmental quality. The result for Denmark is not surprising. Denmark has always 

been one of the first to adopt policies aimed at protecting the environment. Together 

with one of the highest GDP per capita from the EU-15 states, both rationales behind 

the EKC are definitely valid. Denmark does not possess many mineral resources; 

therefore, the whole economy is built primarily on services. With one of the highest 

quality educational systems, people are generally well educated and have sufficient 

income to buy luxury environmental goods. In the remaining states—Austria, Belgium, 

Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, 
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Spain, Sweden and the United Kingdom—additional measures to limit environmental 

degradation must be adopted.   

The Secondary Objective – The Impacts 

As it is only in Denmark that additional measures do not have to be adopted, the 

secondary objective of the thesis—the impacts of the measures—must be discussed for 

the remaining EU-15 countries. As discussed in Section IV.2.5, Granger causality 

testing is a useful tool for general answers. In the majority of countries—Belgium, 

(Denmark), Finland, France, Italy, Luxembourg, Netherlands, Spain and Sweden—no 

causal relationship between GDP and CO2 emissions was found. Therefore, the 

implementation of the measures should not lead to any impacts on economic 

development in those countries. Furthermore, an increase in GDP does not necessarily 

mean an increase in CO2 emissions. In the cases of Greece, Portugal, and the United 

Kingdom, a unidirectional causality relationship running from GDP to CO2 emissions 

was detected. Even in those countries, the implementation of the measures should not 

restrain the economic development (Iwata, Okada & Samreth 2010, p. 4063) but an 

increase in GDP will be accompanied by an increase in CO2 emissions. In the cases of 

Austria and Germany
13

, additional measures will negatively influence economic 

development (Jaunky 2011, p. 1237). The bidirectional causal relationship found in 

Ireland implies that the measures will be only partially effective because a reduction of 

CO2 emissions will be caused by the attenuation of economic activity.   

                                                 
13

 Germany’s results must be interpreted with caution due to a limited number of observations.  
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V. Conclusion 

The primary objective of the thesis was to determine whether the measures under 

Greenhouse Gas Emissions target (GHG2020T) are necessary to limit environmental 

degradation in the EU-15
14

 states. GHG2020T is a one of the three targets under the 

Climate Change and Energy Sustainability goal in the EU’s Europe 2020 growth 

strategy for the 2011 to 2020 period. Under GHG2020T, the EU plans to decrease its 

greenhouse gas emissions by twenty percent (or even thirty, if the conditions are right) 

in comparison with the year 1990. Each state may use its own set of measures to fulfill 

its own national target, but generally, the measures are very similar—increasing various 

“environmental” taxes and promoting renewable and environmentally friendly sources. 

Local measures are accompanied by the EU’s conceptual measures, like the Emission 

Trading Scheme. The secondary objective of the thesis was to examine the impacts of 

those measures on economic development in the EU-15 states. We also shortly 

presented the necessity of the combat against the global warming in the EU through 

projections of losses attributable to global warming.  

To answer our primary objective, we used the Environmental Kuznets Curve (EKC) 

hypothesis for carbon dioxide (CO2) emissions as a theoretical framework and 

Autoregressive Distributed Lag model (ARLD) as an econometrical technique. The 

EKC framework is suitable for our research because the main implication from the 

confirmation of the EKC hypothesis is that “…economic growth is sufficient enough to 

safeguard environmental quality.” (Jaunky 2011, p. 1239). Therefore, no additional 

measures (in our case, measures under GHG2020T) are needed. CO2 was chosen as a 

representative of greenhouse gas (GHG) emissions because it is a major GHG which 

contributes more than eighty percent of the EU’s GHG emissions. It was necessary to 

use ARLD because the pre-estimation of our data revealed mixed results in stationarity 

and cointegration.  

For the increase of the validity of our results, we used several modern techniques. First, 

for the EKC testing, we used the relatively new method proposed by Narayan and 

Narayan (2010), which mitigates the common problem of other research—collinearity 

or multicollinearity of variables. Second, we tested the EKC hypothesis both on a 

country level and using panel data. For the panel data, we used the balanced panel as a 

robustness check for the unbalanced one. Third, we used the unit root and cointegration 

tests of second generation according to Wagner (2008). The tests of first generation 

suffer from possible cross-sectional dependence, which decreases the validity of the 

results. Fourth, to address the problem that the results of the EKC hypothesis testing 

depends heavily on the technique used, we tested our data also with the method used by 

Jaunky (2011). The results confirmed our findings in thirteen of the EU-15 states. To 

address the impacts of the measures under GHG2020T on GDP, we used Granger 

causality as a theoretical framework and the Toda-Yamamoto method as an 

                                                 
14

 The term EU-15 refers to the 15 member states of the EU as of December 31, 2003. 
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econometrical technique. Following the research, using Granger causality testing, we 

were able to explore whether the measures would limit economic development or not. 

The Toda-Yamamoto method is a non-standard method which is used when the 

properties of data are mixed. 

Following our EKC hypothesis testing, we showed that only in one of the EU-15 states, 

the EKC hypothesis for CO2 is significantly valid. The EKC was detected in Denmark 

on ten percent levels of significance. In Belgium, France, Germany, Netherlands, Spain, 

Sweden and the United Kingdom, the EKC hypothesis was detected, but insignificantly. 

In Finland and Greece, the EKC hypothesis for CO2 is significantly rejected on five and 

one percent levels of significance, respectively, and in the remaining states—Austria, 

Ireland, Italy, Luxembourg and Portugal—the EKC hypothesis is rejected 

insignificantly. The EKC hypothesis was also detected significantly on one percent 

level of significance in two panels of the EU-15 states—one unbalanced with all states 

and one balanced without Germany. Being conservative, based on the results from the 

EKC hypothesis testing, we concluded that only in Denmark, GHG2020T and its 

measures are not necessary to limit the environmental degradation caused by excessive 

CO2 emissions. In the remaining states, measures aiming at environmental protection 

must be implemented to ensure environmental quality.  

Because only Denmark does not have to adopt the measures, in the remaining states the 

impacts of the measures under GHG2020T on GDP were generally examined. Our 

results showed that adoption of the measures in Belgium, (Denmark), Finland, France, 

Italy, Luxembourg, Netherlands, Spain, and Sweden should not have any impacts on the 

GDP of those states. Furthermore, an increase of GDP does not mean an increase in 

CO2 emissions.  In Greece, Portugal and the United Kingdom, an adoption of the 

measures should not have any impact on GDP but an increase of GDP is accompanied 

by an increase of CO2 emissions (Iwata, Okada & Samreth 2010, p. 4063). In the cases 

of Austria and Germany, adoption of additional measures will negatively influence 

economic development (Jaunky 2011, p. 1237). However, the results for Germany must 

be interpreted with caution due to a limited number of observations. In Ireland, the 

measures’ efficiency will be lower because the reduction of CO2 emissions will be 

obtained partly through the measures and partly from the decreased economic activity.  

The main contribution of the thesis lies in three outcomes, which according to our 

knowledge have not been tested in the EU-15 countries.  

First, we showed that additional measures under GHG2020T are needed in all EU-15 

states except Denmark, where the economic development should be sufficient to secure 

the environmental quality.  

Second, we estimated that except Austria, Germany and Ireland, the measures under 

GHG2020T should not have any impact on economic development in the EU-15 states. 

In Austria, Germany and Ireland, the policy makers must be cautious with the measures 

because they may hinder economic development.  
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Third, we tested the EKC hypothesis in each of the EU-15 states as well as in the panel 

of the EU-15 states with modern econometric techniques, which do not suffer from 

common problems of the EKC research. We found evidence supporting the existence of 

the EKC for CO2 in Belgium, Denmark, France, Germany, Netherlands, Spain, Sweden 

and the United Kingdom.  

Furthermore, our study can be used as a basis for further research in two ways. First, 

using the same method, researchers can study the same objectives in the EU-NEW (i.e., 

the 13 member states of the European Union that joined after December 31, 2003) states 

and then compare the results with our results. Second, researchers can test the validity 

of the EKC hypothesis for other GHGs under GHG2020T. 
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Appendix 

A-I: Data Summary 

Table A-1: Data Summary of Individual Countries, Transformed 

LNCOP Mean Median Maximum Minimum Std. dev. Num. of obs. 

AUSTRIA 2.044 2.044 2.200 1.915 0.074 41 

BELGIUM 2.439 2.416 2.657 2.267 0.113 41 

DENMARK 2.351 2.358 2.568 2.087 0.122 41 

FINLAND 2.362 2.366 2.581 2.147 0.106 41 

FRANCE 1.963 1.909 2.272 1.708 0.170 41 

GERMANY 2.320 2.312 2.453 2.191 0.064 20 

GREECE 1.847 1.969 2.186 1.011 0.306 41 

IRELAND 2.155 2.168 2.435 1.882 0.159 41 

ITALY 1.953 1.930 2.104 1.707 0.101 41 

LUXEMB. 3.245 3.203 3.704 2.852 0.232 41 

NETHERL. 2.388 2.378 2.594 2.239 0.075 41 

PORTUGAL 1.334 1.441 1.858 0.564 0.401 41 

SPAIN 1.761 1.748 2.092 1.241 0.197 41 

SWEDEN 1.959 1.876 2.441 1.548 0.249 41 

UN. KING. 2.283 2.285 2.470 2.032 0.102 41 

 

LNGDP Mean Median Maximum Minimum Std. dev. Num. of obs. 

AUSTRIA 10.211 10.241 10.594 9.693 0.259 41 

BELGIUM 10.206 10.243 10.534 9.744 0.231 41 

DENMARK 10.496 10.504 10.811 10.118 0.217 41 

FINLAND 10.166 10.155 10.614 9.651 0.272 41 

FRANCE 10.186 10.233 10.463 9.755 0.202 41 

GERMANY 10.382 10.398 10.504 10.274 0.075 20 

GREECE 9.685 9.641 10.064 9.267 0.197 41 

IRELAND 10.076 10.007 10.840 9.361 0.496 41 

ITALY 10.071 10.149 10.366 9.592 0.239 41 

LUXEMB. 10.786 10.832 11.382 10.212 0.392 41 

NETHERL. 10.286 10.285 10.656 9.894 0.232 41 

PORTUGAL 9.464 9.530 9.847 8.887 0.300 41 

SPAIN 9.813 9.842 10.201 9.335 0.260 41 

SWEDEN 10.319 10.306 10.684 9.987 0.210 41 

UN. KING. 10.166 10.157 10.602 9.731 0.277 41 

Source: Author’s computations 

Table A-2: Data Summary of Panel B (Untransformed) and Panels A and B (Transformed) 

  Level form   Logarithmic form       

 
Panel B   

 
Panel A     Panel B   

  COP GDP   LNCOP LNGDP   LNCOP LNGDP 

Mean 9.618 27625.520 
 

2.155 10.141 
 

2.149 10.138 

Median 8.655 25605.780 
 

2.174 10.155 
 

2.158 10.151 

Maximum 40.590 87716.730 
 

3.704 11.382 
 

3.704 11.382 

Minimum 1.758 7235.732 
 

0.564 8.887 
 

0.564 8.887 

Std. dev. overall 5.512 12358.830 
 

0.456 0.411 
 

0.463 0.421 

Std. dev. between 5.282 9271.983 
 

0.422 0.315 
 

0.436 0.327 
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Std. dev. within 2.105 8530.680 
 

0.190 0.275 
 

0.193 0.278 

Num. of obs. 574 574   594 615   574 574 

Source: Author's computations 

A-II: Unit Root Tests 

Table A-3: Unit Root Tests for Individual Countries 

    ADF (C)   KPSS (C)   PER   

    t-value p-value Lags Value   V. (break in C) V. (break in C and T) 

AUSTRIA LNCOP -2.926 0.051" 0 
 

0.574' 
 

-4.711 -4.740 

 
LNGDP -2.905 0.054" 0 

 
0.794* 

 
-3.004 -3.698 

BELGIUM LNCOP -1.378 0.583 0 
 

0.567' 
 

-3.464 -3.531 

 
LNGDP -2.766 0.072" 0 

 
0.793* 

 
-2.654 -3.798 

DENMARK LNCOP -2.477 0.129 0 
 

0.729' 
 

-4.903 -5.263 

 
LNGDP -1.768 0.391 0 

 
0.777* 

 
-1.555 -3.107 

FINLAND LNCOP -3.430 0.016' 0 
 

0.542' 
 

-5.231' -5.313" 

 
LNGDP -1.347 0.598 1 

 
0.775* 

 
-5.856' -5.761' 

FRANCE LNCOP -0.705 0.834 0 
 

0.72' 
 

-4.983" -5.001 

 
LNGDP -2.374 0.155 1 

 
0.786* 

 
-2.504 -3.565 

GERMANY LNCOP -0.265 0.913 1 
 

0.626' 
 

-4.606 -4.731 

 
LNGDP -0.427 0.886 0 

 
0.593' 

 
-4.530 -3.824 

GREECE LNCOP -4.775 0.000* 0 
 

0.755* 
 

-3.473 -4.366 

 
LNGDP -1.208 0.661 1 

 
0.731' 

 
-2.877 -3.063 

IRELAND LNCOP -1.764 0.393 0 
 

0.668' 
 

-2.006 -3.109 

 
LNGDP -1.068 0.719 1 

 
0.761* 

 
-3.083 -2.161 

ITALY LNCOP -2.620 0.098" 0 
 

0.674' 
 

-2.050 -3.912 

 
LNGDP -3.387 0.018' 2 

 
0.764* 

 
-0.956 -2.162 

LUXEMB. LNCOP -1.902 0.328 1 
 

0.618' 
 

-2.733 -2.582 

 
LNGDP -0.799 0.808 1 

 
0.772* 

 
-3.071 -2.733 

NETHERL. LNCOP -2.532 0.116 0 
 

0.322 
 

-5.199" -5.699' 

 
LNGDP -0.770 0.816 2 

 
0.789* 

 
-3.723 -3.61 

PORTUGAL LNCOP -2.252 0.192 0 
 

0.745* 
 

-2.255 -2.970 

 
LNGDP -1.289 0.624 4 

 
0.783* 

 
-1.903 -2.306 

SPAIN LNCOP -3.142 0.031' 0 
 

0.671' 
 

-2.280 -2.498 

 
LNGDP -1.405 0.57 1 

 
0.783* 

 
-3.707 -3.581 

SWEDEN LNCOP -1.338 0.602 1 
 

0.735' 
 

-5.138" -5.032 

 
LNGDP -0.169 0.934 0 

 
0.773* 

 
-3.635 -4.436 

UN. KING. LNCOP -0.663 0.845 0 
 

0.769* 
 

-3.674 -3.893 

  LNGDP -0.505 0.879 2   0.779*   -3.504 -3.568 

Note: *, ' and " denote 1%, 5% and 10% significance levels. C and T denote constant and trend. The optimal 

number of lags was selected using the Schwarz information criterion with a maximum lag length of 9 (4 for 

Germany). ADF's null hypothesis: Data series has a unit root. KPSS's null hypothesis: Data series is stationary. The 

critical values of 1%, 5% and 10% for KPSS are 0.739, 0.463 and 0.347. PER's null hypothesis: Data series has a 

unit root. The critical values of 1%, 5% and 10% for PER with break in C are -5.920, -5.230 and -4.920. The 

critical values of 1%, 5% and 10% for PER with break in C and T are -6.320, -5.590 and -5.290. 

Source: Author's computations 
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Table A-4: Panel Unit Root Tests 

 

    Level (C)  

   

Panel A   
 

Panel B   

   

LNCOP LNGDP 
 

LNCOP LNGDP 

LLC 
t-statistic 
(p-value)   

-5.517 
(0.000)* 

-5.572 
(0.000)* 

  
-5.688 

(0.000)* 
-5.135 

(0.000)* 

BR 
λ-tatistic 
(p-value) 

 

NA NA 
 

NA NA 

LPS 
t-statistic 
(p-value) 

 

62.122 
(0.001)* 

56.534 
(0.002)*  

-3.214 
(0.001)* 

38.114 
(0.096)' 

PN 
t-value 
[Z-value] 

(p-value) 

 

NA 
[-3.639] 

(0.000)* 

-2.255 
[-2.000] 

(0.023)' 
 

-2.296 
[-2.092] 

(0.018)' 

-2.001 
[-0.921] 

(0.178) 

                

   

Panel B         

   

Level (C+T) 
 

FD (C)   

   

LNCOP LNGDP 
 

LNCOP LNGDP 

LLC 
t-statistic 

(p-value)   

0.475 

(0.683) 

1.508 

(0.934) 
  

-18.550 

(0.000)* 

-12.907 

(0.000)* 

BR 
λ-tatistic 

(p-value) 

 

3.477 

(1.000) 

3.047 

(0.999)  
NA NA 

LPS 
t-statistic 

(p-value) 

 

-0.796 

(0.213) 

12.819 

(0.994)  

-19.322 

(0.000)* 

176.325 

(0.000)* 

PN 

t-value 

[Z-value] 

(p-value)   

-2.392 

[-0.223] 

(0.412) 

-1.930 

[1.742] 

(0.959) 

  

-5.505 

[-14.867] 

(0.000)* 

-4.351 

[-10.275] 

(0.000)* 

Note: * and ' denotes 1% and 5% significance levels. C, T and FD denote 

constant, trend and first differences. The optimal number of lags was selected 

using the Schwarz information criterion with a maximum lag length of 6 (4 for 
Germany). Null hypothesis: All panels has a unit root. 

Source: Author's computations 

 

A-III: Cointegration Tests 

Table A-5: Assumptions Tests (ARDLBC and Long-run Elasticities) 

      

Breusch-Godfrey 

Serial Correlation 

LM Test   

 Jarque-Bera 

Normality Test    
 ARCH Hetero-

skedasticity Test  

  
ARDL 

Specification 

F-

statistic p-value   

χ²-

statistic p-value   
F-

statistic p-value 

AUSTRIA (1, 3) 
 

0.404 0.752 
 

0.752 0.265 

 

0.554 0.650 

BELGIUM (1, 1) 
 

1.058 0.311 
 

0.311 0.728 

 

0.980 0.329 

DENMARK (1, 1) 
 

0.526 0.474 
 

0.474 0.034' 

 

0.670 0.419 

FINLAND (1, 1) 
 

1.228 0.276 
 

0.276 0.779 

 

0.000 0.987 

FRANCE (1, 1) 
 

0.033 0.857 
 

0.857 0.596 

 

0.004 0.951 

GERMANY (1, 1) 
 

0.140 0.715 
 

0.715 0.842 

 

4.108 0.061' 

GREECE (3, 1) 
 

0.289 0.833 
 

0.833 0.181 

 

0.432 0.732 

IRELAND (1, 1) 
 

0.687 0.413 
 

0.413 0.045' 

 

1.542 0.222 

ITALY (1, 1) 
 

2.537 0.121 
 

0.121 0.577 

 

0.134 0.717 

LUXEMB. (1, 1) 
 

0.038 0.847 
 

0.847 0.287 

 

0.373 0.545 

NETHERL. (1, 1) 
 

1.032 0.317 
 

0.317 0.003* 

 

0.370 0.547 

PORTUGAL (2, 3) 
 

2.232 0.108 
 

0.108 0.874 

 

0.789 0.510 
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SPAIN (1, 1) 
 

0.167 0.686 
 

0.686 0.435 

 

0.147 0.703 

SWEDEN (1, 1) 
 

0.509 0.481 
 

0.481 0.273 

 

0.006 0.938 

UN. KING. (1, 1) 
 

0.134 0.716 
 

0.716 0.122 

 

0.031 0.862 

Note: * and ' denote 1% and 5% significance levels. Breusch-Godfrey Serial Correlation LM Test’s null 

hypothesis: No autocorrelation of the residuals. Jarque-Bera Normality Test’s null hypothesis: Normality 
of error term. ARCH Heteroskedasticity Test’s null hypothesis: Homoskedasticity of residuals. 

Source: Author's computations 

 

Figure A-1: Stability Tests (ARDLBC and Long-run Elasticities) 
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Finland 
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Ireland 
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Table A-6: Panel Cointegration Tests 

Panel B             

Pedroni     
 

Westerlund     

Statistic Value (C) Value (C+T) Statistic Value (C) Value (C+T) 

Panel ν 

(p-value) 

3.822 

(0.000)* 

2.470 

(0.007)* 

 

Group t 

[Z-value] 

(p-value) 

(robust p-
value) 

-2.126 

[-1.401] 

(0.081)" 

(0.056)" 

-2.510 

[-0.717] 

(0.237) 

(0.095)" Panel ρ 
-3.503 

(0.000)* 

-1.839 

(0.033)' 

 
Panel pp 

-3.190 

(0.000)* 

-2.659 

(0.004)* 

 

Group a 
-9.149 

[-1.345] 

(0.089)" 

(0.021)' 

-12.458 
[-0.315] 

(0.376) 

(0.549) Panel adf 
-3.451 

(0.000)* 

-3.331 

(0.000)* 

 
Group ρ 

-2.797 

(0.003)* 

-0.787 

(0.215) 

 
Panel t 

-7.280 
[-1.740] 

(0.041)' 

(0.001)* 

-9.128 
[-1.425] 

(0.077)" 

(0.065)" Group pp 
-2.997 

(0.001)* 

-2.126 

(0.017)' 

 
Group adf 

-2.817 

(0.002)* 

-2.829 

(0.002)* 

 
Panel a 

-7.400 

[-2.483] 

(0.007)* 

(0.000)* 

-12.360 

[-2.134] 

(0.016)' 

(0.045)'   
      

Note: * and ' denotes 1% and 5% significance levels. C and T denote constant and trend. The 

optimal number of lags was selected using Schwarz Information Criterion (SIC) with a maximum 

lag length of 6. Null hypothesis: LNCOP and LNGDP are cointegrated. 

Source: Author's computations 

A-IV: Granger Causality Tests 

Table A-7: Granger Causality Testing 

  Toda-Yamamoto Granger Causality χ2-statistics p-value 

AUSTRIA LNGDP does not Granger cause LNCOP 0.0669 0.7960 

 
LNCOP does not Granger cause LNGDP 3.1733 0.0749" 

BELGIUM LNGDP does not Granger cause LNCOP 0.1242 0.7245 

 
LNCOP does not Granger cause LNGDP 0.5392 0.4628 

DENMARK LNGDP does not Granger cause LNCOP 1.0696 0.3010 

 
LNCOP does not Granger cause LNGDP 0.2438 0.6215 

FINLAND LNGDP does not Granger cause LNCOP 0.1027 0.7486 

 
LNCOP does not Granger cause LNGDP 0.6476 0.4210 

FRANCE LNGDP does not Granger cause LNCOP 0.0813 0.7756 

 
LNCOP does not Granger cause LNGDP 0.4419 0.5062 

GERMANY LNGDP does not Granger cause LNCOP 0.2597 0.6103 

 
LNCOP does not Granger cause LNGDP 5.5676 0.0183' 

GREECE LNGDP does not Granger cause LNCOP 6.2086 0.0127' 

 
LNCOP does not Granger cause LNGDP 0.3649 0.5458 

IRELAND LNGDP does not Granger cause LNCOP 11.7432 0.0006* 

 

LNCOP does not Granger cause LNGDP 5.1403 0.0234' 

ITALY LNGDP does not Granger cause LNCOP 0.6454 0.4218 

 

LNCOP does not Granger cause LNGDP 0.7389 0.3900 

LUXEMB. LNGDP does not Granger cause LNCOP 0.3687 0.5437 

 

LNCOP does not Granger cause LNGDP 0.0609 0.8051 

NETHERL. LNGDP does not Granger cause LNCOP 0.1330 0.7154 

 

LNCOP does not Granger cause LNGDP 0.0192 0.8897 

PORTUGAL LNGDP does not Granger cause LNCOP 8.9277 0.0028* 

 

LNCOP does not Granger cause LNGDP 0.0253 0.8736 

SPAIN LNGDP does not Granger cause LNCOP 1.8116 0.4042 

 

LNCOP does not Granger cause LNGDP 1.4810 0.4767 
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SWEDEN LNGDP does not Granger cause LNCOP 1.1719 0.2790 

 

LNCOP does not Granger cause LNGDP 2.5000 0.1138 

UN. KING. LNGDP does not Granger cause LNCOP 3.1477 0.076" 

 
LNCOP does not Granger cause LNGDP 1.7622 0.1844 

    PANEL A LNGDP does not Granger cause LNCOP 7.0325 0.0297' 

 
LNCOP does not Granger cause LNGDP 1.0505 0.5914 

PANEL B LNGDP does not Granger cause LNCOP 7.0259 0.0298' 

  LNCOP does not Granger cause LNGDP 1.2039 0.5477 

Note: *, ' and " denote 1%, 5% and 10% significance levels. The optimal number of 

lags was selected using the Schwarz information criterion with a maximum lag length 

of 6 (2 for Germany).   

Source: Author's computations 

A-V: Model Estimation 

Table A-8: ARDL Extended Results 
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AUSTRIA (1, 3) -0.475 0.118 3.485 0.248 1.009 0.025' -0.443 0.015' 

BELGIUM (1, 1) -0.233 -0.065 2.508 -0.281 1.052 0.013' -0.233 0.034' 

DENMARK (1, 1) -0.605 -0.208 5.188" -0.343 1.084 0.073" -0.594 0.003* 

FINLAND (1, 1) -0.716 0.131 8.364' 0.183 0.900 0.047' -0.719 0.000* 

FRANCE (1, 1) -0.243 -0.149 2.415 -0.613 1.104 0.033' -0.256 0.043' 

GERMANY (1, 1) -0.640 -0.473 1.210 -0.739 0.202 0.527 -0.602 0.135 

GREECE (3, 1) -0.104 0.114 16.837* 1.101 0.528 0.056" 0.002 0.969 

IRELAND (1, 1) -0.364 0.097 3.938 0.267 0.504 0.028' -0.394 0.010' 

ITALY (1, 1) -0.104 0.057 0.812 0.547 1.232 0.000* -0.096 0.386 

LUXEMB. (1, 1) -0.062 0.005 1.087 0.081 1.025 0.004* -0.072 0.371 

NETHERL. (1, 1) -0.340 -0.044 2.996 -0.130 0.941 0.074" -0.338 0.018' 

PORTUGAL (2, 3) 0.222 -0.352 2.350 1.584 0.666 0.038' -0.481 0.034' 

SPAIN (1, 1) -0.046 0.000 0.585 -0.011 1.632 0.000* -0.037 0.757 

SWEDEN (1, 1) -0.144 -0.114 1.245 -0.793 0.675 0.186 -0.146 0.165 

UN. KING. (1, 1) -0.209 -0.062 1.531 -0.294 0.731 0.001* -0.203 0.091" 

          
Panel A (1, 0) -0.033 -0.003 20.967* -0.080 0.962 0.000* -0.034 0.000* 

Panel B (1,0) -0.033 -0.002 20.336* -0.075 0.968 0.000* -0.034 0.000* 

Note: *, ' and " denote 1%, 5% and 10% significance levels. The optimal number of lags was selected 

using the Schwarz information criterion with a maximum lag length of 6 (2 for Germany).   

Source: Author's computations 

 

 

 

 

 

Table A-9: Assumptions Tests (Short-run Elasticity) 
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Breusch-Godfrey 

Serial Correlation 

LM Test 

  
 Jarque-Bera 

Normality test  
  

 ARCH Hetero-

skedasticity Test  

  
ARDL 

Specification 

F-

statistic 

p-

value 
  

χ²-

statistic 

p-

value 
  

F-

statistic 

p-

value 

AUSTRIA (1, 3) 0.424 0.737 
 

3.831 0.147 

 

0.584 0.630 

BELGIUM (1, 1) 0.731 0.399 
 

1.298 0.523 

 

0.931 0.341 

DENMARK (1, 1) 0.512 0.480 
 

7.918 0.019' 

 

0.689 0.412 

FINLAND (1, 1) 1.255 0.271 
 

0.637 0.727 

 

0.007 0.934 

FRANCE (1, 1) 0.222 0.641 
 

1.613 0.446 

 

0.004 0.950 

GERMANY (1, 1) 0.136 0.718 
 

0.412 0.814 

 

3.837 0.070" 

GREECE (3, 1) 0.424 0.737 
 

0.015 0.992 

 

0.545 0.655 

IRELAND (1, 1) 0.713 0.405 
 

7.152 0.028' 

 

1.524 0.225 

ITALY (1, 1) 0.888 0.353 
 

0.909 0.635 

 

0.085 0.773 

LUXEMB. (1, 1) 0.000 0.996 
 

1.900 0.387 

 

0.462 0.501 

NETHERL. (1, 1) 1.024 0.319 
 

10.888 0.004* 

 

0.374 0.545 

PORTUGAL (2, 3) 1.219 0.279 
 

0.461 0.794 

 

0.911 0.448 

SPAIN (1, 1) 0.363 0.550 
 

1.535 0.464 

 

0.235 0.630 

SWEDEN (1, 1) 0.619 0.437 
 

2.041 0.360 

 

0.000 0.979 

UN. KING. (1, 1) 0.183 0.672 
 

3.372 0.185 

 

0.071 0.791 

Note: * and ' denote 1% and 5% significance levels. Breusch-Godfrey Serial Correlation LM Test’s 

null hypothesis: No autocorrelation. Jarque-Bera Normality Test’s null hypothesis: Normality of error 

term. ARCH Heteroskedasticity Test’s null hypothesis: Homoskedasticity of residuals. 

Source: Author's computations 

 Figure A-2: Stability Tests (Short-run Elasticities) 
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Denmark 
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Greece 
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Netherlands 
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The United Kingdom 
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A-VI: ARDL and Jaunky’s Short-run Elasticities 

Table A-10: ARDL and Jaunky’s Short-run Elasticities 

    

ARDL Short-
run Elasticity 

Jaunky Short-
run Elasticity 

  
ARDL 
ECM 

Jaunky 
ECM 

AUSTRIA 
 

1.009' 0.515" 
 

-0.443' -0.557* 

BELGIUM 
 

1.052' 0.297 
 

-0.233' -0.245' 

DENMARK 
 

1.084" 0.568 
 

-0.594* -0.588* 

FINLAND 
 

0.900' 0.690' 
 

-0.719* -0.582* 

FRANCE 
 

1.104' 0.210 
 

-0.256' -0.328* 

GERMANY 
 

0.202 -0.174 
 

-0.602 0.500* 

GREECE 
 

0.528" 1.004* 
 

0.002 -0.072 

IRELAND 
 

0.504' 0.479* 
 

-0.394' -0.262' 

ITALY 
 

1.232* 0.868* 
 

-0.096 -0.193' 

LUXEMB. 
 

1.025* 0.375 
 

-0.072 -0.087 

NETHERL. 
 

0.941" 0.424 
 

-0.338' -0.324' 

PORTUGAL 
 

0.666' 1.063* 
 

-0.481' -0.242" 

SPAIN 
 

1.632* 1.177* 
 

-0.037 -0.112 

SWEDEN 
 

0.675 0.007 
 

-0.146 -0.238' 

UN. KING.   0.731* 0.225   -0.203" -0.279' 

Note: *, ' and " denote 1%, 5% and 10% significance levels. 

Source: Author's computations 

 


