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INTRODUCTION 

Relevance of the topic 

Over the last several decades, environmental pollution has become one of the greatest 

global issues caused by ever-increasing greenhouse gases (GHGs) in the atmosphere, the main 

components of which are carbon dioxide emissions (CO2). The danger of CO2 emissions lies in 

the fact that they result in global warming and climate change, the evidence of which is already 

noticeable in increasing of the temperature of air and water, melting of snow and ice, raising the 

sea level, and depletion of flora and fauna. In the meantime, globalization which has influenced 

political, economic, and social areas of our life, by all accounts, has both positive and negative 

impacts on the environment through different channels. The increased volume of international 

trade in connection with globalization has resulted in an increase in economic growth and hence a 

change in CO2 emissions (Ahmed et. al., 2016a; Ahmed et. al., 2016b), raising concerns over 

environmental sustainability. Therefore, considering the attention that has been paid to CO2 

emissions and globalization in recent years, the establishment of its impact on CO2 emission, as 

an indicator of environmental pollution, is significant for Lithuania. Furthermore, given that 

economic growth has resulted in a rise in CO2 emissions, it is also important to test the 

Environmental Kuznets Curve (EKC) hypothesis, which states that firstly economic growth 

impacts the environment negatively, and later when a certain level of income per capita is reached 

it has a positive impact on environmental quality, to check whether economic growth is a problem 

or the solution for environmental degeneration in the case of Lithuania. (Kalaycı and Hayaloğlu, 

2019). 

The level of exploration of the topic and research gap 

Many scholars have devoted themselves to the studies of the nexus of globalization with 

CO2 emissions under the framework of the EKC hypothesis in the recent few years (You and Lv, 

2018; Kalaycı and Hayaloğlu, 2019; Zafar et al., 2019; Liu et al., 2020; Vlahinić Lenz and Fajdetić, 

2021; Wen et al., 2021). While some of these studies focused on the environmental impact of 

different variables that can be regarded as globalization indicators, others concentrated on the 

influence of globalization indices itself on the environment (Destek, 2020). 

However, there is a literature gap in studying this subject. Firstly, there is no unanimous 

answer on the influence of globalization on CO2 emissions in single-country and multiple-country 

studies. For example, Destek and Ozsoy (2015) and Shahbaz et al. (2017c) discovered that 

globalization decreases CO2 emissions in Turkey and China, which differs from the results of 

Khan et al. (2022), who found that globalization increases CO2 emissions in Pakistan. According 
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to the multiple-country studies of Zaidi et al. (2019), and Zafar et al. (2019) globalization lowers 

CO2 emissions. On the other hand, Shahbaz et al. (2015b), Shahbaz et al. (2017a), Shahbaz et al. 

(2017d), Solarin et al. (2017), Saint Akadiri et al. (2019), Kalaycı and Hayaloğlu (2019), Destek 

(2020), and Wen et al. (2021) concluded in their multiple-country studies that globalization 

increases CO2 emissions. With respect to such globalization indicator as trade openness, the 

positive relationship between trade openness and CO2 emissions was confirmed by Kasman and 

Duman (2015), Bento and Moutinho (2016), Kalaycı and Hayaloğlu (2019). However, Shahbaz et 

al. (2012), Sun et al. (2019), Sinha et al. (2017), and Q. Zhang et al. (2017), Al-Mulali et al. 

(2015a) found that trade openness decreases CO2 emissions. However, according to Ohlan (2015), 

the statistically significant influence of trade openness on CO2 emissions was not found in the 

case of India.  

Secondly, there is also no consentaneous answer on the validity of the EKC hypothesis in 

single-country studies. On the one hand, the validity of the EKC hypothesis for the nexus of CO2 

emissions and economic growth has been proven in the time-series single country studies of Esteve 

and Tamarit (2012) for Spain, Saboori et al. (2012) for Malaysia, Shahbaz et al. (2012) for 

Pakistan, Ozturk and Acaravci (2013) for Turkey, Kanjilal and Ghosh (2013) and Tiwari et al. 

(2013) for India, Baek and Kim (2013) for Korea, Destek and Ozsoy (2015) for Turkey, Shahbaz 

et al. (2015a) for Portugal, Shahbaz et al. (2015b) for India, Balsalobre-Lorente and Shahbaz 

(2016) for Spain, Bento and Moutinho (2016) for Italy, Shahbaz et al. (2017c) for China, Sinha 

and Shahbaz (2018) for India, and Rahman et al. (2020) for Lithuania. On the other hand, the 

existence of the EKC hypothesis between CO2 emissions and economic growth was not found in 

the studies of Akbostancı et al. (2009) and Ozturk and Acaravci (2010) for Turkey, Fodha and 

Zaghdoud (2010) for Tunisia, Al-Mulali et al. (2015b) for Vietnam, Ozturk and Al-Mulali (2015) 

for Combodia as well as Dogan and Turkekul (2016) for the USA. 

Thirdly, although the study of Kalaycı and Hayaloğlu (2019) investigated the influence of 

globalization and trade openness on CO2 emissions, testing the validity of the EKC hypothesis for 

the NAFTA countries, previous research works fail to do such an analysis for Lithuania.  

Novelty of the master thesis 

This thesis makes a couple of contributions to the existing literature. Firstly, this study 

employs the overall KOF globalization index proposed by Dreher (2006) to investigate the overall 

effect of three different aspects of globalization, namely economic, social, and political 

globalization, on the environment under the framework of the EKC in Lithuania. Although 

Rahman et al. (2020) tested the validity of the EKC hypothesis for Lithuania before, the authors 

did not include the KOF globalization index as a determinant of CO2 emissions in their study. 

Secondly, while Kalaycı and Hayaloğlu (2019) did similar research for the case of NAFTA 
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countries, they did not implement autoregressive distributed lag (ARDL) cointegration analysis as 

the methodology in their study. Therefore, the lack of investigation of the impact of globalization 

on pollution under the EKC hypothesis in the case of Lithuania and the aforementioned 

explanations of the biased existing empirical results are the reason for examining empirically the 

nexus of globalization with CO2 emissions under the framework of the EKC hypothesis model in 

Lithuania over the period 1995-2019.  

Research question or problem of the master thesis 

Environmental pollution has become one of the greatest global issues resulting in global 

warming and climate change caused by ever-increasing CO2 emissions. However, such a 

worldwide phenomenon as globalization has influenced our environment both positively and 

negatively through different channels. The increased volume of international trade in connection 

with economic globalization has resulted in an increase in economic growth and hence a change 

in CO2 emissions (Ahmed et al., 2016a; Ahmed et al., 2016b), raising concerns over 

environmental sustainability. In order to examine what is the effect of globalization on pollution, 

the problem statement is formulated as follows. 

What is the influence of globalization on carbon dioxide emissions under the framework 

of the EKC hypothesis in Lithuania? 

The aim of the master thesis 

This research aims to evaluate the impact of globalization on CO2 emissions while testing 

the EKC hypothesis in Lithuania over the period 1995-2019.  

The objectives of the master thesis 

The following objectives are defined to accomplish the stated aim: 

1. To systemize and analyze previous studies on the subject of the nexus of globalization 

and economic growth with CO2 emissions; 

2. To design a theoretical study model from the literature analysis; 

3. To construct the methodology of how the study will be issued; 

4. To apply statistical data analysis methods (descriptive statistics and autoregressive 

distributed lag cointegration analysis) to find how globalization influences CO2 

emissions and examine the validity of the EKC hypothesis in Lithuania; 

5. To develop conclusions and suggestions. 

Object of research 

The research object for this study is the impact of globalization, trade openness, and 

economic growth on CO2 emissions in Lithuania. 
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The methods deployed by the master thesis  

The Autoregressive Distributed Lag Approach (ARDL) to cointegration, which was 

proposed by Pesaran and Shin (1995) and Pesaran et al. (1996), is used to examine the framework 

of the Environmental Kuznets Curve (EKC) hypothesis for Lithuania to test the existence of long-

run relationships between variables. To be sure that the order of integration of the variables is I(0) 

or I(1) before proceeding to the estimation stage, the weighted symmetric ADF test (ADF-WS) of 

Park and Fuller (1995) is used as a unit root test. The ARDL bounds testing technique comprises 

two steps to estimate the long-run relationship. The first step lies in the determination of 

cointegration through the bound test to confirm the existence of a long-run relationship among all 

variables in the equation. The second step lies in the estimation of the long-run and short-run 

models. The bounds testing is based on the joint F-statistic or Wald statistic (Narayan, 2005), 

while the former tests the significance of association, and the letter tests the significance of all the 

variables in the cointegration test.  If the calculated F-statistics lies above the upper level of the 

band, after comparing of the value of the F-statistic with critical values of upper and lower bound, 

cointegration exists.  

Structure of the master thesis 

The thesis consists of three major segments, the first one, composed of three sub-segments, 

reviews the literature on theoretical questions and other relevant previous research endeavors in 

examining the influence of globalization, trade openness, and economic growth on CO2 emissions. 

The second segment is divided into two sub-segments methodology of data collection and 

methodology of data processing, while the first sub-segment consists of the description of research 

variables, research questions, study model, and data gathering. The third part of this research 

provides a detailed analysis of the empirical research results as well as conclusions and 

recommendations. 
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1. LITERATURE REVIEW 

1.1 Globalization and CO2 emissions  

There are plenty of studies on the role of globalization in environmental pollution, and 

their results differ depending on the countries or regions analyzed. The reason for such a difference 

lies in the fact that these countries have predominantly various levels of development, 

technological advances, and environmental policies. Globalization, being a multidimensional 

process, impacts the economic, political, and cultural aspects of our lives (Robertson and White, 

2007). Economic globalization, for example, is a long-term process that, starting in the 1980s with 

technological advances, has improved international transactions, both in trade and finance (The 

International Monetary Fund, 2008). Suci et al. (2016) determined globalization as the increasing 

integration of countries and societies across the world. With regard to political globalization, it 

defines the extent of the state’s involvement in international policy (Goryakin et al., 2015). And 

the role of political globalization lies in the elimination of the inequalities caused by economic 

globalization as a result of encouraging governments to adopt global institutions (Guzel et al., 

2021). Social globalization means the cultural integration of people worldwide that changes their 

lifestyles as well as consumption and communication habits (Guzel et al., 2021). With respect to 

cultural globalization, Gygli et al. (2019) stated that it is the diffusion of Western culture through 

music, series, films, programs, and other pieces of art.  

There are various indexes that were created to measure globalization. These indexes, while 

including the main aspects of globalization, have different methodological approaches. The KOF 

Globalization Index, introduced by Dreher (2006), is a measurement of the economic, political, 

and social dimensions of globalization. This index was revised by Gygli et al. (2019) and two new 

measures such as de jure and de facto globalization were added. According to Martens et al. (2015) 

facto and de jure globalization, give more accurate results. Then the Maastricht Globalization 

Index was introduced, including cultural and environmental dimensions. This index was improved 

by Figge and Martens (2014), including five major aspects: political, economic, sociocultural, 

technological, and environmental. In addition, The New Globalization Index (NGI) was developed 

by Vujakovic (2010), covering the economic, social, and political fields.  

However, the majority of studies used the KOF Globalization index, taken from the KOF 

Globalization Index database of Dreher (2006), to determine the influence of globalization on the 

environment. For example, Destek (2020) and Guzel et al. (2021), Muhammad and Khan (2021) 

conducted research using the overall KOF globalization index as well as economic, social, and 

political KOF globalization indexes. The scientific works of Leitão (2014), Shahbaz et al. (2017d), 
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Zafar et al. (2019), Saint Akadiri et al. (2019), Salahuddin et al. (2019), Khan et al. (2021), 

Vlahinić Lenz and Fajdetić (2021), Wen et al. (2021) also utilized overall KOF globalization index 

in the analysis of the effects of globalization on carbon dioxide emissions. You and LV (2018) 

and Kalayci and Hayaloglu (2019) examined globalization through the economic KOF 

globalization index that is calculated from trade and financial globalization. 

By focusing on carbon dioxide emissions, they remain the most influential factor in 

declining environmental sustainability resulting in global warming and climate change (Solomon 

et al., 2009). The concentration of CO2 emissions has considerably increased by around 45% in 

the last 130 years (Carbon Footprint, 2018). Moreover, according to the Statistical Review of 

World Energy, CO2 emissions increased from 29,714.2 million tons in 2009 to 

33,444.0 million tons in 2017 (British Petroleum, 2018). Global CO2 emissions have increased by 

1.6%, while European emissions increased by 2.5 % between 2006 and 2017 (British Petroleum, 

2018). Therefore, the reduction of CO2 emissions, which constitute around 80% of greenhouse 

gas emissions (Eurostat, 2020), has consistently become a vital goal of developed countries. In 

pursuing this goal, The Paris Agreement, which entered into force in 2020, was adopted worldwide 

to fight climate change by limiting global average temperatures to 2 °C above pre-industrial levels 

(United Nations, 2015).  

In general, most of the authors focused on studying economic globalization and found that 

it can influence the environment in a positive and negative way, depending on the level of 

development of the country. Hence, according to Copeland and Taylor (2004), the relocation of 

highly polluting industries to developing countries with poor environmental regulation results in 

environmental degeneration. Dinda (2004) stated that economically globalized countries may have 

the tendency to pay less attention on their CO2 emissions, putting their economic goals on the first 

place. Kalayci and Hayaloglu (2019), studying the influence of globalization and trade openness 

on CO2 emissions in NAFTA countries between 1990 and 2015, stated that globalization increases 

global trade and capital movements all around the world. It leads to the development of new 

technologies as a result of cooperation and competition among countries, which, in the meantime, 

increases their income. Companies in such high-income countries tend to have environmental-

friendly methods of production, which is beneficial for the environment. On the other hand, 

Kalayci and Hayaloglu (2019) also stated that globalization causes problems in the environment. 

Hence, in such countries that use energy-intensive technologies, globalization can result in 

environmental degradation. Furthermore, environmental protection policies in advanced countries 

motivate corporations to move their manufacturing to developing countries where environmental 

standards are not strict. The authors confirmed that economic globalization and trade openness 

impact CO2 emissions negatively. Dinda (2006) examined the influence of globalization on the 



11 
 

pollution level, pollution intensity, and relative change of pollution for the developed (OECD) and 

developing (Non-OECD) countries and the whole world between 1965 and 1990. The author 

stated that the role of globalization in environmental quality considerably depends on certain 

features of a country. The empirical results of the analysis also demonstrated that globalization 

lowers carbon dioxide emissions in advanced countries and it increases carbon dioxide emissions 

in developing countries. However, according to the study of Rennen and Martens (2003), 

economic globalization can improve environmental conditions. The studies of Gallagher (2009) 

explain it through the spreading of green technologies in developing countries. Moreover, the 

influence of real GDP, energy intensity, and globalization on CO2 emissions in 19 African 

countries was investigated in the studies of Shahbaz et al. (2016) using ARDL bound test and the 

results showed that in such countries as Angola, Cameroon, Congo Republic, Kenya, Libya, 

Tunisia, and Zambia globalization reduces CO2 emissions while it increases them in Ghana, 

Morocco, South Africa, Sudan, and Tanzania. Shahbaz, Mahalik, Shahzad, and Hammoudeh 

(2019) found that CO2 emissions are reduced because of globalization in middle and high-income 

countries, but are increased in low-income countries. Shahbaz et al. (2017c) conducted similar 

research for China and came to the conclusion that globalization increases per capita income 

leading to technological advancement that improves environmental quality in the country. 

Similarly, using a spatial regression model, You and Lv (2018) also revealed that economic 

globalization diminishes CO2 emissions in high-income countries.   

However, a positive relationship between globalization and CO2 emissions was found in 

the studies of Shahbaz et al. (2017a) for 25 developed countries in Asia, North America, Western 

Europe, and Oceania and Shahbaz et al. (2017d) for Japan, using the threshold ARDL approach, 

which is opposite to the findings of the abovementioned authors for developed countries. The 

authors recommended the government to concentrate on decreasing CO2 emissions while revising 

energy policy to undertake sustainable development. Similarly, Solarin et al. (2017) stated that 

globalization increases CO2 emissions after investigating their nexus for Malaysia using the 

ARDL and FMOLS techniques. But after investigating the nexus between CO2 emissions, real 

income, renewable energy consumption, and globalization in Portugal with the VECM Granger 

causality method, Leitão (2014) found that CO2 emissions are not influenced by globalization. 

According to Salahuddin et al. (2019), globalization does not significantly affect CO2 emissions 

in Sub-Saharan African (SSA) countries. Therefore, even though a couple of studies did not find 

any effects of globalization on the environment, most of the longitudinal research found that 

globalization increases carbon dioxide emissions. 

On the other hand, it was shown in many studies that globalization can be beneficial to the 

environment. For instance, Shahbaz et al. (2013b), while analyzing the impact of real income, 



12 
 

energy consumption, and overall globalization index on CO2 emissions in Turkey through the 

ARDL bound test, discovered that globalization decreases CO2 emissions. The nexus between 

real GDP, energy consumption, urbanization, economic globalization, and CO2 emissions in 

Turkey was studied by Destek and Ozsoy (2015) with ARDL bound test and asymmetric causality 

approach and it was also found that economic globalization reduces CO2 emissions. Shahbaz et 

al. (2017c) concluded that globalization is beneficial for environmental quality in the case of 

China. Zaidi et al. (2019) also stated that globalization decreases CO2 emissions for the Asia 

Pacific Economic Cooperation countries. Zafar et al. (2019) examined the effects of globalization 

on the environment in OECD countries between 1990 and 2014 and the authors found that 

globalization lowers carbon dioxide emissions in these countries. Furthermore, Saint Akadiri et 

al. (2019), testing the impact of globalization in Italy between 1970 and 2914, also found that it 

leads to the enhancement of the environmental state and a decrease in carbon dioxide emissions 

in the long run. Sabir and Gorus (2019) tested the effects of economic globalization and 

technological advancement on the environment in South Asian countries between 1975 and 2017. 

It was found that globalization influenced the environment positively. Therefore, lots of 

longitudinal research found that globalization reduces carbon emissions in developed and 

developing countries. 

Although lots of effort was made to assess economic globalization, several studies 

analyzed globalization as a broader concept while examining its influence on environmental 

quality. For example, Destek (2020) tested the influence of various dimensions of globalization 

on the environment using the overall globalization index, economic globalization index, social 

globalization index, and political globalization index in 12 countries in Central and Eastern 

Europe. The analysis showed that economic globalization influences the environment negatively 

because the rise in trade openness and foreign direct investments results in growing emission 

levels. While it was confirmed that social globalization does not influence carbon dioxide 

emissions, political globalization lowers them. The reason for this is that the countries in question 

have enforced environmental policies. It was also found that overall globalization increases carbon 

dioxide emissions. Similarly, Leal and Marques (2019) studied the influence of economic, social, 

and, political globalization, including de jure and de facto measures, on the environment in 25 

countries of the EU between 1990 in 2016. The results showed that overall globalization increases 

carbon dioxide emissions. In addition, it was found that the de jure measure has a bigger impact 

on high-globalized countries, while the de facto measure has a bigger impact on low-globalized 

countries. Muhammad and Khan (2021) also investigated the influence of different aspects of 

globalization on carbon emissions in 31 developed and 155 developing countries between 1991 

and 2018. The empirical results showed that social globalization contributes to the reduction in 
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carbon dioxide emissions in developed as well as developing countries. Furthermore, while 

economic globalization increases carbon dioxide emissions in advanced countries, it decreases 

them in developing countries. However, political globalization affects pollution negatively. 

Vlahinić Lenz and Fajdetić (2021) investigated the role of globalization in carbon dioxide 

emissions for 26 countries of the EU between 2000 and 2018. It was confirmed that economic 

globalization increases greenhouse gas emissions. However, social and political globalization 

improves environmental quality. The impact of overall globalization and economic, social and 

political globalization indices, energy consumption, and real income on CO2 emissions in India 

was studied by Shahbaz et al. (2015b) with ARDL bound test and the results showed that economic 

globalization decreases CO2 emissions while overall, social and political globalization increase 

them. Khan et al. (2019) reported that economic, social, and political globalization have a positive 

impact on CO2 emissions in Pakistan. While investigating China with ARDL bound test, Shahbaz 

et al. (2017c) concluded that all types of globalization indices decrease CO2 emissions. The nexus 

between overall, economic, social, and political globalization indices on CO2 emissions was 

examined by Xu et al. (2018) for Saudi Arabia with the ARDL approach and the results showed 

that economic globalization increases CO2 emissions but overall, social and political globalization 

doesn’t have an impact on CO2 emissions. 

In contrast to the abovementioned studies that used globalization indices for the 

assessment, there are also scientific works that analyzed the effects of different variables, that can 

be viewed as indicators of globalization, on the environmental quality. Thus, one of the most 

important globalization indicators is trade openness, which is also considered a relevant variable 

affecting environmental contamination. Numerous studies examined the relationship between 

trade liberalization and CO2 emissions (Acaravci and Ozturk, 2010; Shahbaz et al., 2013a; 

Kasman and Duman, 2015; Dogan and Turkekul, 2016; Bento and Moutinho, 2016).  While it was 

revealed that trade liberalization increases economic growth and then at a certain income level 

environmental quality improves (World Bank, 1992), Gallagher (2009) stated that trade openness 

can worsen the state of our environment as a result of the movement of pollution-intensive firms 

to countries with weak environmental policies. Therefore, trade openness can influence 

environmental contamination both positively and negatively.  

The positive relationship between trade openness and CO2 emissions was confirmed by 

Kasman and Duman (2015) for European Union countries and Bento and Moutinho (2016) for 

Italy. According to Ahmed et al. (2016a) and Ahmed et al. (2016b), trade liberalization increases 

economic growth, contributing to environmental pollution. S. Zhang et al. (2017), after 

investigating the nexus among trade openness, CO2 emissions, real GDP and energy consumption 

in 17 industrialized countries, concluded that trade openness negatively affects carbon dioxide 
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emissions.  According to the study of Tiwari et al. (2013), trade openness increases environmental 

pollutants in India. Kalaycı and Hayaloğlu (2019) also revealed that trade openness results in 

higher carbon dioxide emissions. However, Le et al. (2016) revealed that the effects of trade 

openness on carbon dioxide emissions depend on the level of income in the country, hence, trade 

openness has a positive influence on the environment in high-income countries, which is the 

opposite in middle and low-income countries. Similarly, Muhammad and Khan (2020) confirmed 

that trade openness decreases carbon dioxide emissions in advanced countries and increases them 

in developing countries as these countries use polluting equipment, which is the opposite in 

advanced countries using new equipment. Although Khan et al. (2019), while examining the 

impact of globalization and trade openness on carbon dioxide emissions in Pakistan through the 

ARDL model, found that trade openness influences CO2 emissions positively in the long run, it 

affects them negatively in the short run. 

On the other hand, according to other researchers, trade openness can be beneficial to the 

environment. For instance, Shahbaz et al. (2012) argued that CO2 emissions can be decreased by 

trade openness.  Sun et al. (2019) found through FMOLS methodology and the vector error 

correction model (VECM) that trade openness decreases CO2 emissions in Southeast Asia and 

Europe. Sinha et al. (2017) confirmed a negative correlation between trade openness and CO2 

emissions too, using a GMM estimator. Q. Zhang et al. (2017) also showed a negative correlation 

between trade and CO2 emissions too. Akın (2014) studied influence of energy consumption, 

economic growth and trade openness on CO2 emissions in 85 countries, using panel co-integration 

analysis. Although the results demonstrated that there is a positive relationship between CO2 

emissions and energy consumption, income per capita and trade openness, the author revealed that 

trade openness reduces CO2 emissions in the long run. But according to Ohlan (2015), the 

statistically significant influence of trade openness on CO2 emissions was not found in the case 

of India. 

However, Gallagher (2009) argued that trade can impact the environment directly or 

indirectly. The author claims that increased transportation can be a direct effect of trade openness. 

Grossman and Krueger (1991) stated that trade openness can influence environmental conditions 

either positively or negatively through indirect effects such as the scale, technical and composition 

effects. These effects can be clarified by the pollution haven hypothesis (Guo et al., 2010), in 

accordance with which people in developing countries are more concerned with income than with 

environmental pollution as compared to people in developed countries (Tang, 2015). Scale effect 

was described in the studies of Antweiler et al. (2001) and Farhani et al. (2014), which stated that 

trade openness results in higher rates of CO2 emissions because of increased production and 

energy consumption, but as the development progresses trade openness leads to environmental 
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improvements. Liddle (2001) stated that technological effect can improve environmental damage, 

as developing countries will receive technology through the foreign direct investment that may 

decrease pollution. According to the composition effect, the production of countries depends on 

their comparative advantage, meaning that when there is an increase in demand of traded goods 

produced with the intense contamination of the environment, then countries are willing to produce 

these goods.  

From this subsection, it can be concluded that, as previous studies showed, the impact of 

globalization on the environment has been assessed either through globalization indicators such 

as trade openness, or through overall, economic, social, and political globalization indices all 

around the world. However, there was no consensus reached on the direction of the relationship 

between globalization and environmental pollution as some studies underlined that globalization 

results in increases in carbon dioxide emissions and others revealed that globalization leads to 

decreases in carbon dioxide emissions.  

1.2 Economic growth and CO2 emissions under the EKC 

Over the last few decades, economic growth, which was induced by globalization, has 

come at the expense of higher CO2 emissions, which boosted the world’s attention to 

environmental issues, resulting in contrary viewpoints on environmental protection and economic 

growth. For example, in EU countries, economic growth induced by globalization is regarded as 

one of the most influential factors for increasing CO2 emissions (Acaravci and Ozturk, 2010; 

Ozturk, 2015). Therefore, environmental regulation is crucial for EU countries to achieve 

economic growth without increasing CO2 emissions.  While the nexus between economic growth 

and CO2 emissions was described in the recent studies of Fávero et al. (2022) and Khan et al. 

(2022), the negative impact of economic growth on CO2 emissions was confirmed in the study of 

Magazzino (2015). Although Kasperowicz (2015) found a negative relationship between GDP and 

CO2 emissions in the long run, in the short run, this relationship was positive.  

The relationship between economic growth and the environment can be shown through the 

Environmental Kuznets Curve (EKC) hypothesis, which was found while analyzing the ecological 

impact of the North American Free Trade Agreement (NAFTA) and it explains that environmental 

conditions degenerate firstly and then become better after reaching a threshold level while 

economic growth increases (Grossman and Krueger, 1991). Therefore, in the long run, economic 

growth is beneficial to the environment in accordance with the EKC hypothesis. This hypothesis 

has been tested in a single country as well as cross-country studies for the purpose of finding the 

option for sustainable economic growth (Dinda, 2004). However, contradictory empirical 

evidence has been found in both types of these studies.  
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On the one hand, the validity of the EKC hypothesis for the nexus of carbon dioxide 

emissions and economic growth has been proven in the time-series single-country studies of 

Acaravci and Ozturk (2010) for Denmark and Italy, Xuemei et al. (2011) for China, Kanjilal and 

Ghosh (2013) for India, Baek and Kim (2013) for Korea, Ozturk and Acaravci (2013) as well as 

Destek and Ozsoy (2015) for Turkey, and Bento and Moutinho (2016) for Italy. Rahman et al. 

2020 tested the Environmental Kuznets Curve (EKC) relationship for economic growth in 

Lithuania using time series data of 1989-2018 and the autoregressive distributed lag (ARDL) 

model. The U-shaped relation between CO2 emissions and economic growth was confirmed, 

validating the EKC hypothesis in the long and short run. Moreover, the results showed that 

Lithuania can slow down climate change and fulfill its environmental goals endorsed by the 

Parliament of the Republic of Lithuania without mitigating its economic growth. On the other 

hand, the existence of the EKC hypothesis between carbon dioxide emissions and economic 

growth was not found in the studies of Ghosh (2010) for India, Fodha and Zaghdoud (2010) for 

Tunisia, Ozturk and Al-Mulali (2015) for Cambodia, Shahbaz et al. (2015a) for Portugal. Dogan 

and Turkekul (2015) for the USA. Al-Mulali et al. (2015) also confirmed that the EKC hypothesis 

is not valid for the case of Vietnam as the nexus between economic growth and environmental 

pollution is positive in both the short and long run. Therefore, with respect to time-series single-

country studies, contradictory results have been achieved as some abovementioned studies 

supported the EKC, while others rejected it. 

Considering cross-sectional and panel data analyses in cross-country studies, the EKC 

hypothesis was proven for 14 Asian countries (Apergis and Ozturk, 2015), the EU (Dogan and 

Seker, 2016), the 25 OECD countries (Jebli et al., 2016), 17 industrialized countries (S. Zhang, 

2017), the 83 countries (You and Lv, 2018), 12 CEECs countries (Destek, 2020), the G7 countries 

(Liu et al., 2020), 5 South Asian countries (Wen et al., 2021). Musolesi (2010) also tested the EKC 

hypothesis for 109 countries between 1959 and 2001 and it was supported in wealthier countries. 

In the meantime, Alam et al. (2016) investigated the effects of income on carbon dioxide emissions 

for India, Indonesia, China, and Brazil and found that Indonesia and Brazil support the EKC 

hypothesis in both the long run and short run, the hypothesis is valid in China only in the long run 

and India does not support this hypothesis at all.  However, this hypothesis was rejected in the 

studies of Arouri et al. (2012) for 12 Middle East and North African countries, Jebli et al. (2016) 

for 25 OECD countries, and Musolesi et al. (2010) for 106 developed and developing countries. 

Hence, even though the majority of panel data cross-country studies validated the EKC hypothesis, 

some of them rejected it. 

Grossman and Krueger (1991) proposed the inverted U-shaped EKC hypothesis that 

economic growth initially reduces environmental quality and then improves it, once the economy 
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has achieved a threshold level of income. There is a nonlinear inverted U-shaped relationship 

between CO2 emissions and economic growth under the EKC model according to the studies of 

Ang (2007), Baek and Kim (2013), Kasman and Duman (2015), Apergis and Ozturk (2015), Shun 

Zhang et al. (2017), Shahbaz et al. (2019), Destek (2019). But Arouri et al., (2012), Esteve and 

Tamarit (2012), and Fodha and Zaghdoud (2010) uncovered a linear relationship between CO2 

emissions and economic growth. However, the studies of Grossman and Krueger (1995), Musolesi 

et al. (2010), and Ozturk and Acaravci (2010) found that the relationship between CO2 emissions 

and economic growth is N-shaped, meaning that, firstly, economic growth increases 

environmental degradation, then after reaching a threshold level environmental degradation 

improves before worsening again.    Moreover, Akbostancı et al. (2009) tested the nexus between 

income and environmental pollution in Turkey, and an N-shape relationship was found also 

between these variables. Balsalobre-Lorente et al. (2018) tested the relationship between economic 

growth and carbon dioxide emissions in Germany, France, Italy, Spain, and the United Kingdom 

and also confirmed the N-shaped relationship between these variables in all the countries. Fávero 

and Souza (2022), examining the relationship between economic growth and carbon dioxide 

emissions in 187 countries between 1800 and 2016, validated the N-shaped EKC hypothesis too. 

Hence, when it is more common for the countries or regions analyzed to have U-shaped EKC, 

some countries have N-shaped EKC which means that the environmental degradation eventually 

does not improve with the increase of economic growth there.  

Some literature clarifies the reasons for the conflicting empirical results of the relationship 

between environmental protection and economic growth. Firstly, the contrasting climate 

conditions and pattern of carbon emissions of the country can be one of the reasons (Toman and 

Jemelkova, 2003). Secondly, the diverse financial system of countries can be also the reason 

(Ewing et al., 2007). Thirdly, there is different ranges of data in various periods of time (Smyth, 

2013). The argument of methodological flaws and omitted variable prejudice was outlined as a 

contradiction reason by Ozturk (2010). Moreover, due to the problems such as the adoption of 

clean production technology, change of output composition, and environmental awareness and 

policies, it can be difficult to identify associations between particular types of pollution proxy and 

economic growth as they influence the relationship between environmental protection and 

economic growth, which is the main constraint of applying aggregated data (Panayotou, 1997). 

Finally, in the early studies of Grossman and Krueger (1991), Grossman and Krueger (1995), 

Holtz-Eakin and Selden (1995), and Heil and Selden (2001) economic growth and environmental 

degradation nexus under the EKC model was tested without any explanatory variables but 

according to Saboori et al. (2012), the amount of carbon dioxide emissions is dependent not only 

on economic growth so additional economic explanatory variables should be considered as 
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potential reasons for CO2 emissions. Thus, there are various reasons for the different directions 

of the relationship between the quality of the environment and economic growth. 

1.3 Summary of the literature review 

Overall, the review of the previous studies indicated that the impact of globalization and 

trade openness on CO2 emissions in the framework of the EKC hypothesis is not clear. It can be 

summarized that the influence of globalization on the environment has been assessed either 

through globalization indicators such as trade openness, or through overall, economic, social, and 

political globalization indices in different countries and regions. Hence, most of the scholars used 

the KOF Globalization index to measure the impact of different types of globalization on pollution. 

With respect to trade openness as an indicator of globalization, previous scientific works revealed 

that it can be either detrimental or beneficial to our environment, impacting it directly or indirectly 

through scale, technical, or composition effects.  However, there was no consensus reached on the 

direction of the relationship between globalization and environmental pollution. While some 

studies confirmed the negative influence of globalization on carbon dioxide emissions, others 

highlighted its positive influence on them. 

Induced by globalization economic growth, being one of the key contributors to emissions, 

was also analyzed in the literature review section. In the majority of studies, the relationship 

between economic growth and the environment was demonstrated through the Environmental 

Kuznets Curve (EKC) hypothesis, according to which economic growth is beneficial to the 

environment in the long run. However, while most of the scientific works supported this 

hypothesis, some of them rejected it, indicating that economic growth can be detrimental to the 

environment in the long run, which depends on the level of development of the country. 

Although Rahman et al. (2020) in their study investigated the long-run relationship 

between economic growth, financial development, trade, energy consumption, foreign direct 

investment, and CO2 emissions under the framework of the EKC hypothesis for the case of 

Lithuania, there has apparently been no empirical study for Lithuania that examines the nexus of 

globalization, trade openness, and economic growth with CO2 emissions using the EKC 

framework. Therefore, the present study will fill this research gap, contributing to the existing 

literature. 
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2. RESEARCH METHODOLOGY 

Carbon dioxide emissions (CO2) in this thesis are going to be studied from the perspective 

of globalization and certain globalization-induced factors such as trade openness and economic 

growth in Lithuania because there are no significant studies made that can provide information 

about how much globalization in a combination of the abovementioned factors is related to CO2 

emissions. Collected results are going to help highlight and evaluate the significance between CO2 

emissions and the above globalization-induced factors.  

In this chapter of the thesis, all research methods that will be used for the collection and 

processing of data are discussed as well as a detailed description of dependent and independent 

research variables and instructions for the data analysis steps are included.  

In order to achieve an accurate outcome of the study the following empirical study 

objectives will be followed step by step:  

 To conduct the descriptive analysis of the four variables to measure the standard deviation, the 

mean, minimum, and maximum values as well as medians of the variables; 

 To apply the Autoregressive Distributed Lag Approach (ARDL) of cointegration to examine 

the framework of the Environmental Kuznets Curve (EKC) hypothesis for Lithuania and to 

test the existence of long-run relationships between variables; 

 To present a conclusion by drawing attention to the necessity of taking measures for decreasing 

CO2 emissions. 

2.1 Methodology of data collection 

2.1.1 Description of research variables 

Independent variables (causes): globalization (the KOF globalization index), trade openness, 

economic growth (GDP). 

1) Globalization – is the key independent variable of interest, measured as the overall KOF 

Globalization Index, which was created by Dreher (2006), it will be used to evaluate the degree 

of globalization. The globalization variables are between 0–100, and 100 refers to the highest 

globalization level. Consisting of economic, social, and political aspects of globalization, this 

index is used to observe changes in the degree of globalization of countries over a long period 

of time (KOF Swiss Economic Institute, n.d.a). Hence, economic globalization, being one of 

the components of overall globalization, is a compound measure incorporating the variables 

as follows: trade, stocks, portfolio investment, income payments to foreign nationals (in 

percent of GDP) as well as foreign direct investment, hidden import barriers, mean tariff rate, 

taxes on international trade, and capital account restrictions (Goryakin et al., 2015). Social 
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globalization, being the second component of overall globalization, consists of such variables 

as telephone traffic transfers, international tourism, foreign population, number of McDonald's 

restaurants, number of Ikea, and trade in books (Goryakin et al., 2015). And political 

globalization, being the third component in overall globalization, is measured based on the 

number of overseas embassies, membership in international organizations, and involvement 

in the United Nations. (Goryakin et al., 2015). The decision to choose the overall KOF 

globalization index is consistent with the recent studies of Zafar et al. (2019), Saint Akadiri et 

al. (2019), Khan et al. (2021), and Wen et al. (2021). 

2) Trade openness - measures the extent to which a country participates in the global trading 

system. The degree of openness is measured by the size of registered imports and exports of 

the country. (Mazumdar et al., 2019). The selection of this independent variable, which is 

utilized in percent, corresponds to the scientific works of Tiwari et al. (2013), Kasman and 

Duman (2015), Bento and Moutinho (2016), Ahmed et al. (2016a), Ahmed et al. (2016b), 

Kalaycı and Hayaloğlu (2019), which found positive associations between trade openness and 

carbon dioxide emissions.  

3) Economic growth – will be measured by gross domestic product (GDP) per capita, that is the 

sum of gross value added by all resident producers in the economy plus any product taxes not 

included in the valuation of output, divided by midyear population. GDP per capita defines a 

country's economic output per each person living there. (The World Bank, n.d.). Since 

different researchers confirmed that GDP per capita affects environmental emissions (Destek, 

2020; Liu et al., 2020; Wen et al., 2021; Fávero et al., 2022; and Khan et al., 2022), this variable 

was included in the thesis.  

Dependent variables (effect): carbon dioxide emissions (CO2) emissions.  

CO2 emissions are emissions deriving from the burning of fossil fuels and the manufacture 

of cement; they include CO2 produced during the consumption of solid, liquid, as well as gas fuels 

and flaring. Carbon dioxide emissions are the main cause of global climate change, making up the 

vast majority of greenhouse gas emissions (Eurostat, n.d.). 

The study analyzes anthropogenic CO2 emissions in metric tons per capita to examine 

environmental pollution deriving from global warming.  

2.1.2 Research questions & research model 

Based on the literature review and the information that was possible to collect through it, 

in order to conduct the research, the following research questions were developed: 

RQ1: Is the EKC hypothesis valid in the case of Lithuania? 

RQ2: Is there an impact caused by globalization on CO2 emissions in Lithuania? 

RQ3: Is there an impact caused by trade openness on CO2 emissions in Lithuania? 
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Based on the research questions and the information gathered while analyzing and 

systematizing previous studies on this topic, the following research model was designed (see 

Figure 1): 

Figure 1 

Research Model 

 

 

 

                                                                                                                                                
                                                                                          

 

 

 

 

                                                      

 

Source: author 

The arrows of this model show the relationships between the independent variables and 

the dependent variable which will be tested. The U-shaped relationship between economic growth 

and CO2 emissions will also be tested to find out whether the environmental conditions degenerate 

firstly and then improve after reaching a threshold level while economic growth increases. This 

will show whether economic growth is beneficial to the environment in Lithuania in accordance 

with the EKC hypothesis. 

The research hypotheses are explained as follows: 

H1: GDP per capita has an inverted U-shape relationship with CO2 emissions (EKC 

hypothesis). 

H2: Globalization increases CO2 emissions. 

H03: Trade openness does not influence CO2 emissions. 

H3: Trade openness increases CO2 emissions. 

The abovementioned hypotheses were made based on the analyzed literature on the effects 

of globalization on carbon dioxide emissions and the Environmental Kuznets Curve (EKC). Thus, 

Rahman et al. (2020) tested the Environmental Kuznets Curve (EKC) relationship for economic 
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that economic growth is advantageous to pollution in Lithuania. Moreover, H2, which states that 

globalization increases CO2 emissions, was assumed on the basis of the scientific works of 

Shahbaz et al. (2017a) for 25 developed countries in Asia, North America, Western Europe, and 

Oceania, Shahbaz et al. (2017d) for Japan, Solarin et al. (2017) for Malaysia, and Destek (2020)  

for 12 countries in Central and Eastern Europe, which, using the ARDL model, confirmed that 

globalization increases emissions. Lastly, it was assumed in H3 that trade openness increases 

carbon dioxide emissions in accordance with the time-series single-country studies of Bento and 

Moutinho (2016) for Italy and Tiwari et al. (2013) for India. However, H03 was also included 

stating that trade openness does not influence CO2 emissions since according to Ohlan (2015), the 

statistically significant influence of trade openness on CO2 emissions was not found for India. 

2.1.3 Data gathering 

Considering the aim of the thesis the official channels of secondary data will be the most 

appropriate to collect data for the present research. Secondary data is data that has been collected 

for purposes other than the problem at hand. Boslaugh (2007) defined this type of data as “the 

analysis of data gathered by someone else”. Usually, government institutions provide highly 

reliable and comprehensive data that allows scholars to increase the validity of their research by 

receiving more precise outcomes. 

In order to conduct the research, the data on CO2 emissions in metric tons per capita, GDP 

in EUR per capita, overall KOF globalization index, and trade openness (percentage of the trade 

in GDP) will be obtained. To collect the annual time series data on the abovementioned dependent 

and independent variables, which consists of twenty-five annual observations from 1995 to 2019 

for Lithuania, four sources of secondary data were used, namely the Lithuanian Official Statistics 

Portal, the World Bank, KOF Swiss Economic Institute, and Our World in Data. The limited 

availability of such an independent variable as GDP in EUR per capita restricts the research to this 

time frame for Lithuania.  

The Lithuanian Official Statistics Portal is the official database of Lithuania where 

statistics regarding the topics of economy, society, and environment can be found. The majority 

of databases are yearly renewable and provided in English (Lithuanian Official Statistics Portal, 

n.d.). At the World Bank, the Development Data Group coordinates statistical and data work and 

maintains multiple macro, financial, and sector databases in accordance with professional data 

collection standards so that all data users can get accurate data (World Bank Open Data, 2022). 

The KOF Swiss Economic Institute has gathered a unique amount of Swiss and international data, 

especially KOF data (KOF Swiss Economic Institute, n.d.b). Our World in Data (OWID) is a 

scientific internet platform that, concentrating on important world issues, uses different diagrams 
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and maps to show study results. The research team is located in the University of Oxford. (Our 

World in Data, n.d.a). 

2.2. Methodology of data processing 

The following approaches will be applied to analyze the gathered data using EViews 

statistical software: 

1. Descriptive statistical data analysis:  

This method will be used to describe secondary data taken from the official databases. The 

information on the standard deviation, the mean, minimum, and maximum values as well as 

medians of all the variables will be provided. 

2. Autoregressive distributed lag (ARDL) cointegration analysis 

The Autoregressive Distributed Lag Approach (ARDL) to cointegration will be used to 

examine the impact of globalization on the CO2 emissions and the framework of the 

Environmental Kuznets Curve (EKC) hypothesis for Lithuania to know whether the underlying 

variables in the model are cointegrated or not. This technique was proposed by Pesaran and Shin 

(1995) and Pesaran et al. (1996). The ARDL technique has different benefits compared to the 

cointegration methods of Engle and Granger (1987), Johansen (1988), and Johansen and Juselius 

(1990): a) all the variables in the system don’t need to be of equal order of integration except I (2), 

(b) even if samples are small and there is endogeneity because ARDL technique doesn’t have 

residual correlation it is still efficient estimator, (c) variables may have different optimal lags, (d) 

this approach helps in identifying the cointegrating vectors meaning that it has a single reduced 

form equation relationship between the dependent variable and the exogenous variables (Pesaran 

et al. 2001). However, it may be necessary to carry out the unit root test to be sure that the order 

of integration of the variables is I(0) or I(1) before proceeding to the estimation stage. This test 

will be useful since the critical bounds provided by Pesaran et al. (2001) and Narayan (2005) won’t 

be valid if the order of integration of the variables is bigger than one, for example an I(2) variable. 

The weighted symmetric ADF test (ADF-WS) of Park and Fuller (1995) will be used as a unit root 

test.  

The ARDL bounds testing technique comprises two steps to estimate the long-run 

relationship. The first step lies in the determination of cointegration through the bound test to 

confirm the existence of a long-run relationship among all variables in the equation. The second 

step lies in the estimation of the long-run and short-run models. The bounds testing is based on 

the joint F-statistic or Wald statistic (Narayan, 2005), while the former tests the significance of 

association, and the letter tests the significance of all the variables in the cointegration test.  If the 

calculated F-statistics lies above the upper level of the band, after comparing of the value of the 

F-statistic with critical values of upper and lower bound, cointegration exists.  
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The reason behind choosing that methodology for data processing was that the ARDL 

model is the most commonly used in similar single-country studies such as the research of Ozturk 

and Acaravci (2013) for Turkey and Rahman et al. (2020) for Lithuania where the validity of EKC 

hypothesis and the causality between CO2 emissions and other independent variables are tested. 
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3. EMPIRICAL RESULTS ANALYSIS 

This chapter of the thesis represents what has been studied in the course of research and 

reports the findings of the empirical study. The third part consists of several subsections following 

the order of statistical methods presented in sub-segment 2.2. The results are outlined in the 

following order: 

 Firstly, the descriptive analysis of the four variables will be conducted, calculating the standard 

deviation, the mean, minimum, and maximum values as well as medians of the variables; 

 Secondly, the results of autoregressive distributed lag (ARDL) cointegration analysis, which 

tests whether there is a long-run relationship among the variables, will be presented; 

3.1 Descriptive analysis results 

The annual trends of the 4 variables analyzed in the research for the period of 1995-2019 

for Lithuania are presented in Annex 1.  

Figure 2 shows the trend of globalization in Lithuania over the period 1995-2019.  

Figure 2 

The Overall KOF Globalization Index in Lithuania over the period 1995-2019 

 

Source: KOF Swiss Economic Institute 

It can be seen from Figure 2 that the overall KOF globalization index kept increasing in 

the long run, which means that Lithuania actively participated in the economic, social, and political 

dimensions of the globalization process. From an economic perspective this can be explained by 

the fact that after Lithuania became an independent state, it started shifting from centrally planned 
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and excluded from the global market economies to private markets (Stark and Bruszt, 1998). Such 

a transition was accompanied by the increasing development of export activities that connected 

the economy of Lithuania to the world’s economy (Bandelj and Mahutga, 2010). However, the 

globalization level remained stable between 2008 and 2010 which can be explained by the crisis 

of 2008-2009, which caused huge disruptions in global trade and financial flows.  

With respect to environmental pollution, it can be seen from Figure 3 that carbon dioxide 

emissions per capita fluctuated during the period of 25 years in Lithuania. There was a sharp drop 

in CO2 emissions from 4.1 to 3 metric tons between 1998 and 2000, which coincides with the time 

when Lithuania signed the Kyoto Protocol (1998), undertaking to reduce its greenhouse gas 

emissions (Ministry of Environment of the Republic of Lithuania, 2006). Then the emission 

figures rose back to 4.1 metric tons per capita in 8 years, remaining stable between 2008 and 2010 

due to the 2008-2009 crises. Lastly, there was one more drop in emissions between 2010 and 2014 

which marks the first commitment period under the Kyoto Protocol when the country was obliged 

to lower its emissions by 8% (Ministry of Environment of the Republic of Lithuania, 2006). 

Figure 3 

CO2 emissions in metric tons per capita in Lithuania over the period 1995-2019 

 

Source: World Bank Open Data 

Figure 4 represents economic growth, measured in GDP per capita, in Lithuania between 

1995 and 2019.  Similarly, GDP per capita kept gradually rising as the KOF globalization index 

in the long run. Furthermore, a more rapid rise in GDP per capita is noticeable starting from 2004, 

the year when Lithuania joined the EU. Hence, the country received 10 billion euros as financial 
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aid which enhanced economic growth. However, there was a slight decrease in GDP per capita 

from 10000 to 9000 euros between 2008 and 2010 caused by the 2008-2009 crisis, when a decline 

in domestic production occurred (Ministry of Foreign Affairs of the Republic of Lithuania, 2016). 

Figure 4 

GDP per capita (EUR) in Lithuania over the period 1995-2019 

 

Source: Lithuanian Official Statistical Portal  

Figure 5 displays the trend of trade openness in Lithuania over the period 1995-2019. The 

percentage of trade openness kept climbing in a fluctuant way from 90% to 150 %. However, 

reaching the highest figure of around 155% in 2013, trade openness noticeably dropped over the 

next 3 years. Such a sudden decrease can be justified by the decline in trade ties of Lithuania with 

russia when the terrorist state started military aggression against Ukraine in 2014.  
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Figure 5 

Trade openness (%) in Lithuania over the period 1995-2019 

 

Source: Our world in data 

Table 1 provides the general descriptive statistics for one dependent variable and six 

independent variables employed in the analysis of the Lithuanian economy.  

Table 1 

Descriptive statistics for all four variables in Lithuania over the period 1995-2019 

 

Source: author. 
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 The figures in Table 1 show that the average CO2 emissions in Lithuania have been 3.8 

metric tons per capita, the average GDP per capita has been 8373.7, the average overall KOF 

globalization index was 71.7, and the average trade openness was 118.5% for the period of 1995-

2019. The lowest GDP per capita, representing economic growth, was 2138.5 EUR, whereas the 

highest GDP per capita was 17503.9 EUR during this period. With respect to pollution, the lowest 

level of CO2 emissions per capita accounted for 3 metric tons, while the highest level was 4.2 

metric tons per capita. Regarding globalization, its smallest index was 53.8, while the largest index 

accounted for 81.8. Lastly, the lowest trade openness was 74.8%, while the highest was 155.9%.  

Evidently, all the variables considered show little difference in their means and medians. The 

standard deviation shows us how data is spread and how much it varies from the average. Looking 

at probability in Jarque-Bera test, it can be concluded that every variable is normally distributed 

as their probability is above the significance level of 0.05.  

3.2 Autoregressive distributed lag (ARDL) cointegration analysis 

To analyze the impact of globalization on environmental pollution and the existence of 

the EKC hypothesis, the variables of globalization, trade openness, economic growth, and 

pollution were incorporated in the study. In this framework, following the empirical literature, 

the basic model in functional form is presented in Equation 1 as follows. 

CO2 = ƒ (GDP, GDP2, KOF, TO) (1) 

Equation 1 includes CO2 emissions (CO2), gross domestic product (GDP), the square of 

gross domestic product (GDP2), KOF Globalisation Index (KOF), and trade openness (TO). The 

variables in question are converted into natural logarithms for consistent and reliable results, 

which can be seen in the EKC model given in Equation 2. Such an approach is frequently used in 

scientific works investigating the causes of anthropogenic emissions (Rosa et al., 2004; Rosa and 

Dietz, 2012). 

Model 1. 

EKC model 

𝑙𝑛𝐶𝑂2𝑡 = 𝛾0 + 𝛾1𝑙𝑛GDPt + 𝛾2𝑙𝑛GDPt2 + 𝛾3𝑙𝑛KOFt + 𝛾4𝑙𝑛TOt + 𝜖𝑡 (2) 

Where, ln CO2t = log of carbon emission per capita; ln GDPt = log of GDP per capita; ln 

GDP2t = long GDP per capita square; ln KOFt = log of KOF Globalization Index; ln TOt = log of 

trade openness; 𝛾1, 𝛾2, 𝛾3, 𝛾4 are coefficient estimates on the relevant variables; t = time; and 𝜖𝑡 

= error term.  
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It is required by the EKC theory 𝛾1 to be positive and significant and 𝛾2 to be negative 

and significant. The EKC hypothesis claims that the first stage of economic growth results in 

adverse consequences to the environment, but the adverse consequences decrease when the growth 

rate surpasses a specific turning point. 

In order to run the ARDL model it is important to check the stationarity of all the time 

series variables by the Unit Root Test. If variables have different orders of integration that is some 

variables are stationary at the level and some are stationary at the first difference, then the ARDL 

test is performed. But it is important to assure that all the variables are stationary for the 

construction of the ARDL model. Hence, the weighted symmetric ADF test (ADF-WS) of Park 

and Fuller (1995) was utilized as a unit root test.  The unit root test was performed in level and 

first differences for all the variables. An intercept was chosen to include in test equation. The lag 

length was automatically selected through Schwarz info criterion in the case of each variable.  

Table 2 displays the results of the unit root test performed for all the variables and it is 

visible that all the analyzed variables are stationary in first differences, but not stationary in levels 

(Annex 2). Such a conclusion was made on the basis of probability results. Every analyzed 

variable, except for Ln(KOF), has a probability higher than 0.05, which means that these variables 

have unit roots in levels. Therefore, all variables are used in the first differences in the ARDL 

model, when the probability results are lower than 0.05. 

Table 2 

Unit root test results 

Variable 
Levels The first differences 

t-stat Prob t-stat Prob 

Ln(CO2) -1.7055 0.4159 -4.6119 0.0014 

Ln(KOF) -4.4754 0.0019 -3.9844 0.0062 

Ln(GDP) -1.8009 0.3710 -3.8931 0.0073 

Ln(TO) -1.2364 0.6412 -4.7886 0.0009 

Ln(GDP^2) -1.8009 0.3710 -3.8931 0.0073 

Source: author 

After checking the variables for stationarity, the next step was to specify the ARDL model 

and select the best number of lags. Akaike’s information criterion was chosen for model selection. 

Overall, 192 models were evaluated, while ARDL (1, 3, 2, 0) model was selected. Table 3 displays 

the result of the ARDL model with 3 lags for independent variable and repressors in first 

differences. 
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Table 3 

ARDL model results on the relationship between variables 

 

Source: author 

It is noticeable from the results of this ARDL model that the R-squared is 72%, which 

means that the model is a good fit. The probability (F-statistic) is 0.05, which means that the 

overall model is significant. Ln(GDP) (-2) is statistically significant as the probability is 0.0363, 

<0.05, and the t-Statistic is 2.4, which is > 2. Hence, the rise in GDP by 1% results in a rise of 

CO2 emissions by 0.7% in the short-run. Ln(KOF) (-2) is statistically significant as the probability 

is 0.0349, and the t-Statistics is 2.4, which is >2. Thus, the rise in the overall KOF globalization 

index by 1% results in the rise of CO2 emissions by 4% in the short run. With respect to Ln(TO), 

the result is insignificant as the probability is higher than 0.05, and the t-Stat is lower than 2. 

The next step in the present analysis is presented in Table 4, where the long-run 

relationship between the variables is tested. The result of the bound test is inconclusive as the 

value of the F-statistic (3.35) is between the values of upper bound l(1), which is 3.67, and the 

lower bound l(0), which is 2.79 at the 5% significance level. All the dependent variables are 

insignificant, which means that there is no long-run relationship between globalization, economic 

growth, and trade openness with CO2 emissions. 
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Table 4 

ARDL Long Run Form and Bounds Test 

 

Source: author 

Lastly, the EKC hypothesis was tested through the ARDL model and Table 5 reveals the 

results with 3 lags for independent variable and repressors. Akaike’s information criterion was 

chosen for model selection. Overall, 48 models were evaluated, while ARDL (1, 1, 1) model was 

selected.  

Table 5 

ARDL model results on the EKC hypothesis 

 

Source: author 
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It can be concluded from the results of this ARDL model that the R-squared is 73%, which means 

that the model is a good fit. The probability (F-statistic) is 0.0001, which means that the overall 

model is significant. GDP is statistically significant as the probability is 0.01, <0.05, and the t-

Statistic is 2.8, which is > 2. GDPS (GDP^2) (-1) is statistically significant as the probability is 

0.04, and the t-Statistics is 2.2, which is >2. However, both variables GDP and GDPS have positive 

signs next to their coefficients, which means that the main condition for the validation of the EKC 

hypothesis is not supported. In accordance with this hypothesis, it can only be confirmed when 

the coefficient of the GDP is positive and significant and the coefficient of the GDPS is negative 

and significant. 

3.3 Discussion 

Overall, after conducting the ARDL analysis, the relationship between the independent the 

dependent variables in Lithuania over the period 1995-2019 was established by testing the 

hypotheses mentioned in the research methodology. Hence, the empirical results suggest that the 

Environmental Kuznets Curve (EKC) hypothesis is not valid for Lithuania as H1, assuming that 

GDP per capita has an inverted U-shape relationship with CO2 emissions, is rejected by the results 

of the analysis. The analysis failed to confirm that the first phase of economic growth results in 

adverse consequences to the environment, but the adverse consequences decrease when the growth 

rate reaches a certain turning point. However, it was revealed that the increase in economic growth 

resulted in greater CO2 emissions in the short run. Similarly, to the findings of the thesis, the 

existence of the EKC hypothesis was not found in the studies of Akbostancı et al. (2009) and 

Ozturk and Acaravci (2010) for Turkey as well as Dogan and Turkekul (2016) for the USA. On 

the other hand, the failure to validate the EKC hypothesis contradicts the findings of Rahman et 

al. (2020) as the researchers confirmed the U-shaped relation between CO2 emissions and 

economic growth, implementing the same methodology, in the case of Lithuania. The reason for 

the opposite results may lie in the fact that the authors had 30 observations for Lithuania, which 

helped them to run the ARDL model more sufficiently, compared to the present thesis which 

included only 25 observations due to the limitation of the availability of secondary data.  

It was also found that globalization results in higher pollution levels in Lithuania. As the 

rise in the overall KOF globalization index by 1% increases CO2 emissions by 4% in the short 

run. Therefore, H2, assuming that globalization increases CO2 emissions, was supported, as 

empirical results showed that globalization increases pollution. This finding is consistent with the 

results of Shahbaz et al. (2017a) for 25 developed, Shahbaz et al. (2017d) for Japan, and Solarin 

et al. (2017) for Malaysia, as the authors stated that globalization increases CO2 emissions after 

investigating the nexus of these variables using the ARDL model. However, Destek and Ozsoy 
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(2015) and Shahbaz et al. (2017c) received the opposite results, having discovered that 

globalization decreases CO2 emissions in Turkey and China. 

Lastly, H3, assuming that trade openness increases CO2 emissions, was not validated in 

the case of Lithuania as the result was not significant. But, H03 was supported as the value of trade 

openness was insignificant, meaning that it hardly affects CO2 emissions. Although the empirical 

result was opposite to the results of other similar time-series single-country studies of Bento and 

Moutinho (2016) for Italy and Tiwari et al. (2013) for India, it does not contradict the findings of 

Ohlan (2015) for India as the author didn’t find the statistically significant influence of trade 

openness on CO2 emissions too. Therefore, although trade openness is an important aspect of 

globalization, in contrast with the effects of overall globalization on CO2 emissions, it has an 

insignificant influence on pollution. That implies trade openness is not a cause of globalization-

induced pollution in Lithuania.  
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CONCLUSIONS AND SUGGESTIONS  

1. The purpose of the thesis was to evaluate the impact of globalization on CO2 emissions while 

testing the EKC hypothesis in Lithuania over the period 1995-2019. In order to accomplish 

this aim, different previous studies were systemized and analyzed. Overall, the literature 

analysis indicated that the impact of globalization and trade openness on CO2 emissions in the 

framework of the EKC hypothesis is ambiguous. While some scientific works assessed the 

influence of globalization on the environment through globalization indicators such as trade 

openness, others tested this relationship using overall, economic, social, and political 

globalization indices. The analysis showed that the KOF Globalization index is used the most 

frequently to measure the impact of different types of globalization on pollution. However, 

there was no consensus reached on the effects of globalization on CO2 emissions. While some 

studies confirmed the negative influence of globalization on CO2 emissions, others 

highlighted its positive impact on them. 

2. Economic growth was also analyzed in the literature review part as this factor, being induced 

by globalization, is one of the main contributors to CO2 emissions. Hence, it was discovered 

that many scientific works explain the relationship between economic growth and pollution 

through the Environmental Kuznets Curve (EKC) hypothesis, according to which economic 

growth is detrimental to the environment in the short run, but is beneficial to it in the long run. 

However, while most of the scientific works supported this hypothesis, some of them rejected 

it, stating that economic growth negatively affects the environment in the long run too. 

Therefore, having analyzed the previous works on this subject, it became necessary to study 

CO2 emissions from the perspective of globalization and economic growth in Lithuania. 

3. The main findings of the thesis showed that the Environmental Kuznets Curve (EKC) 

hypothesis is not valid for Lithuania, meaning that the ARDL model failed to confirm that 

environmental pollution firstly increases and later after reaching a certain level decreases while 

economic growth increases. Although, it was proven that in the short run economic growth 

increases CO2 emissions. Moreover, the empirical results showed that globalization results in 

higher pollution levels in Lithuania, namely the rise in the overall KOF globalization index by 

1% increases CO2 emissions by 4% in the short run. Finally, the analysis revealed that trade 

openness does not influence CO2 emissions as the value of trade openness was insignificant. 

4. Considering the main findings of this research, Lithuania should study the following 

suggestions to achieve a better environmental state by reducing CO2 emissions.  Firstly, since 

the EKC hypothesis was rejected, it can be concluded that economic growth is a problem for 
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the environmental quality in Lithuania. Therefore, the present study recommends investing in 

environmental-friendly technologies and low-carbon manufacturing to not only diminish the 

negative impact of economic growth on pollution but also make it beneficial for the 

environment. Secondly, since the findings revealed that overall globalization increases CO2 

emissions in Lithuania, it is suggested that the Lithuanian government take measures to reduce 

the detrimental impact of globalization on the environment by implementing environmental 

policies.  

5. Given the fact that one of the main limitations of the thesis was the limited number of 

observations for the analyzed variables as such secondary data was mostly available yearly 

starting from the second half of the 1990x, it would be interesting to do similar research for 

Lithuania through the ARDL model using a bigger number of observations or frequencies and 

see whether the result will be the same or not. Furthermore, additional independent 

globalization-induced variables such as foreign direct investment or energy consumption can 

be implemented in the EKC framework to run a more specific analysis of the influence of 

globalization on the environment. Future research could also test different aspects of 

globalization separately, to see how the specific aspect of globalization influences pollution 

levels in Lithuania. 
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The study was conducted with the aim to evaluate the impact of globalization on CO2 

emissions while testing the EKC hypothesis in Lithuania.  

The thesis consists of four main parts of literature analysis, a detailed research 

methodology, an analysis of the empirical results, and conclusions with recommendations. 

Literature analysis reveals the theoretical basis of the chosen topic and explains the relationships 

of globalization and trade openness with CO2 emissions as well as the framework of the EKC 

hypothesis. Moreover, the analyzed literature is fundamental for the design of the research model 

of the thesis. In accordance with the structure of the model, the specific methodology of data 

collection and data processing, namely descriptive analysis and autoregressive distributed lag 

(ARDL) cointegration analysis, were chosen to accomplish the aim of the study. 

The analysis showed that the Environmental Kuznets Curve (EKC) hypothesis is not valid 

for Lithuania, meaning that the ARDL model failed to confirm that environmental pollution firstly 

increases and later, after reaching a certain level, decreases while economic growth increases. 

Although, it was proven that in the short run economic growth increases CO2 emissions. 

Moreover, the empirical results showed that globalization results in higher pollution levels in 

Lithuania, namely the rise in the overall KOF globalization index by 1% increases CO2 emissions 

by 4% in the short run. Finally, the analysis revealed that trade openness does not influence CO2 

emissions as the value of trade openness was insignificant. 

Considering the findings and literature review suggestions on lowering CO2 emissions and 

enhancement of environmental quality were given to the Lithuanian government. 
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Tyrimas atliktas siekiant įvertinti globalizacijos įtaką CO2 emisijai, tikrinant EKC 

hipotezę Lietuvoje. 

Darbą sudaro keturios pagrindinės literatūros analizės dalys, išsami tyrimo metodika, 

empirinių rezultatų analizė, išvados su rekomendacijomis. Literatūros analizė atskleidžia teorinius 

pasirinktos temos pagrindus, paaiškina globalizacijos ir prekybos atvirumo sąsajas su CO2 emisija 

bei EKC hipotezės pagrindą. Be to, analizuojama literatūra yra esminė kuriant baigiamojo darbo 

tyrimo modelį. Atsižvelgiant į modelio struktūrą, tyrimo tikslui pasiekti buvo pasirinkta specifinė 

duomenų rinkimo ir duomenų apdorojimo metodika – aprašomoji analizė ir autoregresinė 

paskirstytosios vėlavimo (ARDL) kointegracijos analizė. 

Analizė parodė, kad Aplinkos Kuzneco kreivės (EKC) hipotezė Lietuvai negalioja, o tai 

reiškia, kad ARDL modelis nepatvirtino, kad aplinkos tarša pirmiausia didėja, o vėliau, pasiekusi 

tam tikrą lygį, mažėja, o ekonomikos augimas didėja. Nors buvo įrodyta, kad trumpuoju 

laikotarpiu ekonomikos augimas padidina CO2 emisiją. Be to, empiriniai rezultatai parodė, kad 

globalizacija lemia aukštesnius Lietuvos taršos lygius, o bendras KOF globalizacijos indekso 

padidėjimas 1% trumpuoju laikotarpiu padidina CO2 emisiją 4%. Galiausiai, analizė atskleidė, 

kad prekybos atvirumas neturi įtakos CO2 emisijai, nes prekybos atvirumo vertė buvo 

nereikšminga. 

Atsižvelgus į išvadas ir literatūros apžvalgą, Lietuvos vyriausybei buvo pateikti siūlymai 

dėl CO2 emisijų mažinimo ir aplinkos kokybės gerinimo. 
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ANNEXES 

Annex 1. The trends of selected variables in Lithuania in 1995-2019 

 

Years 

 

Overall KOF 

Globalisation Index 

Trade 

openness 

(%) 

GDP  

per capita 

(EUR) 

CO2 

emissions  

metric tons 

per capita 

1995 53.76 84.96 2,138.5 3.8 

1996 57.59 93.20 2,696.3 4 

1997 60.27 100.03 3,278.9 3.9 

1998 61.6 89.66 3,668.6 4.1 

1999 61.85 74.82 3,606.6 3.5 

2000 64.39 83.38 3,815.2 3 

2001 65.65 93.67 4,084.6 3.2 

2002 65.89 100.49 4,409.6 3.3 

2003 67.72 98.23 4,875.2 3.3 

2004 69.93 104.60 5,395.1 3.5 

2005 71.57 117.48 6,314.4 3.9 

2006 73.92 124.34 7,356.0 4 

2007 75.93 116.39 8,978.2 4.1 

2008 75.95 126.85 10,211.9 4.1 

2009 74.64 105.34 8,503.9 3.7 

2010 75.8 129.89 9,051.1 4.1 

2011 76.63 148.45 10,342.1 3.9 

2012 77.08 155.84 11,182.3 4 

2013 78.18 155.89 11,846.9 3.8 

2014 79 142.72 12,475.0 3.7 

2015 79.77 138.55 12,856.1 3.8 

2016 80.38 134.45 13,558.8 3.9 

2017 81.14 144.87 14,947.1 4 

2018 81.53 148.64 16,246.5 4.2 

2019 81,83 149.69 17,503.9 4.2 

Source: KOF Swiss Economic Institute, n.d.b; Our World in Data, n.d.b; Lithuanian Official 

Statistics Portal, n.d.; World Bank Open Data, n.d. 
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Annex 2. The output of the Augmented Dickey-Fuller Unit Root Test on 1 dependent and 3 

independent variables 

Annex 2.1 Ln(CO2) in level 

 

Source: author 

 

Annex 2.2 Ln(CO2) in first difference 

 

Source: author 
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Annex 2.3 Ln(KOF) in level 

 

Source: author 

 

Annex 2.4 Ln(KOF) in first difference 

 

Source: author 
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Annex 2.5 Ln(GDP) in level  

 

Source: author 

 

Annex 2.6 Ln(GDP) in first difference 

 

Source: author 
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Annex 2.7 Ln(TO) in level 

 

Source: author 

 

Annex 2.8 Ln(TO) in first difference 

 

Source: author 

 


