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ABSTRACT 
 

This study has analyzed the relationship between energy consumption, 
GDP and CO2 emissions of Annex-I countries in Kyoto Protocol for the 
period 2000-2010. In this paper, aggregate energy consumption has been split 
into renewable and non-renewable energy usage in EKC framework to discuss 
the potential effects of renewables on GHGs. Since there has been a multi-
collinearity between the energy consumption and income variables, one of the  
biased statistical methods for fitting the multi-collinearity among the 
independent variables, namely Ridge regression method was used. Empirical 
results show that EKC hypothesis for  Annex I countries of  Kyoto Protocol 
has been rejected although they have been supposed to decrease the GHGs. 
Moreover, while some  of the countries have potential to meet the Kyoto 
targets, especially countries in transition will have to endure environmental 
deterioration as a result of economic growth. Indeed, renewable energy has a 
potential to alleviate the GHGs. Since the elasticity between fossil energy 
consumption and emissions is mostly below unity, however, reducing fossil 
energy consumption and increased renewable energy usage will not be a 
solution by itself. Therefore, Ridge regression results indicate that policies 
seeking to promote renewable energy should be complemented with energy 
efficiency efforts to combat global change.  

 
Keywords: Environmental Kuznets Curve, Renewable energy, Ridge 
regression, Carbon dioxide emissions, Sustainable economic growth. 

 
 
1. INTRODUCTION 
 
 Global warming and climate change issues have raised concerns over 
the relationship between economic development and environmental 
protection since the 1990s.  (Pao and Tsai, 2011). The subject of 
environmental deterioration versus economic development was first 
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emphasized in detail in the World Development Report in 1992. It previously 
has been studied whether economic development causes problems for 
environmental protection or improves environmental quality has been studied 
through econometric methods during the three decades. The relationship 
between economic growth and environment is generally analyzed by the 
Environmental Kuznets Curve (EKC).  
 
 The Kuznets Curve (KC) hypothesis was first introduced by Simon 
Kuznets in 1955. Kuznets argued that economic development and inequality 
in income distribution might be explained by an inverted-U shape curve 
relationship that is justified both theoretically and empirically (Huang et al, 
2008). KC, however, became a vehicle to identify the relationship between 
environmental quality and per capita income across the time in 1951 (Yandle 
et.al., 2003). The EKC hypothesis was first proposed and tested by the 
pioneering study of Grossman and Krueger (1991). EKC hypothesis states 
that, as per capita income increases, income inequality increases at first and 
then starts to decrease after a turning point. In other words, environmental 
pollution level increases as the countries' income grows, but begins to 
decrease beyond an income turning point (Granados and Carpintero, 2009, 
p.9). Early studies on EKC hypothesis have indicated that some important 
indicators of environmental quality such as sulfur dioxide and particulates in 
the air improve with increasing income. Empirical studies of EKC hypothesis 
have generally focused on two critical issues: whether a given indicator of 
environmental pollutant display an inverted U-shape relationship with levels 
of per capita income as well as the estimation of the threshold that 
environmental quality improves with increasing income per capita ( See 
Yandlee et al., 2002). Since majority of world’s GHG emissions results 
primarily from combustion of fossil fuels, energy policies that reduce fossil 
fuel usage take central place in climate change debates. According to the latest 
report of Joint Research Centre (EU-JRC), (see Oliver et al, 2012), fossil fuel 
combustion accounts for about 90% of total global CO2 emissions. Moreover, 
according to the International Energy Outlook (2011), renewables are the 
fastest growing sources of world energy and the share of renewables in total 
energy use will increase from 10 % in 2008 to 14 % in 2035 (EIA, 2011). 
Considerable attention is given to renewable energy in many countries due to 
the concerns over the volatility of oil prices, the dependency on foreign energy 
sources (energy security problem) as well as the environmental consequences 
of GHGs. A large number of recent energy consumption-economic growth 
studies have focused on renewable energy consumption. Chien and Hu 
(2007), Chien and Hu (2008), Sadorsky (2009a), Sadorsky (2009b), Apergis 
and Payne (2010a), Apergis and Payne (2010b), Apergis and Payne (2011), 
Mahmodi and Mahmodi (2011) have examined the relationship between 
renewable energy consumption and economic growth. However, the general 
focus within the framework of EKC is on the relationship between emissions 
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and economic development while omitting the energy aspects from the 
analysis. As pointed out Caviglia-Harris et al.(2009), energy is vital variable 
and is largely responsible for the lack of an EKC relationship. Therefore, 
energy as well as the splitting of aggregate energy consumption into renewable 
and non-renewable energy in EKC modeling helps policy makers' understand 
its possible effects on carbon emissions and sustainable development in the 
long term. 
  
 This paper aims to contribute to existing EKC researches in two 
aspects. First, to the best of our knowledge, no study has been carried out that 
tests the EKC hypothesis including renewable energy consumption as a 
variable that directly affects the environment. However, panel data analysis 
has been conducted for 24 EU countries as part of the research paper of 
Marrero (2010) and it was assumed that impacts of energy consumption on 
emissions had been dependent on the primary energy mix. Contrary to 
Marrero's (2010) paper, which included the energy mix in EKC hypothesis, 
we use the renewable energy consumption directly as an important variable 
on GHGs since characterization of the effects of energy and renewable energy 
on emissions is significant for the formulation of energy and environment 
policies. Secondly, since economic development is closely related to energy 
utilization, the potential of the multi-collinearity problem is expected to arise 
among independent variables in the empirical model. Previous EKC studies 
which take into account some additional variables such as energy 
consumption, trade, energy price, population etc., have generally ignored this 
issue. Therefore, EKC hypothesis has been tested by using ridge regression in 
our study. If there is a high multi-collinearity among independent variables, 
Ridge regression is an efficient technique for the analysis of multiple 
regression data that suffer from multi-collinearity. By adding a degree of bias 
to regression estimates, this technique reduces the standard errors and gives 
estimates that are more reliable (NCSS, 2014). In this study, we examine the 
relationship between economic growth, GHG emissions and energy 
consumption by taking into account the renewable energy for Annex-I 
countries of Kyoto Protocol. The rest of the paper is organized as follows; 
the next section presents a literature review regarding Kyoto Protocol and 
EKC studies. Section three describes the methodology and data for analysis. 
Section four discusses the empirical results and compares the results of the 
Ridge regression analysis with those of the previous studies. Concluding 
remarks are given in the final section. 
 
2. LITERATURE REVIEW  
 
 The initial response of countries to the threat of global warming was 
the Framework Convention on Climate Change (FCCC) which was adopted 
in Kyoto, Japan on the 11th of December 1997. The stated objective of FCCC 
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was to achieve stabilization of GHGs in the atmosphere. It was recognized 
that commitments set out in FCCC were not sufficient for achieving its 
ultimate objective and this led to the adoption of Kyoto Protocol in 1997 
(UN, 2013). The Kyoto Protocol came into effect on February 16, 2005. 
Under Article 3 of Kyoto Protocol, 37 industrialized countries and the 
European Community (Annex I countries) have agreed to reduce their GHG 
emissions by an average of 5 % below 1990 levels  during an initial 
commitment during the 2008-2012 period (Tucker, 2001). Although some 
countries such as China, India and Brazil are large emitters, these developing 
countries currently have no obligation for emission reductions. Instead, they 
suggest that they will take voluntary steps to control levels of GHG emissions. 
(CRF, 2013). The issues of developing country’s commitments for emissions 
were contentious in the last three Conferences of the Parties to Climate 
Convention. It is stated that the continuity of Kyoto Protocol beyond 2012 
may depend on Annex I as well as the attitude of developing countries to the 
agreement on this issue (Santilli, 2005). Kyoto Protocol contains a specific 
compromise assumed by industrialized and in transition economies to reduce 
their CO2 emissions below their 1990's level along the period of 2008-2012. 
The Kyoto Protocol divides the member countries into different groups: 
Annex I with GHG emissions reduction obligations and non-Annex I without 
emission reduction obligations. Protocol covers the main GHGs such as CO2, 
which represents the biggest share, and the other five GHGs. The goal of the 
protocol is to attain a cut of GHGs by 5.3 % until 2012 compared to the 
countries' CO2 emission levels in 1990. Kyoto came into effect in 2005 and 
after Russia's ratification, 55 countries which emit at least 55 % of the global 
GHG emissions became parties to the Kyoto. To deal with the difficulty of 
integrating of the developing countries, Kyoto tries to enhance sustainable 
development for developing countries via flexible mechanisms such as Clean 
Development Mechanisms (Grunewald and Martinez, 2009).  
 
 Annex I countries are allowed to achieve some emissions reductions 
by investing in energy projects that cut GHG emissions in developing 
countries through Clean Development Mechanisms. It is recognized in Kyoto 
that developed countries are principally responsible for the current high levels 
of GHG emissions in the atmosphere as a result of their industrial activities. 
Hence, the Protocol brings heavier burden on developed countries under the 
principle of "common but differentiated responsibilities" (UN, 2013). After 
Kyoto Protocol, CO2 emissions have become a focus of international 
attention and parties which have adopted internationally binding emissions 
reduction targets.  
 
 A key aim of international efforts to mitigate negative effects of 
global climate change is to alleviate global CO2 emissions. Since the 
accomplishment of these efforts depends on commitments by the countries 
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to reach global emission targets, it is important to understand the variables 
which have impact on CO2 emissions (Villanueva, 2012). Therefore, it has 
been questioned whether economic development leads GHG emissions or 
improves the environmental quality. It is expected that the understanding of 
this link will help in the development of emission reduction strategies. 
 

 
Figure 1: The environmental Kuznets curve: a development-environment 
relationship 
Source: Panayotou, 2003. 
 

According to the EKC, environmental pressure tends to rise faster 
than income growth in the early stages of economic development, then slows 
down, reaches a turning point and decreases with further economic growth, , 
in other words the environmental quality gets worse at first and then improves 
with economic growth (de Bruyn et al.,1998, p.162) (See Figure 1). The 
relationship between economic development and environmental degradation 
or quality can be considered to consist of three effects, which are the scale 
effect, the composition effect and the technical effect. While first effect 
provides an explanation for positive income-pollution relationship, the other 
two effects can explain both positive and negative relationships (Khanna and 
Plassmann, 2004 ,p.226). Environmental pressure increases as output growth 
increases (scale effect) but this pressure might be nullified by the other two 
effects. It is possible that economic development occurs mainly in sectors that 
pollute less (this is called composition effect) and technological progress can 
countervail the greater production level (technical effect) (Almeida and 
Sabadini, 2009).  If EKC were true, this hypothesis would suggest that 
countries do not need to struggle to reduce CO2 emissions as envisaged by 
the Kyoto Protocol since economic development would eventually lead to 
environmental improvement (Zhao, 2011).  
 
 There are mainly three research strands available in literature that 
examine the relationship between economic growth and environmental 
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quality. The first strand focuses on the nexus of economic development and 
environmental pollutants (Zhang, 2009). This strand simply tests the validity 
of the so-called EKC hypothesis. EKC studies have gained an increasing 
research attention over the span of time since the pioneering works of 
Grossman and Krueger (1991), Grossman and Krueger (1995), Holtz-Eakin 
and Selden (1992) and Shafik (1994). Empirical results for EKC studies are 
controversial. The EKC hypothesis is being criticized for lack of feedback 
from environmental pollutants to economic output as income is assumed to 
be an exogenous variable (See Zhang (2009), Arrow et al.(1995), Stern (2004), 
Huang and Shaw (2002) etc). Stern (2004), Dinda (2004), Lieb (2003) and Bo 
(2011) provide a review survey of empirical EKC studies.  
 
 The second strand focuses on the link between economic output and 
energy consumption since GHG emissions are mainly caused by fossil fuels. 
Following the study of Kraft and Kraft (1978), an increasing number of 
studies have employed Granger causality and cointegration model, providing 
an empirical evidence between economic development and aggregate energy 
consumption.(See Akarca and Long (1980), Yu and Choi (1985), Erol and Yu 
(1987), Yu and Jin (1992), Masih and Masih (1996), Hondroyiannis et 
al.(2002), Soytas and Sari (2003), Lee and Lee (2010) etc. Payne (2010), 
provide an extensive review of the studies on empirical results for the 
relationship between energy consumption and economic growth relationship. 
 
 An assessment of the existing literature indicates that a large part of 
these studies focus on the nexus of energy-output or pollution-output. 
However, some recent studies "combined" approaches of these two strands 
and investigated the inter-temporal linkage in the energy-environment-
income nexus (See Soytas et al. 2007, Soytas and Sari 2009, Halicioglu 2009, 
Ang 2007, Zhang and Cheng 2009, Apergis and Payne 2009, Marrero 2010, 
Almeida and Sabadini 2009, Grunewald and Martinez 2009, Richmond and 
Kaufman 2006, Zhao 2011, Araouri et al. 2012, Saboori and Sulaiman 2013, 
Pao and Tsai 2011, Sulaiman et al., 2013,  Zeb et al. 2014, etc.). 
 
Table 1. Selected papers on EKC using energy consumption 

Author Independent 
Variables 

Data 
Period 

Region Method Conclusion 

Marrero, 
 (2010) 

Aggregate energy 
use, distribution of 
primary energy 
consumption, 
shares of the 
energy types and 
GDP  

1990-
2006 

EU countries 
(EU 24) 

Dynamic 
panel data 
analysis 
(GMM) 

No EKC 
Kyoto Effect: 
There is no 
difference 
between pre and 
post Kyoto 
period. 
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Sulaiman et 
al., 
(2013) 

Renewable 
electricity 
production, trade 
openness, GDP 

1980-
2009 

Malaysia ARDL EKC yes 
Trade openness 
and renewable 
electricity 
production 
negatively effects 
the CO2 
emissions 

Zhang and 
Cheng, 
(2009) 

Energy 
consumption, 
GDP 

1960-
2007 

China Granger 
causality 

Unidirectional 
causality from 
GDP to energy 
consumption 

Almeida 
and 
Carvalho,  
(2009) 

Energy 
consumption, 
GDP 

2000-
2004 

167 countries Panel fixed 
effect 

N-shaped EKC 
Kyoto Protocol 
has positive effect 
on CO2 
reduction. 

Gruneald 
and 
Martinez-
Zarzoso, 
 (2009) 

GDP, dummies 
for Kyoto 
Protocol 

1975-
2004 
 

123 countries Static and 
dynamic panel 
data analysis 

No EKC 
Kyoto Protocol 
has positive 
effects on CO2 
reduction 

Mazzanti 
and 
Musolesi, 
(2009) 

GDP, Dummies 
for Kyoto, oil 
price shock 

1960-
2001 

3 group 
countries 

Panel 
cointegration 

For north EU 
countries EKC 
yes; Kyoto 
Protocol has 
positive effects on 
CO2 reduction 
 

Richmond 
and 
Kaufman, 
(2006) 

fuel mix, GDP 1973-
1997 

36 OECD 
and non-
OECD 
countries 

Panel data 
analysis 

No EKC for non-
OECD countries 

Zhao,  
(2011) 

Energy 
consumption, 
GDP 

1980-
2004 

23 OECD 
countries 

Panel data 
analysis 

Reverse EKC 

Apergis and 
Payne, 
(2009) 

Energy 
consumption, 
GDP 

1971-
2004 

6 Central 
American 
countries 

Panel 
cointegration 

EKC yes, 
Energy 
consumption has 
positive effect on 
CO2 emissions 
reduction 

He and 
Richard, 
(2010) 

GDP, oil shock 1948-
2004 

Canada Partially linear 
regression 
model 

EKC yes, 
Oil shock has 
positive effect on 
EKC relationship 

Arouri et 
al., (2012) 

Energy 
consumption, 
GDP 

1981-
2005 

12 Middle 
East and 
MENA 
countries 

Panel 
cointegration 

No EKC, 
Energy 
consumption has 
positive effect on 
CO2 emissions 

Halicioglu,  
(2009) 

Energy 
consumption, 
foreign trade, 
GDP 

1960-
2005 

Turkey ARDL, time 
series 
cointegration  

EKC yes, 
Energy 
consumption has 
positive effect on 
CO2 emissions 

Ang, 
 (2007) 

Energy 
consumption, 
GDP 

1960-
2000 

Fransa VECM, time 
series 
cointegration 

EKC yes,  
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Caviglia-
Harris et 
al.,(2009) 

Energy efficiency, 
GDP 

1961-
2000 

146 countries Dynamic 
panel data 
analysis 

No EKC, energy 
is important for 
EKC relationship 

Saboori and 
Sulaiman, 
(2013) 

Energy 
consumption, 
GDP 

1980-
2009 

Malaysia ARDL, time 
series 
cointegration 

No EKC at 
aggregate level, 
EKC at 
disaggregate level 

Zeb et 
al.(2014) 

Renewable energy 
consumption, 
GDP 

1975-
2010 

Bangladesh, 
India, Nepal, 
Pakistan, Sri-
Lanka 

Panel 
cointegration 

Renewable energy 
has potential to 
reduce CO2 
emissions. 

Pao and 
Tsai, (2011) 

Energy 
consumption, 
GDP 

1980-
2007 

Brazil Causality and 
ARIMA 

EKC yes, 
Energy 
consumption has 
positive effect on 
CO2 emissions 

Source: Authors' elaboration  
 
 Some selected papers on EKC which include energy consumption are 
listed in Table 1. It can be concluded from the survey of relevant literature 
that validity of EKC hypothesis is still controversial. Although there is 
overwhelming evidence linking economic growth and CO2 and/or GHG 
emissions in the framework of EKC, economic development itself cannot be 
expected to control CO2 emissions. Moreover, it appears that income- 
emission relationship has been affected by energy consumption and Kyoto 
Protocol elements. In other words, efforts for reducing GHG emissions by 
some mechanisms such as the use of less polluting technologies (renewables) 
have impact in the shaping of the long run emissions/GDP dynamics as well.  
 
3. METHODOLOGY AND DATA OF ANALYSIS 
 
 The 1992 UNFCCC covers 41 countries including the EU. These 
countries have to fulfill their responsibilities to reduce GHG emissions. 
Kyoto countries that we included in the analysis can be seen in Table in 
Appendix 1. Following the Huang et al.(2009), these countries have been 
divided into three groups; "Annex II Countries", "Economies in Transition" 
and "Others". As mentioned before, Kyoto Protocol came into effect in 1997 
and requires 38 Annex I countries and EU to reduce their emissions to 5.2% 
below the 1990 emissions level during the 2008-2012 period. 
 
 As GHG emission data and GDP for Liechtenstein are unavailable, 
this country has been excluded from the data set of the analysis which is 
consistent with the study of Huang et al. (2008). Although formally Canada 
withdrawn from Kyoto Protocol on December, 2011; we included this 
country in our research as well since our data period covers 2000-2010 
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excluding Monaco4. We selected the data period which is the same for all 
countries to be able to compare them with each other. Because of this 
purpose, we got the data set available for all countries for the period between 
2000-2010.  Furthermore we also included Turkey since Turkish Grand 
National Assembly approved a law to join the Kyoto Protocol in February, 
2009. Being a party to Kyoto is important to comply with the EU 
environment targets. Annual time series data for the countries were taken 
from the World Development Indicators (WDI) online database for 39 Kyoto 
countries included Turkey. The variable CO2 is CO2 gases emissions per 
capita (measured in metric tons per capita), the variable GDP is per capita 
Gross Domestic Product (at constant 2000 USD Dollar), the variable GDP2 
is square of GDP, the variable REN is the renewable energy consumption 
quantity (measured in kt of oil equivalent) per capita and finally the variable 
FOS is fossil fuel energy consumption per capita (measured in kt of oil 
equivalent). The descriptive statistics of the variables for the countries can be 
seen in  Appendix 2.  
 
 Three types of empirical specifications are typically used in the 
analysis of the EKC hypothesis: linear, a quadratic (inverted-U) and cubic 
specifications (N-shaped) or sideways-mirrored (S-shaped) (Friedl and 
Getzner, 2002). One general functional form includes other factors such as 
time, regional characteristics and technical factors which may be external 
variables in the following equations (Huang et al, 2008, p.242): 
 
Qt = a0 + a1 ln Yt + Gt + εt .     (1) 
 

{ Qt = a0 + a1 Yt + a2Yt2 + Gt + εt .         
ln Qt= a0 + a1 ln Yt+ a2 (ln Yt)2 + Gt + εt .

    (2) 

       

{ Qt = a0 + a1 Yt + a2 Yt2 + a3 Yt3+ Gt + εt .                 
 ln Qt = a0 + a1 ln Yt + a2 (ln Yt)2 + a3 (ln Yt)3 + Gt + εt .

  (3) 

    
 In these specifications, Q is the per capita GHG emission, Y is the 
per capita annual GDP, t is time and G is the external variable, ε is the 
stochastic error and ai  are the coefficients of the EKC model (also it is called 
as marginal propensity to emit) (Huang, 2008, p.242). In the linear 
specifications, if a1 > 0 and a2=a3, the relationship between income and GHGs 
is linearly increasing. In this type specification, an increase in income level 
leads to a proportional increase in emissions. In the quadratic case, if a1>0, 
a2<0 and a3=0, emissions exhibit an inverted-U relationship to per capita 
income. This means that the environmental quality (pollution releases) will 
first increase with increasing GDP then decrease (so-called EKC). In the 

                                                           
4 For Monaco the data is not available for the year 2010, hence the data period 

for Monaco is 2000-2009. 
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cubic case, if a1>0, a2<0 and a3 > 0, a N-shaped relationship between 
emissions and income can result. If the coefficients are reversed in terms of 
sign (a1<0, a2>0 and a3 < 0) a sideways-mirrored-S shape can be identified 
(Friedl and Getzner, 2002, p.5). 
 
 To test the EKC hypothesis, the relationship between GHG 
emissions per capita, energy consumption per capita, renewable energy 
consumption per capita, real Gross Domestic Product (GDP) per capita and 
squared of per capita real GDP was investigated. All variables have been taken 
in the natural logarithm form to obtain the elasticities in the model.  Based on 
the conceptional model, the following equation has been employed to test the 
EKC relationship:  
 

tCO2 = α + 1 tGDP  + 2 tGDP2 + 3 tREN  + 4 tFOS  + t          

                       t= 2000,…, 2010    (4)        
 Since economic development is closely related to energy utilization 
we expect the multi-collinearity among independent variables in the equation 
4. One of the problems frequently encountered in multiple regressions is 
multi-collinearity. Multi-collinearity means that there is a significant 
relationship between two or more independent variables in the model. 
Traditional regression method does not give correct results when multi-
collinearity exists among the independent variables. Multi-collinearity causes 
serious problems in the estimation of regression coefficients. For example; 
the estimated coefficient values may be different from the actual values, the 
variance of the coefficients may be very high, the coefficient of determination 

𝑅2 of the model may be higher, the coefficients are insignificant and signs of 
the coefficients may be incorrect (Gujarati and Porter, 2008). Because of these 
effects, multi-collinearity is known as a serious problem for multiple 
regressions.  
 
3.1. RIDGE REGRESSION  
 
 There are many statistical methods used in the case of multi-
collinearity. One of them is a method known as Ridge regression which is one 
of the biased statistical methods. The method has first been proposed by 
Hoerl and Kennard in 1970. In this method, the regression coefficients will 
be closer to their correct values than the estimates obtained using ordinary 
least squares (OLS) if there is multi-collinearity (Ferreira and Sirmans, 1988). 
Although it is biased, it is a preferred method to decrease the variances of the 
estimates.  
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 Ridge regression estimator which is biased estimator of  is given as: 

 

        (5) 

 

where  is - dimensional matrix of independent variables,  is 

- dimensional vector of unknown parameters,  is (nx1)- dimensional vector 

of dependent variable and  is bias parameter taking a value between  and  

 (Hoerl and Kennard, 1970). When , the ridge regression 

coefficients are equal to OLS regression coefficients. That is, it gives the same 

estimation with OLS method. The value of  increase, the ridge regression 

gives biased estimations. But these estimations have smaller variance than the 
OLS estimations. The most important point is to determine the correct value 

of  in Ridge regression. Various methods have been proposed for the 

determination of  in literature. Hoerl and Kennard (1970) have suggested the 

Ridge Trace for the selection of .  Marquardt and Snee (1975) have proposed 

variance inflation factor that is between 1 and 10.  Hoerl, Kennard and 

Baldwin (1975) have suggested  for the determination of . In 

this study, VIF is used for the determination of  value. VIF is a very popular 

diagnostic tool for detecting multi-collinearity. VIF values that are lower than 

 indicate that multi-collinearity is not a serious issue. VIF values of the 

independent variables that corresponding to each value of  are calculated.  

value that all VIFs are less than 10 is determined. The selection of k is optimal 

value.  However, If any of  is higher than this value, multi-collinearity 

exists in model (Marquardt and Snee, 1975). It can be formulated as; 
 

                       for        (6) 

 

 is the coefficient of determination in a regression of the th independent 

variable on all other independent variables.  
 
 In ridge regression, t-test is used to test individual significance of the 
coefficients. Test statistic is; 

                                                             (7) 
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where  is the estimation of j-th regression coefficients in the ridge 

regression model and  is an estimation of the standard error under the 

null hypothesis . To test this hypothesis, it is used degrees of 

freedom as  when    where  is the number of 

independent variables and n is the number of observation (Cule et al., 2011). 
  
4. EMPIRICAL RESULTS 
 
 The Ridge regression estimation results of equation 4 for each 
country have been given in Table 3. Besides the Ridge regression estimation 
method, we also estimated the models for each country by using ordinary least 
squared method to check the presence of multi-collinearity among 
independent variables and the calculated variance inflation factors of 
independent variables for each estimation methods have given in Table 2. As 
seen in Table 2, VIF values getting OLS estimation are very high which 
indicate serious multi-collinearity among the independent variables whereas 
the VIF values for each country from Ridge estimation are very small and 
acceptable levels.  
 
Table 2. Variance Inflation Factors for the independent variables 

 

 Least Squares Estimation  Ridge Regression Estimation 

Country GDP GDP2 REN FOS GDP GDP2 REN FOS 

Australia 358213.17 359263.93 2.31 2.17 0.18 0.18 0.49 0.49 
Austria 836946.81 833431.67 13.18 2.47 0.35 0.36 1.18 0.78 
Belarus 20033.58 19147.81 45.16 12.13 0.09 0.09 0.15 0.40 
Belgium 730299.12 729365.99 4.26 2.28 0.13 0.13 0.28 0.34 
Bulgaria 29217.05 28448.77 10.10 1.96 0.19 0.20 0.50 0.60 
Canada 632491.92 632523.32 2.20 2.19 0.22 0.22 0.95 0.94 
Croatia 56985.73 56673.06 1.37 2.93 0.42 0.43 0.89 1.49 
Czech Rep. 67023.12 66738.14 19.38 3.68 0.26 0.26 0.64 0.79 
Denmark 1712454.72 1711324.70 3.65 2.13 0.34 0.34 1.92 1.43 
Estonia 19038.66 18990.77 1.66 1.80 0.46 0.46 1.14 1.52 
Finland 140900.98 140623.51 3.58 1.54 0.21 0.21 0.60 0.57 
France 1460975.99 1460531.70 8.32 7.06 0.31 0.31 4.45 4.46 
Germany 967960.11 964434.15 31.95 7.88 0.26 0.26 0.36 0.72 
Greece 99298.50 99437.81 1.47 1.26 0.31 0.31 1.02 1.13 
Hungary 68511.84 68928.23 19.24 7.91 0.19 0.19 0.48 0.58 
Iceland 297438.81 298997.35 6.11 2.34 0.73 0.72 2.03 1.47 
Ireland 117641.91 117560.42 9.87 9.87 0.23 0.23 0.53 0.54 
Italy 1783626.08 1780110.10 2.60 7.16 0.60 0.60 2.00 3.84 
Japan 878991.27 878695.52 3.04 1.29 0.47 0.48 1.81 0.99 
Latvia 30195.76 29748.00 7.80 12.85 0.28 0.29 0.93 0.66 
Lithuania 12300.47 12098.58 10.81 11.70 0.08 0.08 0.25 0.23 
Luxemburg 1137024.26 1124551.40 26.93 13.39 1.15 1.18 3.50 1.53 
Monaco 46270.45 47420.13 21.89 2.40 0.29 0.27 0.76 0.88 
Netherland 1094008.07 1089559.50 11.40 1.24 0.09 0.09 0.15 0.28 
New Zealand 252929.16 252889.43 1.82 5.30 0.15 0.15 0.15 0.15 
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Norway 650380.24 650180.81 2.15 2.49 0.11 0.11 0.20 0.20 
Poland 73405.37 74592.31 16.12 3.49 0.32 0.31 0.92 1.04 
Portugal 2231468.78 2231247.60 3.26 2.83 0.12 0.12 0.20 0.21 
Romania 18404.77 18406.24 9.21 2.05 0.15 0.15 0.31 0.50 
Russia 17916.25 18058.14 1.13 8.08 0.93 0.91 0.93 3.48 
Slovakia 40501.44 41076.08 14.45 4.49 0.32 0.31 0.75 0.88 
Slovenia 55078.86 54799.50 3.47 4.91 0.50 0.51 1.19 1.45 
Spain 446239.88 444273.92 11.26 7.07 0.90 0.92 4.79 3.70 
Sweden 223989.25 224144.23 4.32 1.89 0.70 0.70 3.81 1.75 
Switzerland 1296430.46 1295159.40 8.43 2.40 1.29 1.29 4.47 1.73 
Turkey 66963.38 67870.09 6.10 18.36 1.06 1.03 2.86 3.15 
Ukraine 12137.72 12425.90 10.19 3.32 0.25 0.23 0.72 0.67 
UK 512485.11 508297.51 43.25 14.55 0.47 0.49 2.96 1.85 
USA 829568.24 829423.43 3.39 2.56 0.52 0.52 3.20 1.95 

 
 There is no evidence within the analyzed data period for EKC 
hypothesis regarding Kyoto countries as seen in Table 3. The curve shapes 
are given in the table and only France has an inverted-U shaped curve but the 
coefficients of GDP and GDP2 are insignificant. According to Table 4, the 
coefficients of GDP and GDP2 have either positive signs or negative signs. 
These results may be explained by the short data period. If longer data periods 
were used, the model could have caught the peak points on the curve. For 
Australia and Iceland, all coefficients in the models are insignificant and the 
coefficients of determination are small (R2=0.47 for Australia, R2=0.57 for 
Iceland). The coefficients of GDP and GDP2 are positive and significant for 
Belarus, Latvia, Lithuania and Monaco. In these countries, increasing 
economic growth causes CO2 emissions to increase. However, GDP and 
GDP2 coefficients for Belgium and Greece are negative and significant which 
means that increasing economic growth decreases CO2 emissions for the data 
period. 
 
Table 3. The results of Ridge Regression estimations 
 
 

Country  
Curve 
shape Cons.  GDP GDP2 REN FOS  R2 

Austria Upwards -5.116 0.0567 0.0027 -0.0582 0.8396*** 0.86 
      (-0.52) (-0.52) (-1.46) (-5.99)   

Australia Upwards -4.039 0.1038 0.0049 0.0481 0.5856 0.47 
      (-0.01) (-0.01) (-0.83) (-0.58)   

Belarus Upwards -2.215 0.0697*** 0.0043*** 0.0771** 0.3554** 0.85 
      (-4.62) (-4.46) (-2.98) (-2.84)   

Belgium Downwards 3.148 -0.3020** -0.0144** -0.0312 0.4922** 0.81 
      (-2.93) (-2.93) (-1.94) (-3.08)   

Bulgaria Upwards -4.000 0.0495 0.0030 0.0221 0.6784*** 0.79 
      (-1.49) (-1.44) (-0.40) (-4.27)   

Canada Downwards -3.921 -0.0829 -0.0039 0.1304 0.8325*** 0.86 
      (-0.75) (-0.73) (-0.56) (-5.30)   

Croatia Downwards -5.750 -0.0085 -0.0006 -0.0177 1.0211*** 0.89 
      (-0.17) (-0.22) (-0.22) (-5.75)   

Czech Rep. Downwards -2.713 -0.0211 -0.0011 -0.0736* 0.7139*** 0.87 
      (-0.63) (-0.59) (-2.25) (-4.77)   

Denmark Upwards -8.863 0.0986 0.0045 0.1031 1.1050*** 0.90 
      (-0.58) (-0.57) (-1.61) (-6.92)   
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Estonia Upwards -5.790 0.0081 0.0006 0.1078* 0.9250*** 0.96 
      (-0.31) (-0.45) (-2.05) (-9.02)   

Finland Downwards -5.825 -0.0280 -0.0013 0.2484 0.8499*** 0.76 
      (-0.21) (-0.21) (-1.09) (-4.54)   

France inverted-U -5.912 0.0034 -0.0001 0.0113 0.9912*** 0.99 
      (-0.07) (-0.02) (-0.25) (-9.92)   

Germany Downwards -1.383 -0.0638 -0.0031 -0.0263** 0.5869*** 0.87 
      (-0.77) (-0.76) (-3.02) (-4.38)   

Greece Downwards -5.030 -0.0510* -0.0024* 0.0415 0.9911*** 0.96 
      (-2.35) (-2.17) (-0.60) (-11.35)   

Hungary Downwards -2.586 -0.0209 -0.0010 -0.0559** 0.6343*** 0.84 
      (-0.48) (-0.45) (-3.05) (-5.09)   

Iceland Downwards 
12.44

0 -0.2067 -0.0094 0.0863 -0.9127 0.57 
      (-0.91) (-0.91) (-1.45) (-1.48)   

Ireland Upwards -2.312 0.0149 0.0007 -0.1084*** 0.5989*** 0.86 
      (-0.17) (-0.17) (-3.64) (-4.45)   

Italy Upwards -7.443 0.1290 0.0062 -0.0260* 0.9616*** 0.98 
      (-1.09) (-1.07) (-2.05) (-7.94)   

Japan Upwards -6.486 0.0435 0.0021 -0.0218 1.0058*** 0.93 
      (-0.53) (-0.53) (-0.64) (-8.30)   

Latvia Upwards -3.447 0.0699* 0.0040* 0.0996 0.4275*** 0.88 
      (-2.32) (-2.30) (-0.91) (-4.01)   

Lithuania Upwards -1.763 0.0807** 0.0046** 0.0101 0.2743** 0.73 
      (-3.51) (-3.54) (-0.20) (-3.56)   

Luxemburg Upwards -6.088 0.1073 0.0047 -0.0155 0.8347*** 0.97 
      (-0.98) (-0.95) (-0.47) (-10.05)   

Monaco Upwards -5.285 0.2849** 0.0186** 0.4106** -0.0121 0.89 
      (-3.59) (-3.62) (-3.39) (-1.56)   

Netherland Downwards -0.765 -0.0375 -0.0018 -0.0038 0.4445*** 0.42 
      (-0.80) (-0.80) (-0.34) (-2.93)   

New 
Zealand Downwards -0.202 -0.1288 -0.0063 0.1913 0.4007** 0.69 
      (-1.09) (-1.09) (-1.57) (-3.64)   

Norway Upwards -7.722 0.3169 0.0143 0.3515* 0.3333** 0.62 
      (-1.49) (-1.48) (-2.20) (-2.96)   

Poland Upwards -2.707 0.0082 0.0004 -0.0186 0.6159*** 0.79 
      (-0.40) (-0.40) (-0.73) (-4.36)   

Portugal Downwards 4.503 -0.2860 -0.0145 -0.2836 0.4055** 0.61 
      (-0.63) (-0.63) (-1.72) (-3.43)   

Romania Upwards -3.409 0.0459 0.0027 -0.0519 0.6237*** 0.65 
      (-1.04) (-1.04) (-0.90) (-3.89)   

Russia Upwards -4.985 0.0078 0.0006 0.0367 0.8597*** 0.95 
      (-0.34) (-0.45) (-0.48) (-5.05)   

Slovakia Upwards -3.258 0.0049 0.0002 -0.0435* 0.6853*** 0.86 
      (-0.20) (-0.17) (-2.09) (-4.52)   

Slovenia Upwards -4.279 0.0466 0.0024 -0.0832 0.7829*** 0.92 
      (-1.29) (-1.27) (-1.66) (-5.22)   

Spain Upwards -6.657 0.0401 0.0021 -0.1666 1.1283*** 0.98 
      (-0.32) (-0.33) (-1.66) (-8.86)   

Sweden Downwards -4.810 -0.0574 -0.0027 0.0441 0.9476*** 0.99 
      (-1.13) (-1.15) (-0.70) (-16.30)   

Switzerland Downwards -5.449 -0.0204 -0.0010 0.0081 0.9853*** 0.97 
      (-0.21) (-0.21) (-0.06) (-10.40)   

Turkey Upwards -4.693 0.1370 0.0079 -0.0197 0.6030*** 0.95 
      (-1.65) (-1.70) (-0.20) (-4.14)   

Ukraine Upwards -4.255 0.0377 0.0027 -0.0083 0.7415*** 0.80 
      (-1.17) (-1.25) (-0.63) (-5.09)   

UK Upwards -5.213 0.0783 0.0037 -0.0516 0.7885*** 0.95 
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      (-1.14) (-1.12) (-1.71) (-6.28)   

USA Downwards -6.124 -0.0093 -0.0004 0.0363 1.0271*** 0.99 
      (-0.37) (-0.40) (-1.19) (-27.71)   

***Significant at the  level, **significant at the  level, *significant at the  level. 

-t statistics are given in parenthesis. 

 
 One of the main reasons for carbon emissions is fossil fuel energy 
consumption. In almost all Kyoto countries, the coefficients of the variable 
FOS as the proxy for fossil fuel energy consumption are positive and 
significant. Among the significant models, in the model for Monaco, the 
coefficient of FOS is insignificant. The highest elasticity is that of Spain 
(coefficient=1.1283) and in addition, the countries following Spain with 
highest elasticities greater than 1 are Croatia, Denmark, Japan and USA; also, 
the sole responsible of CO2 emissions is fossil fuel energy consumption in 
these countries since the coefficients of the other variables are insignificant in 
the models. The lowest elasticity of the FOS is 27% in Lithuania. The other 
countries with low elasticities for the variable FOS are Norway (33%), Belarus 
(35%), Portugal (40%) and New Zealand (40%). 
 
 The renewable energy consumptions as an alternative for fossil fuel 
energy consumptions can be expected to cause less carbon emission than 
fossil fuel energy consumptions. In other words, greater renewable energy 
usage may decrease GHG emissions. The coefficients of the variable REN 
are negative and significant for Czech Republic, Germany, Hungary, Ireland, 
Italy and Monaco. Indeed, the usage of renewable energy lowers the air 
pollutants in terms of carbon emissions in these countries. The variable REN, 
however, is positive and statistically significant for Belarus, Estonia, Monaco 
and Norway. Therefore, non-fossil fuel energy consumption seems to have 
enhancing effects on carbon emissions of these countries. The elasticities of 
the variables REN and FOS are .08% and 35% for Belarus, 11% and 92% for 
Estonia, 35% and 33% for Norway respectively.  
 
5. CONCLUSION 
 
 This paper proposed and estimated a ridge regression for 39 Kyoto 
countries for the 2000-2010 period that linked greenhouse emissions (CO2 
equivalent) per capita with real per capita GDP and per capita energy 
consumption. The main contributions of this paper were two folds: on the 
one hand, it was aimed to examine the EKC hypothesis by separating total 
energy usage into renewable and fossil fuel energy components. On the other 
hand, another objective was to take into account multi-collinearity among the 
income and energy variables for the Kyoto countries which has been generally 
ignored in EKC studies. 
 



Fossil & Renewable Energy Consumption, GHGs and Economic 
Growth: Evidence From A Ridge Regression of Kyoto Annex Countries 

60  

 The availability of the emissions data for the 2000-2010 period is a 
big limitation for this study. Despite the limited data period, remarks related 
to EKC hypothesis can still be provided. Based on our empirical study, there 
is no statistically meaningful evidence to support the EKC hypothesis for 
countries included in the Kyoto Protocol. Our results are consistent with 
those of the previous studies (See Huang et al, 2009). It is interesting to see 
that EKC hypothesis for countries that are parties to the Kyoto Protocol has 
been rejected, since they were supposed to decrease the GHG emissions. As 
can be seen from the results summarized in the tables, while some regression 
results fit a linear curve and show a decreasing trend, other countries show 
increasing trends. For example, Belgium, Canada, Croatia, Czech Republic, 
Finland, Germany, Hungary, Greece, Iceland, Netherland, New Zealand, 
Portugal, Sweden, Switzerland and USA show decreasing emission trends. 
These countries have a potential to meet the Kyoto targets. However, 
countries such as Austria, Australia, Belarus, Bulgaria, Denmark, Estonia, 
Ireland, Italy, Japan, Latvia, Lithuania, Luxemburg, Monaco, Norway, Poland, 
Romania, Russia, Slovakia, Slovenia, Spain, Turkey, Ukraine and UK will have 
some difficulties in complying with their Kyoto commitments. If we look at 
the country groups in terms of emission trend, generally economies in 
transition have increasing CO2 emissions. This means that, these countries 
will have to endure environmental deterioration as a result of economic 
growth.  
 
 Another important result is related with the relationship between 
fossil energy and GHG emissions. The elasticity between fossil energy 
consumption and emissions are mostly below unity except for USA, Japan, 
Spain, Switzerland and Italy. This means that, reduction in fossil fuel by itself 
cannot be enough to lower the emissions. Moreover, renewable energy seems 
to lower GHG emissions for many countries like Germany, Czech Republic, 
Hungary, Ireland, Italy and Slovakia. In some countries, however, renewable 
energy consumption contributes to GHG emissions. One possible 
explanation for this relationship might be related to renewable energy type. 
Some renewable energy types such as biofuels may have negative energy 
balance, namely they may need much more energy than they can give.  
 
 Therefore, more improvement in energy efficiency and/or, a shift in 
the energy mix towards less polluting energies (renewable energy 
technologies) would be very important in order to achieve environmental 
targets. Moreover, Ridge regression results imply that, renewable energy 
polices on its own does not provide a solution to global warming and/or 
changing. Policies seeking to promote of renewable energy should be 
complemented by the energy efficiency efforts to ensure sustainable 
development.  
 



 
 Mehmet MERT, Gülden BÖLÜK, Ayça BÜYÜKYILMAZ  

61 

REFERENCES 
 
AKARCA, A. T.; Long, T. V. (2010) On Relationship Between Energy 
 Consumption and GNP: A Re-Examination, Journal of Energy and 
 Development, 5:326-331. 
ALMEIDA, E.; Sabadini, T. (2009) The Global Environmental Kuznets 
 Curve and The Kyoto Protocol. Department of Economics and 
 Finance, Federal University of Juiz de Fora. Discussion Paper Nº 
 36036-330. http://www.ub.edu/sea2009.com/Papers/119.pdf 
 (retrieved 2/02/2014). 
ANG, J. B. (2007) CO2 Emissions, Energy Consumption, and Output in 
 France. Energy Policy; 35: 4772-4778.  
APERGIS, N.;  Payne, J. (2009) CO2  Emissions, Energy Usage, and Output 
 in Central America. Energy Policy; 37:3282-3286. 
APERGIS, N.; Payne,  J. (2010a) The Emissions, Energy Consumption and 
 Growth Nexus: Evidence from the Commonwealth of Independent 
 States. Energy Policy; 38, 650-655. 
APERGIS, N.; Payne, J. (2010b) Renewable Energy Consumption and 
 Economic Growth: Evidence from a Panel of OECD Countries. 
 Energy Policy;38: 656-660. 
APERGIS, N.; Payne J. (2011) Renewable Energy Consumption, Growth, 
 and Economic Development: An Exploratory Panel Analysis. 
 Advances in Energy Research; 9:359-372. 
AROURI, M. R.; Youssef A. B.; M'henni, H.; Rault, C. (2012) Empirical 
 Analysis of the EKC Hypothesis for Sulfur Dioxide Emissions in  
 Selected Middle East and North African Countries, Munich 
 Personal RePEc Archive, MRPA Paper No:46185, 
 http://mpra.ub.uni-
 muenchen.de/46185/1/MPRA_paper_46184.pdf, (retrieved 
 05/12/2013). 
ARROW, K.; Bolin, B.; Costanza, R.; Dasgupta, P.; Folke, C.; Holling, C. S.; 
 Jansson, B. O.; Levin, S.; Mäler, K. G.; Perrings, C.; Pimentel, D. 
 (1995)  Economic growth, carrying capacity, and the environment. 
 Science; 268; 520-521. 
BO, S. (2011) A Literature Survey on Environmental Kuznets Curve. Energy 
 Procedia; 5:1322-1325. 
CAVIGLIA-Harris, J. L.; Chambers, D.; Khan, J. R. (2009) Taking the "U" 
 out of Kuznets. Ecological Economics; 68:1149-1159. 
CHIEN, T.;  Hu, J. L. (2007) Renewable Energy and Macroeconomic 
 Efficiency of OECD and non-OECD Economies. Energy Policy; 
 35:3606–3615.  
CHIEN, T.; Hu, J. L. (2008) Renewable Energy: An Efficient Mechanism to 
 Improve GDP. Energy Policy; 36:3045–3052.  



Fossil & Renewable Energy Consumption, GHGs and Economic 
Growth: Evidence From A Ridge Regression of Kyoto Annex Countries 

62  

CRF, (2013). Council on Foreign Relations (CRF), The Global Climate 
 Change Regime, Issue Brief, http://www.cfr.org/climate-
 change/global-climate-change-regime/p21831, (retrieved 
 10/04/2014). 
CULE, E.; Vineis, P.; De Iorio, M. (2011) Significance Testing in Ridge 
 Regression for Genetic Data. BMC Bioinformatics; 12(1): 372-387. 
DE BRUYN, S. M.; van den Bergh, J. C. J. M.;  Opschoor, J. B. (1998) 
 Economic Growth and emissions: reconsidering the Empirical basis 
 of environmental Kuznets curves. Ecological Economics; 25: 161-175. 
DINDA, S. (2004) Environmental Kuznets Curve Hypothesis:A Survey. 
 Ecological Economics; 49: 431-455. 
EIA, (2011). International Energy Outlook, U.S. Energy Information 
 Administration, 
 http://www.eia.gov/forecasts/ieo/pdf/0484(2011).pdf, (retrieved 
 12/10/2012). 
EROL, U.; Yu, E. S. H. (1987) Time series analysis of the causal 
 relationships between US energy and employment. Resources and 
 Energy; 9: 75–89. 
FERREIRA, E. J.;  Sirmans, G. S. (1988) Ridge Regression in Real Estate 
 Analysis. The Appraisal Journal; 311-319. 
FRIEDL, B.; Getzner, M. (2002) Environment and growth in a smaill open 
 economy: an EKC case-study for Austrian CO2 Emissions. College 
 of Business Administration, University of Klagenfurt, Discussion 
 Paper, No:2002/2, 2002, http://wiwi.uni-
 klu.ac.at/Forschung/2002_02.pdf, (retrieved 10/11/2012).  
GRANADOS, J. A. T.; Carpintero, O. (2009) Dispelling the smoke:CO2 
 emissions and economic growth from a global perspective, 
 http://sitemaker.umich.edu/tapia_granados/files 
 /co2_emissions_and_ gdp_ growth_-_dec_2009_-_f2.pdf, 
 (retrieved 14/01/2013). 
GROSSMAN, G. M.; Krueger, A. B. (1991) Environmental Impacts of a 
 North American Free Trade Agreement. NBER Working Paper no. 
 3914,  http://www.nber.org/papers/w3914.pdf, (retrieved 
 10/10/2012). 
GROSSMAN, G. M.; Krueger, A. B. (1995) Economic Growth and the 
 Environment. The Quarterly Journal of Economics; 110: 353-377. 
GRUNEWALD, N.; Martinez-Zarzoso, I. (2009) Driving factors of carbon 
 dioxide emissions and the impact from Kyoto protocol. CESifo 
 working paper / Energy and Climate Economics No: 2758, 
 file:///D:/PORTO-EVSEH%C4 %B0R /PORTO 
 /Kuznets/cesifo1_wp2758-Grunelveld.pdf, (retrieved 14/11/2013). 
HALICIOGLU, F. (2009) An Econometric study of CO2 emissions, energy 
 consumption, income and foreign trade in Turkey. Energy Policy; 
 37:1156-1164. 

http://www.eia.gov/forecasts/ieo/pdf/0484(2011).pdf
http://wiwi.uni-klu.ac.at/Forschung/2002_02.pdf
http://wiwi.uni-klu.ac.at/Forschung/2002_02.pdf
http://sitemaker.umich.edu/tapia_granados/files%20/co2_emissions_and_%20gdp_%20growth_-_dec_2009_-_f2.pdf
http://sitemaker.umich.edu/tapia_granados/files%20/co2_emissions_and_%20gdp_%20growth_-_dec_2009_-_f2.pdf
http://www.nber.org/papers/w3914.pdf
http://www.econbiz.de/Search/Results?lookfor=%22CESifo+working+paper+%2F+Energy+and+Climate+Economics%22&type=PublishedIn&limit=20
http://www.econbiz.de/Search/Results?lookfor=%22CESifo+working+paper+%2F+Energy+and+Climate+Economics%22&type=PublishedIn&limit=20


 
 Mehmet MERT, Gülden BÖLÜK, Ayça BÜYÜKYILMAZ  

63 

HE, J.; Richard, P. (2010) Environmental Kuznets curve for CO2  in Canada. 
 Ecological Economics; 69; 1083-1093. 
HOERL, A. E.; Kennard, R. W. (1970) Ridge Regression: Applications to 
 Nonorthogonal Problems. Technometrics; 12(1): 55-67. 
HOERL, A. E.; Kennard, R. W.; Baldwin, K. F. (1975) Ridge Regression: 
 Some Simulations. Communication in Statistics; A(2); 105-123. 
HOLTZ-Eakin, D.; Selden, T. M. (1995) Stoking the fires? CO2  Emissions 
 and Economic Growth.  Journal of Public Economics; 57:85-101. 
HONDROYIANNIS, G.; Lolos, S.; Papapetrou, E. (2002) Energy 
 consumption and economic growth: assessing the evidence from 
 Greece. Energy Economics; 24:319–336. 
HUANG, W. M.; Lee, G. W. M.;  Wu, C. C. (2008) GHG emissions, GDP 
 growth and the Kyoto Protocol: A revisit of Environmental 
 Kuznets Curve Hypothesis. Energy Policy; 36:239-247. 
KHANNA, N.;  Plassmann, F. (2004) The Demand for environmental 
 quality and the environmental Kuznets Curve hypothesis. Ecological 
 Economics; 51: 225-236. 
KRAFT, J.; Kraft, A. (1978) On the relationship between energy and GNP. 
 Journal of Energy and Development;  Spring:401-403.  
LEE, C.; Lee, J. (2010) A panel data analysis of the demand for total energy 
 and electricity in OECD countries. Energy Journal;31(1): 1–23. 
LIEB, C. M. (2003) The Environmental Kuznets Curve – A Survey of the 
 Empirical Evidence and of Possible Causes. University of 
 Heidelberg, Discussion Paper Series No. 391, Department of 
 Economics, http://www.uni-
 heidelberg.de/md/awi/forschung/dp391.pdf (retrieved 
 02/11/2013). 
MAHMOODI, M.;  Mahmodi, E. (2011) Renewable Energy Consumption 
 and Economic Growth: The case of 7 Asian Developing Countries. 
 American Journal of Scientific Research; 35: 146-152. 
MARRERO, G. A. (2010) Greenhouse gases emissions, growth and the 
 energy mix in Europe. Energy Economics; 32:1356-1363. 
MARQUARDT, D. W.; Snee, R. D. (1975) Ridge Regression in Practice. 
 JASA Journal of The American Statsitical Associaton; 29:1, 3-20.  
MASIH, A.; Masih, R. (1996) Energy consumption, real income and 
 temporal causality: Results from a multicountry study based on 
 cointegration and error-correction modeling techniques. Energy 
 Economics; 18: 165–183. 
MAZZANTİ, M.; Musolesi, A. (2009) Carbon Kuznets Curves: Long-run 
 Structural Dynamics and Policy Events. Fondazione Eni Enrico 
 Mattei Working Papers, 2009. 
 http://works.bepress.com/massimiliano_mazzanti1/8, (retrieved 
 10/10/2013). 



Fossil & Renewable Energy Consumption, GHGs and Economic 
Growth: Evidence From A Ridge Regression of Kyoto Annex Countries 

64  

NCSS. (2014) Ridge Regression. NCSS Statistical Software, Chapter 335,  
 http://www.ncss.com/wp-
 content/themes/ncss/pdf/Procedures/NCSS/Ridge_Regression.p
 df, (retrieved 10/04/2014). 
OLIVER, J. G. J.; Jansens, G.;  Peters, J. A. H. W. (2012) Trends in Global 
 CO2 Emissions. 2012 Report, JRC Background Studies,  
 http://edgar.jrc.ec.europa.eu/CO2REPORT2012.pdf, (retrieved 
 3/12/2012). 
PANAYOTOU, T. (2003) Economic Growth and the Environment. 
 Economic Survey of Europe, Chapter 2, No:2, 
 http://www.unece.org/fileadmin/DAM/ead/pub/032/032_c2.pdf, 
 (retrieved 15/06/2013). 
PAO, H. T.; Tsa, C. M. (2011) Modelling and forecasting the CO2 
 emissions, energy consumption, and economic growth in Brazil. 
 Energy; 36: 2450-2458. 
PAYNE, J. E. (2010) A survey of the electricity consumption-growth 
 literature. Applied Energy; 87:723-731. 
RICHMOND, A. K.; Kaufmann, R. K. (2006) Is there a Turning Point in 
 the Relationship between Income and Energy Use and/or Carbon 
 Emissions? Ecological Economics; 56:176-189.  
SABOORI, B.; Sulaiman, J. (2012)  M Saidatulakmal Economic growth and 
 CO2 emissions in Malaysia: A cointegration analysis of the 
 Environmental Kuznets Curve. Energy Policy; 51:184-191. 
SADORSKY, P. (2009a) Renewable energy consumption and income in 
 emerging economies. Energy Policy; 37 (10):4021–4028. 
SADORSKY, P. (2009b) Renewable energy consumption, CO2 emissions 
 and oil prices in G7 countries. Energy Economics; 31(3): 456-462. 
SANTILLI, M.; Moutinho, P.; Schwartzman, S.; Nepstad D.; Curran,  L.; 
 Nobre C. (2005) Tropical deforestation and the Kyoto Protocol: 
 An editorial essay. Climatic Change; 71:267–276. 
SHAFIK, N. (1994) Economic development and environmental quality: An 
 econometric analysis. Oxford Economic Papers; 46:757-773. 
SOYTAS, U.; Sari, R. (2009) Energy consumption, economic growth and 
 carbon emissions: Challenges faced by an EU candidate member. 
 Ecological Economics; 68: 1667-1675.  
SOYTAS, U.; Sari, R. (2003) Energy consumption and GDP: causality 
 relationship in G-7 countries and emerging markets. Energy 
 Economics; 25:33–37. 
SOYTAS, U.; Sari, U.; Ewing, B. T. (2007) Energy consumption, income 
 and carbon emissions in the United States.  Ecological Economics; 62; 
 482-489.  
STERN, D.  I. (2004) The Rise and Fall of the Environmental Kuznets 
 Curve. World Development; 32(8); 1419-1439. 

http://edgar.jrc.ec.europa.eu/CO2REPORT2012.pdf
http://www.unece.org/fileadmin/DAM/ead/pub/032/032_c2.pdf


 
 Mehmet MERT, Gülden BÖLÜK, Ayça BÜYÜKYILMAZ  

65 

SULEIMAN, J.; Azman, A.; Saboori, B. (2013) Evidence of the 
 environmental Kuznets curve: implications of industrial trade data. 
 American Journal of Environmental Science;  9(2):103-112. 
TUCKER, M. (2001) Trading carbon tradable offsets under Kyoto's clean 
 development mechanisms: the economic advantages to buyers and 
 sellers of using call options. Ecological Economics; 37: 173-182. 
UN. (2013)  Kyoto Protocol, United Nations,   
 https://unfccc.int/kyoto_protocol/items/2830.php (retrieved 
 03/10/2013). 
VILLANUEVA, I. A. (2012) Introducing Institutional Variables In the 
 Environmental Kuznets Curve (EKC): A Latin American Study. 
 Annals of the „Constantin Brâncuşi” University of Târgu Jiu, Economy Series, 
 Issue 1/2012, 
 file:///C:/Users/win7/Downloads/introducing_institutional_varia
 bles%20(1).pdf (retrieved 05/01/2014). 
YANDLE, B.; Vijayaraghavan, M.; Bhattarai, M. (2002) The Environmental 
 Kuznets Curve A Premier. PERC Research Study; 02-1, 
 http://www.macalester.edu/~wests/econ231/yandleetal.pdf, 
 (retrieved 04/10/2013). 
YU, E. S. H.; Choi, J. Y. (1985)  The causal relationship between energy and 
 GNP: an international comparison. Journal of Energy and Development; 
 10: 249–272. 
YU, E. S. H.;  Jin, J. C. (1992) Cointegration tests of energy consumption, 
 income, and employment. Resources and Energy; 14; 259-266.  
ZEB, R.; Salar, L.; Awan, U.; Zaman, K.; Shahbaz, M. (2014) Causal links 
 between renewable energy, environment degradation, and economic 
 growth in selected SAARC countries: Progress towards green 
 economy. Renewable Energy; 71: 123-132. 
ZHAO, X. (2011) The Impact of CO2 Emission Cuts on Income. 
 Agricultural & Applied Economics Association’s 2011 AAEA & 
 NAREA Joint Annual Meeting, July 24-26, 2011. Pittsburgh, 
 Pennsylvania, USA,  
 http://ageconsearch.umn.edu/bitstream/103412/2/Zhao-1-
 the%20impact %20of% 20The%20cost %20of 
 %20CO2%20emission%20cuts%20on%20income.pdf, (retrieved 
 5/12/2012). 
ZHANG, X. P.; Cheng, X. M. (2009) Energy consumption, carbon 
 emissions, and economic growth in China.  Ecological Economics; 
 68(10): 2706–2712. 
 
 
 
 
 

http://core.ac.uk/download/pdf/27244600.pdf
http://core.ac.uk/download/pdf/27244600.pdf
http://ageconsearch.umn.edu/bitstream/103412/2/Zhao-1-the%20impact%20%20of%25%2020The%20cost%20%20of%20%20CO2%20emission%20cuts%20on%20income.pdf
http://ageconsearch.umn.edu/bitstream/103412/2/Zhao-1-the%20impact%20%20of%25%2020The%20cost%20%20of%20%20CO2%20emission%20cuts%20on%20income.pdf
http://ageconsearch.umn.edu/bitstream/103412/2/Zhao-1-the%20impact%20%20of%25%2020The%20cost%20%20of%20%20CO2%20emission%20cuts%20on%20income.pdf


Fossil & Renewable Energy Consumption, GHGs and Economic 
Growth: Evidence From A Ridge Regression of Kyoto Annex Countries 

66  

Appendix 1:Annex Countries and country groups 
Annex II Parties Economics in Transition Others 
Australia Belarus Turkey 

Austria Bulgaria Monaco 

Belgium Croatia  

Canada Czech Republic  

Denmark Estonia  

Finland Hungary  

France Latvia  

Germany Lithuania  

Greece Poland  

Iceland Romania  

Ireland Russia  

Italy Slovak Republic  

Japan Slovenia  

Luxemburg Ukraine  

Netherlands   

New Zealand   

Norway   

Portugal   

Spain   

Sweden   

Switzerland   

United Kingdom   

United States   

Source: Huang et al, 2008, p.241. 
 
Appendix 2 : Descriptive Statistics of the variables for countries 

 

Country Variables Mean  Median St. Deviation  Min.  Max. 

 CO2 8.34 8.31 0.47 7.44 9.02 
Austria GDP 37251.91 37067.32 1767.12 35027.30 39895.11 
 REN 530.06 503.08 128.17 391.19 758.53 
  FOS 2937.64 2913.96 159.75 2676.10 3163.76 

 CO2 17.53 17.41 0.48 16.73 18.14 
Australia GDP 33775.83 34011.74 2005.00 30854.82 36202.84 
 REN 247.54 256.82 29.41 189.12 275.50 
  FOS 5266.44 5267.06 75.66 5106.50 5394.15 

 CO2 5.98 6.11 0.52 5.30 6.59 
Belarus GDP 3208.23 3126.37 870.85 2102.27 4524.67 
 REN 133.48 131.18 27.63 95.74 177.49 
  FOS 2522.88 2557.44 176.07 2251.63 2736.71 

 CO2 10.38 10.36 0.60 9.65 11.29 
Belgium GDP 35787.05 36011.47 1311.19 34008.54 37582.66 
 REN 172.34 153.45 60.92 101.02 285.40 
  FOS 4143.48 4127.63 157.10 3892.68 4341.48 

 CO2 6.05 6.01 0.46 5.33 6.89 
Bulgaria GDP 3696.93 3733.26 658.66 2706.57 4561.33 
 REN 93.69 96.95 16.28 67.80 123.87 
  FOS 1817.43 1790.46 126.38 1658.49 2041.17 

 CO2 16.65 16.91 0.93 14.63 17.46 
Canada GDP 34514.14 34583.43 1291.10 32497.23 36182.91 
 REN 367.25 370.31 13.56 348.46 389.68 
  FOS 6085.62 6207.82 323.66 5466.43 6398.06 

 CO2 5.03 5.19 0.32 4.44 5.50 
Croatia GDP 9875.39 10090.37 1091.80 8141.48 11376.47 
 REN 79.90 82.21 7.75 66.91 89.98 
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  FOS 1660.21 1697.30 98.08 1483.59 1820.37 

 CO2 11.63 11.95 0.63 10.31 12.15 
Czech Rep. GDP 12578.86 12705.61 1557.70 10361.20 14554.94 
 REN 181.00 170.56 37.78 132.99 252.08 
  FOS 3575.32 3652.73 171.54 3190.46 3729.28 

 CO2 9.08 9.15 0.70 8.06 10.34 
Denmark GDP 46888.36 46379.66 1584.80 45339.69 49554.91 
 REN 475.69 487.63 97.70 326.89 644.22 
  FOS 3002.09 3074.68 218.02 2649.71 3343.11 

 CO2 12.29 12.47 1.07 10.99 14.05 
Estonia GDP 9785.30 10109.68 1675.40 7186.83 12265.80 
 REN 445.11 432.31 66.23 374.10 601.58 
  FOS 3366.55 3454.06 274.46 2953.16 3817.00 

 CO2 11.45 11.53 1.14 9.96 13.21 
Finland GDP 36866.66 36995.04 2570.76 33217.07 40712.85 
 REN    1379.63 1364.33 93.38 1238.51 1539.88 
  FOS 3378.94 3322.46 275.93 3025.81 3826.59 

  CO2 5.99 6.01 0.27 5.52 6.29 
France GDP 33604.90 33492.69 861.04 32392.11 34982.13 
 REN 192.88 183.53 21.45 172.05 237.98 
  FOS 2164.85 2183.83 100.39 1990.01 2267.45 

 CO2 9.76 9.82 0.44 8.94 10.37 
Germany GDP 24049.58 23564.38 997.90 22945.71 25620.08 
 REN 197.34 158.06 91.31 95.63 359.62 
  FOS 3323.65 3369.58 139.62 3028.03 3518.29 

 CO2 8.56 8.68 0.33 7.67 8.89 
Greece GDP 21142.24 21310.19 1833.28 18040.71 23431.47 
 REN 92.73 92.12 4.86 87.41 105.53 
  FOS 2444.56 2484.63 100.12 2206.53 2544.70 

 CO2 5.51 5.60 0.29 4.86 5.83 
Hungary GDP 10456.14 10766.34 939.26 8810.08 11533.82 
 REN 116.11 113.48 41.15 74.22 187.71 
  FOS 2052.13 2051.06 111.63 1840.23 2198.34 

 CO2 7.22 7.43 0.53 6.17 7.69 
Iceland GDP 52315.54 52001.27 4041.94 46985.73 58009.79 
 REN 7.93 5.82 4.78 4.35 20.16 
  FOS 2909.69 2861.19 118.58 2761.99 3147.79 

 CO2 10.34 10.47 0.80 8.94 11.42 
Ireland GDP 46901.34 46732.80 3019.22 41695.66 51676.84 
 REN 52.45 51.24 16.27 36.11 83.71 
  FOS 3165.50 3144.22 204.96 2824.95 3455.73 

 CO2 7.70 7.92 0.53 6.67 8.13 
Italy GDP 30246.06 30421.73 726.41 28807.54 31263.49 
 REN 75.57 71.22 32.47 39.53 144.46 
  FOS 2712.60 2760.80 157.86 2396.35 2855.42 

 CO2 9.50 9.61 0.34 8.63 9.86 
Japan GDP 35390.71 35324.41 1205.01 33956.81 37185.30 
 REN 53.23 51.73 9.43 43.80 77.74 
  FOS 3259.41 3292.53 106.59 2997.66 3371.64 

 CO2 3.11 3.08 0.26 2.63 3.48 
Latvia GDP 6599.29 6898.99 1370.48 4560.84 8699.39 
 REN 498.22 513.93 51.53 399.47 577.00 
  FOS 1219.30 1208.70 110.42 1023.56 1372.44 

 CO2 3.98 3.88 0.33 3.49 4.50 
Lithuania GDP 7339.10 7603.97 1463.40 5097.93 9426.21 
 REN 247.56 245.76 40.77 184.37 302.29 
  FOS 1489.68 1458.22 157.61 1195.55 1711.27 

 CO2 22.00 21.93 1.91 18.89 24.82 
Luxemburg GDP 79321.81 79295.53 4920.56 72394.19 87716.73 
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REN 206.34 200.31 73.19 116.42 308.23 

  FOS 7549.96 7491.72 704.99 6372.53 8586.29 

 CO2 1.44 1.48 0.16 1.18 1.66 
Monaco GDP 1946.94 1929.20 225.71 1608.99 2293.30 
 REN 405.80 404.92 50.75 341.42 482.59 
 FOS 1120.49 15.30 3494.96 15.19 11067.32 

 CO2 10.56 10.55 0.24 10.23 10.96 
Netherland GDP 39555.05 39122.29 1811.76 37546.80 42467.27 
 REN 155.54 163.30 37.43 108.77 209.31 
 FOS 4469.05 4471.51 109.03 4315.38 4711.46 

 CO2 8.15 8.21 0.48 7.22 8.89 
New Zealand GDP 26815.55 27257.10 1176.31 24470.02 28352.41 
 REN 289.46 290.95 20.62 246.81 316.21 
 FOS 2839.59 2773.74 197.49 2551.33 3170.26 

 CO2 9.53 9.34 0.93 8.25 11.70 
Norway GDP 64414.39 64589.98 2367.74 60726.25 67804.55 
 REN 297.94 296.86 20.80 273.06 353.27 
 FOS 3390.16 3291.17 321.53 2930.73 4046.33 

 CO2 8.05 7.98 0.22 7.77 8.39 
Poland GDP 8213.03 7963.02 1191.10 6789.84 10035.85 
 REN 135.65 124.24 28.80 105.70 198.92 
 FOS 2324.06 2288.23 87.21 2218.51 2452.10 

 CO2 5.81 5.87 0.44 4.92 6.44 
Portugal GDP 18309.33 18239.19 277.31 17952.89 18780.51 
 REN 285.46 281.19 15.46 267.87 314.30 
 FOS 1934.40 1968.40 147.20 1663.17 2123.55 

 CO2 4.28 4.40 0.35 3.67 4.75 
Romania GDP 4557.37 4572.05 787.36 3339.64 5675.42 
 REN 150.08 151.13 28.34 106.59 192.70 
 FOS 1451.09 1500.67 122.00 1226.73 1579.06 

 CO2 11.31 11.14 0.56 10.65 12.23 
Russia GDP 5318.36 5337.07 999.83 3878.10 6649.40 
 REN 47.13 47.14 2.70 42.55 52.51 
 FOS 4132.85 4110.11 208.09 3857.08 4474.36 

 CO2 7.02 7.20 0.35 6.25 7.34 
Slovakia GDP 11660.82 11384.53 2039.37 8957.42 14360.42 
 REN 97.04 83.82 33.78 61.96 164.34 
 FOS 2415.41 2451.03 113.17 2162.81 2526.08 

 CO2 7.79 7.77 0.36 7.17 8.50 
Slovenia GDP 17776.17 17854.63 1887.39 15033.47 20706.67 
 REN 248.33 236.58 31.45 215.84 317.46 
 FOS 2442.48 2415.50 107.42 2261.52 2659.27 

 CO2 7.39 7.61 0.73 5.85 8.14 
Spain GDP 25652.69 25595.99 1018.44 23920.93 27136.09 
 REN 118.09 115.34 13.99 102.04 143.12 
 FOS 2502.89 2538.73 192.79 2110.22 2729.34 

       CO2 5.64 5.61 0.47 4.70 6.43 
Sweden       GDP 40301.98 40534.54 2570.96 36576.19 43649.95 
      REN 1006.55 992.26 124.79 862.51 1268.88 
       FOS 1894.24 1868.47 164.33 1561.84 2172.67 

 CO2 5.43 5.47 0.27 4.95 5.94 
Switzerland GDP 52277.31 51734.30 2135.25 49843.38 55377.82 

 REN 275.17 274.41 15.65 252.39 299.27 
 FOS 1887.03 1905.51 92.06 1726.46 2058.23 

 CO2 3.62 3.50 0.39 3.03 4.13 
Turkey GDP 6896.48 7129.59 803.56 5687.24 7833.53 
 REN 80.80 79.07 13.28 63.19 103.09 
 FOS 1132.02 1097.15 131.74 946.26 1302.27 

 CO2 6.80 6.98 0.46 5.68 7.37 
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Ukraine GDP 1755.81 1828.72 331.06 1210.69 2205.58 
 REN 15.14 5.55 12.30 5.32 34.81 
 FOS 2369.80 2371.18 163.73 1963.74 2564.71 

 CO2 8.76 8.97 0.52 7.69 9.31 
UK GDP 37447.23 37559.73 2106.43 34058.66 40452.52 
 REN 61.84 64.01 19.12 32.63 93.57 
 FOS 3155.13 3226.95 188.47 2775.58 3346.78 

 CO2 19.15 19.58 0.94 17.32 20.25 
USA GDP 43219.51 43273.71 1674.04 40946.37 45431.03 
 REN 257.11 259.54 20.08 225.84 288.71 
 FOS 6569.63 6724.68 323.01 5937.40 6919.26 

 


