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Many countries are concerned about environmental dirtiness problems due to CO2 emissions, and they try to fix this issue by developing several policies. The major goal of this study is to reveal the coefficient of influence factors on carbon emissions by considering different time periods within the framework of implementation of policies. In this context, this study explores the relationship between economic growth, energy consumption, and CO2 emissions within the frame of the environmental Kuznets curve hypothesis. However, this article considers the linkage between the logistics sector and CO2 emissions in terms of the environmental Kuznets curve hypothesis for Denmark, Sweden, Norway, and Finland from 1960 to 2015, which replaced the sea transportation as independent aside from (economic growth) gross domestic product and energy consumption. The Fourier Shin co-integration test, fully modified least square, dynamic least square, canonical co-integrating regression, and autoregressive distributed lag bound test models are performed from 1960 to 2015 (as two separate periods) as annual data in order to reveal the long-run relationship between variables within the scope of the environmental Kuznets curve hypothesis for Scandinavian countries including Denmark, Sweden, Norway, and Finland. According to results of the autoregressive distributed lag bound test, if maritime freight increases by 1%, CO2 emissions increases by 0.2723%. A 1% increase in energy consumption increases CO2 emissions by 0.3356%. The short-term autoregressive distributed lag bound test findings ascertain that the major factors of CO2 emissions in the short-term are changed in maritime freight, energy consumption, and gross domestic product at a 1% significance level for Denmark. Due to the explosive growth of the transportation sector, coupled with a significant rise in greenhouse gas emissions from this sector, preventive policies should be followed. In order to avoid pollution from transportation, it is essential to find out its necessary drivers. In addition, policymakers should kick-start applications of new technology in transportation to reduce pollution by releasing new energy-saving vehicles. In this sense, transportation carbon tax and strengthening incentives for energy conservation should be implemented.
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1 INTRODUCTION
The industrialization process has touched all the sectors, especially in terms of energy sources and economic growth. Economic growth is a prerequisite for communities to develop socially, politically, and culturally. For these reasons, societies have encouraged economic growth from the very beginning, making it their primary goal. In addition, energy plays a very important role both in determining the course of countries from the point of the international policies in influencing the development and welfare levels of countries. Energy resources must be used efficiently by countries to achieve sustainable economic growth. High-income economies are classified by innovation, technology, services, environmental policy pressure, and regulatory costs, ensuing transfer of polluting industries to developing countries. This in fact reduces the environmental pollution compared to industrial markets. As a result of this, boosting industrial revenue while decreasing over dependence on fossil fuels is indispensable in order to lower the wastage. High volume of production, besides providing higher output increase, also brought about an increase in production that harms the environment. The relationship between economic growth and the environment is an issue that economists have emphasized in recent years. The effects of environmental problems such as global warming, air pollution, increased use of natural resources, and CO2 emissions have been felt, especially since the 1990s. Environmental and energy issues have become of primary importance in the field of economic growth on international platforms. Therefore, environmental problems constitute the main agenda in the international arena today. The study by Kuznets (1955) has an important place in this area. There are many studies in the literature examining the relationship between economic growth and carbon emissions. Some of these studies (Köksal et al., 2020; Beşe and Kalayci, 2021; Korkmaz et al., 2017; Tarazkar et al., 2021) discuss economic growth and carbon emissions theory known as the environmental Kuznets curve in the literature.
In line with international agreements and joint initiatives, countries are required to avoid practices that will harm the environment. Especially since the 1970s, the increasing environmental pollution, climate changes, and the changes caused by the global warming problem have revealed the importance of initiatives protecting the environment. Kuznets (1955) expressed that per capita income in developing countries demonstrates a more uneven distribution compared to developed countries. On the other hand, the income inequality, which increases in the initial stage of economic development, is narrowing in the later stages of the development process. According to this hypothesis, there is an inverted U-shaped relationship between income and income inequality that first increases and then decreases. This hypothesis, which Kuznets put forward in (1955), became the center of attention again in 1991, when Grossman and Krueger (1995) reinterpreted it for the relationship between income growth and the environment. Another factor that has a positive effect on the environment is the technical effect of economic growth. According to this statement, it emerges with the replacement of dirty technologies by cleaner technologies and contributes to the technological development provided by economic growth by allocating more resources to research and development activities of a wealthy country. This factor is particularly effective with the emergence of cleaner and more efficient technologies used in the energy sector. In the early stages of economic development, countries are more willing to increase production. At this stage, there is an increasing relationship between income growth and environmental degradation as the scale effect is more dominant. Initially, both air pollution and gross domestic product (GDP) increase; however, the trend reverses beyond some level of income so that at high income levels and GDP, environmental sensitivity is affected positively. This implies that the environmental effects indicator is an inverted U-shaped function of income per capita. These effects reveal the environmental Kuznets curve hypothesis, which is demonstrated in Figure 1.
[image: Figure 1]FIGURE 1 | Environmental kuznet curve.
Considering the data for CO2 emissions between 1960 and 2018, it is seen that there has been a serious downward trend in Scandinavian countries, especially in the period after 1997 (see Figure 2). The main reason for this is reflected in the energy policies of the countries as a result of the agreement made in Kyoto, Japan in 1997. The main purpose of the article is to examine the before and after of the Kyoto Protocol and to support it with empirical findings. In this context, the other aim of the article is to give suggestions to countries which they should develop regarding energy policies.
[image: Figure 2]FIGURE 2 | EKC hypothesis of Scandinavian countries.
The other target of this research is to peruse the coefficient of influence factors on carbon emissions by considering different time periods within the framework of implementation of policies. In this sense, the research work explores the relationship between economic growth, energy consumption, and CO2 emissions within the frame of the environmental Kuznets curve hypothesis. In order to analyze the sea transportation-induced EKC hypothesis through relevant variables for Denmark, Sweden, Norway, and Finland from 1960 to 2015 as two periods, the annual data is derived from Worldbank (2021a, b, c), UNCTAD (2021), and Ourworldindata, (2021). According to Figure 3, GDP increase in Scandinavian countries became sharper especially after 1997. Considering the decrease in CO2 emissions, it is seen that they grow without deteriorating the environment, especially after this period.
[image: Figure 3]FIGURE 3 | CO2 emissions of Scandinavian cities (1980–2015).
The main motivation of this research is to examine the maritime freight-induced EKC hypothesis which is not discussed within the context of Scandinavian countries in the academic literature. In addition, maritime transport has not been added to the EKC model as an independent variable in the studies conducted in the world academic literature for Scandinavian countries. In this context, the major motivation of this research is to give recommendation to policymakers by using a time series analysis in the sense of the impact coefficients of damage to the environment by considering various periods of four countries notably before and after the Kyoto Protocol agreement.
The aim of the study is to reveal the relationship between economic growth, energy consumption, sea transport, and CO2 emissions within the frame of EKC hypothesis. FMOLS, DOLS, CCR, and ARDL models are performed from 1960 to 2015 (as two separate periods) as annual data in order to reveal the long-run relationship between variables within the scope of EKC hypothesis for Scandinavian countries including Denmark, Sweden, Norway, and Finland. When the contributions and novelties of this research to the existing literature are taken into account, time series models point out the long-run relationship between maritime freight, economic growth, energy consumption, and CO2 emissions from 1960 to 2015, which is verified by the EKC hypothesis for Denmark and Sweden. However, no long-run relationship is found among relevant variables both for Norway and Finland from 1960 to 1997 and 1998 to 2015, which is not verified by the EKC hypothesis. In addition, the long-run ARDL results ascertain that if maritime freight increases by 1%, CO2 emissions increases by 0.2723%. A 1% increase in energy consumption increases CO2 emissions by 0.3356%. Short-run ARDL findings ascertain that the main elements of CO2 emissions in the short-run are changed in maritime freight, energy consumption, and GDP at a 1% significance level for Denmark. Considering the research results and the subject, there is no maritime freight-induced EKC hypothesis topic in the academic literature, which makes this research work unique.
This study is respectively structured as follows: Section 1 presents general overview and the theoretical background of the research including EKC hypothesis, Section 2 discusses the findings of the empirical literature notably regarding transportation-induced EKC hypothesis, Section 3 presents the methodological framework and empirical results of the research, and finally, Section 4 includes the conclusion part and interprets the findings of the study by providing some recommendations to Scandinavian countries’ governments.
2 LITERATURE REVIEW
The majority of research works concentrate more on the relationship between economic growth, energy consumption, and CO2 emissions in the sense of EKC hypothesis (Alvarado et al., 2021; Ahmad et al., 2021b; Ahmad and Wu, 2022). However, this study considers the linkage between the logistics sector and CO2 emissions in terms of the EKC hypothesis for Denmark, Sweden, Norway, and Finland from 1960 to 2015, which replaced the sea transportation as independent aside from (economic growth) GDP and energy consumption. It is broadly acknowledged that the major impact of changing environment is the excessive rise of greenhouse gases, notably CO2 emissions. On the other hand, economic growth associated with the variations in demand is estimated to increase CO2 emissions. On the contrary, following the EKC theory, economies’ dirtiness level would initially rise with increased manufacturing, owing to non-renewable energy sources (Ahmad et al., 2020; Ahmad et al., 2021a; Alvarado et al., 2021). The previous academic work regarding the EKC hypothesis was mostly related to tourism-induced EKC hypothesis, which was elaborated by Katircioglu (2014) by considering the relationship between tourism development and CO2 emissions in Singapore. According to his findings, CO2 emissions and arrival of tourists are in long-run relationship; CO2 emissions returned to its long-run equilibrium by 76.0% speed of adjustment via the economic growth, arrival of tourists, and energy consumption. Tourism development has negatively impacted CO2 emissions both in the long-run and the short-run era. Consequently, findings of the Granger causality tests ascertain that there is one-way causality that goes into action from arrival of tourists to CO2 emissions in the long-run in the economy of Singapore. For this reason, the tourism-induced EKC hypothesis is verified in terms of Singapore.
One of the main research questions of this work is are there any short- and long-run relationships between economic growth, sea transportation, energy consumption, and CO2 emissions for Scandinavian countries from 1960 to 2015? by focusing on the shape of the EKC hypothesis. For this reason, several econometrical models are performed in order to answer this question. Kalayci and Özden (2021) assayed the impact of sea transport, trade liberalization, and industrial development on CO2 emissions for China by implementing annual data ranging from 1960 to 2019 through econometric methods including FMOLS, DOLS, and CCR. According to the results of three econometric models, there is a crucial long-term relationship between sea transportation, trade liberalization, industrial development, and carbon dioxide emissions. Considering the long-term linkage between sea transportation and CO2 emissions of Kalayci and Özden’s (2021) research results, it bears similarities with the findings of this article for the first cycle of Denmark and Sweden. Raza et al. (2019) investigated the economic and environmental factors influencing energy use by implementing wavelet theory. In order to evaluate association among variables, monthly data are used from 1973 to 2015. The methods applied are wavelet covariance, wavelet coherence spectrum, wavelet correlation, maximal overlap discrete wavelet transform, and continuous wavelet power spectrum on the dataset to construct a wavelet convolutional function. In this sense, the overview reveals that energy usage has a strong positive relationship on carbon emissions. The findings of the causality test indicate the causal relationship between energy usage and carbon emissions, which is confirmed empirically. A rise in energy usage through air transportation activities that require high energy consumption deteriorates the climate and causes more carbon emissions to the environment (Satrovic et al., 2021). Arvin et al. (2015) analyzed the linkages between transportation intensity, proportion of urbanization, carbon dioxide emissions, and economic growth. They used two indicators of transportation intensity: the rate of utilization of air passenger facilities and the rate of utilization of air freight facilities. Using aggregate data from 1961 to 2012, multiple correlations between these four variables were determined. The main result of aforementioned article demonstrates that economic growth intrinsically returns to its long-run equilibrium course. Their key argument is that passenger carriage intensity should be increased in developed countries within the G-20 region as a means of stimulating economic development.
Zaman et al. (2017) evaluated the effect of transportation expenditures, energy demand, and economic growth on carbon dioxide emissions by taking into account the 11 transition economies, from 1995 to 2013. In this context, according to the results, there is a substantial effect of transportation on CO2 emissions which is demonstrated within the framework of theoretical background by considering trade-led growth and trade-led energy demand. Saboori et al. (2014) assessed the bilateral long-term connection between energy usage in the road transport sector with CO2 emissions and economic growth in OECD countries. The research points out long-term two-sided connection between economic growth and CO2 emissions, energy consumption and CO2 emissions, and the road sector and CO2 emissions for the OECD countries by implementing a time series analysis from 1960 to 2008 and by using the FMOLS method. The research results are partially consistent with this study’s findings in terms of the long-run relationship between relevant variables including transportation, energy use, economic growth, and CO2 emissions for the first cycle of Denmark and Sweden. Umar et al. (2020) discussed sustainable development goals of the United States, notably, in terms of transportation and examined the effect of fossil fuel energy usage, biomass energy usage, transportation sector, and GDP on CO2 emissions for the United States by using the FMOLS, DOLS, CCR, Hatemi-J co-integration, and spectral Breitung–Candelon causality test from 1981 Q1 to 2019 Q4, in order to comprehend research results. The research result indicates that 1) a non-linear co-integration between the causal factors of environmental quality and the transportation sector is revealed empirically by performing the Hatemi-J co-integration and Gregory–Hansen co-integration tests; 2) the real GDP, transportation sector, and consumption of biomass energy have a negative influence on carbon emissions; and 3) fossil fuel energy usage, biomass energy usage, and real GDP influence the CO2 emissions for the United States at different frequency levels in the long term. Yuan et al. (2017) investigated the inter-relationships between energy consumption, transportation sector, and CO2 emissions including 30 provincial units in China. According to their results, energy consumption and transportation development had positive significant effect on CO2 emissions, which is consistent with this study’s findings in terms of impact coefficient of the co-integrating models from 1998 to 2015. Batur et al. (2019) used the passenger transport system to examine numerous policies with various scenarios by considering their potential impact in decreasing energy usage and carbon emissions for the upcoming periods by operating a systems dynamics model for Turkey. The structured systems dynamics model contains four subsystems: energy consumption, transportation, CO2 emissions, and household disposable income. The energy consumption and the CO2 emissions from motorized passenger transport are estimated for the following scenarios depending on historical data from 2000 to 2015. The scenarios are as follow: 1) travel demand management policies that contain various levels of transportation cost rise, and a decrease in travel volume provide a 10% enhancement in the fuel economy of the vehicles; 2) a 30% rise in the transportation cost; 3) a 10% decrease in the emission intensity of electricity generation; and 4) a 15% decline in travel volume. Tanczos and Torok (2007) took into consideration the relationship between climate change and CO2 emissions to forecast the CO2 emissions of the transport sector in Hungary. They explained the emissions from the transport sector by considering the external factors in order to provide a sustainable community. The Environmental Protection Agency (EPA) is an institution that maximizes the rate of living and opportunities of the next generations with science, art, philosophy, and technology so that the speed of linear technological development, the satiation of raw materials and resources of the world, and the living standards of people of future generations are not worse. The most important aim in European transport policies is sustainable mobility. For this purpose, transportation must be standardized and the efficiency of transportation services must be improved, while the air pollution must be reduced or prevented. Controlling motorization from emissions is a work for electric engineers. The goal of economists is to decouple economic activity from mobility.
Nasreen et al. (2018) investigated the connection between economic development, transport services, and energy use for 63 developing countries in the period of 1990–2016. Countries were segmented into lower-middle-, upper-middle-, and high-income groups. The findings indicate a proof of a bidirectional causal relationship between growth of GDP and freight transportation and between growth of GDP and energy consumption by implementing the GMM method in all selected panels. The other significant finding demonstrates that energy consumption triggers economic growth. One of the findings of the study indicate that highly developed economies have a near positive relationship between freight transport and energy consumption, while upper-middle- and lower-middle-income countries have a negative relationship between freight transport and energy usage. Economists have acknowledged that energy plays a key role in economic development. A crucial recommendation is that it is vital to make gains in technology relating to vehicles to reduce energy intensity from the transportation sector and boost the energy efficiency in transportation operation, which will enable a greater positive position for transport in global economic activity.
Fan and Lei (2017) examined the connection between parameters by applying the EKC hypothesis. They took into account the driving factors which are seldom investigated in academic literatures aside from “decoupling” and “recoupling” analyses. For this purpose, they worked on the interdependence between CO2 emissions, transportation, and economic growth in China from 1995 to 2014 using the Tapio elastic analysis, taking into consideration the contribution from industrial energy saving, emission reduction, industrial development, and operating efficiency. According to the results, the negative effect of industrial energy saving elasticity overtook the positive one from industrial operating efficiency elasticity, which led to worsening of the decoupling state between economic growth, CO2 emissions, and transportation. The decoupling state was developed from expansive negative decoupling to weak decoupling after 2008, which can be attributed to policy-oriented practices contributing the energy saving.
Kharbach and Chfadi (2017) explored the transport sector within the context of environmental economics by taking into account the energy transition for Morocco. They evaluated the impact of some major elements on CO2 emissions including the road transportation sector in Morocco. In order to examine the interdependence between CO2 emissions and economic growth in the road transportation market, co-integration is applied to estimate the energy consumption pattern, and then the hypothesis of the EKC is addressed within the context of empirical findings. If all factors remain constant, economic growth would lead to a reduction in emissions in the transport sector. Mohsin et al. (2019) assayed the long-run stable relationship between energy consumption, environmental degradation, economic growth, and transportation services using a time series analysis including regression coefficients, a hybrid error correction model, the Dickey–Fuller test, platykurtic distribution, and a co-integration test to verify hypothesis for Pakistan’s transport sector from 1975 to 2015. Their findings purported that a rise in energy consumption, economic growth, and transportation services caused more environmental degradation. Furthermore, when energy consumption has risen by 13.5%, it indicates a high dependence of economic growth on energy consumption throughout the term. In addition, there is a positive relationship between energy consumption per capita and CO2 emission as well. Finally, they provided some recommendation for policymaker to reduce environmental degradation with eco-friendly retainable transportation services.
Amin et al. (2020) assessed the effects of energy consumption, economic growth, transportation sector, and urbanization on CO2 emissions within the scope of the EKC hypothesis for EU countries by performing the non-causality and second generation panel unit root tests from 1980 to 2014. The test results revealed that the rise in renewable energy usage decreased transportation-induced CO2 emissions, while urbanization had empirically inconsequential positive effects on environmental degradation. A rise in energy consumption mitigates transportation-induced carbon emissions to approximately 12%. Therefore, the EKC hypothesis is verified. Furthermore, one-way causality runs through energy consumption, urbanization, and economic growth to transportation-induced carbon emissions. The results of this study recommended strengthening the retainable transportation sector by developing the green technology, energy-efficient modes of transportation, and providing environmental awareness to community and their overall concerns mostly related to the environmental matter caused by transportation. This study also shows significant evidence to the policymakers of EU countries for, notably, sector-based renewable energy projects, garnering attention to the greenhouse gas effect of the European transportation sector. Godil et al. (2020) explored the connection between the transportation sector including the two parameters (passenger and freight) and CO2 emissions in terms of the US economy from 2000 M1 to 2019 M8 using the QARDL method. The empirical results demonstrated the negative remarkable correlation between the transportation sector and CO2 emissions; however, this interdependence holds at low quantiles of freight transport, whereas the same connection has been revealed at most quantiles of passenger transport. Therefore, this shows that the transportation sector of the United States contributes to decrease CO2 emissions. Finally, the government should develop essential technologies to sustain clean usage within the society and decrease CO2 emissions by ensuring stable economic development through eco-friendly transportation services. Magazzino et al. (2021) employed the D2C algorithm to find out the causality of solar wind production, coal consumption, economic growth, and CO2 emissions in the United States, India, and China. In the same way, Magazzino (2020) performed a causal direction from depth (D2C) algorithm in order to derive higher pollution due to economic growth concentrations, which may cause neo-crown pneumonia by making the respiratory system more susceptible to infection.
Guo et al. (2016) revealed the connection between CO2 emissions, logistics, and economic growth by performing a panel data analysis using econometrics theory and combination of statistics. In addition, the statistical analysis contains the annual data of 10 main regions in China from 2005 to 2014. The econometrical approach of their study included the variability of logistics within the framework of previous researches, and this variable is used as freight turnover of the regions. CO2 emissions are replaced as a dependent variable by considering the factors including natural gas and consumption of coal and oil. The findings of their study ascertain that the amount of logistics and economic growth have a contribution toward CO2 emissions, and the long-run connections are different among different cities in China, mostly affected by the difference between the level of logistic development, development mode, and economic structure.
Katircioglu et al. (2021) conceived the role of both transportation and financial systems in energy demand for developed and developing economies from 2000 to 2015. The results of the ARDL model ascertain that economic growth, money supply, international trade, and CO2 emissions are responsible for the increase in the demand of energy in developed countries. On the other hand, domestic credit, FDI, trade, and CO2 emissions cause an increase in demand in the energy for developing economies. The empirical results of this study coincide with Katircioglu et al. (2021)’s finding, especially in terms of the relationship between transportation and CO2 emissions.
Guo et al. (2017) affirmed the impact of the transportation sector on environmental degradation by implementing a different econometric model including VAR of GDP, urban population, and the freight turnover rate. In this context, they have developed a model by performing the time series analysis from 2000 to 2014 in China. Furthermore, the freight turnover rate, transportation sector, and SO2 emissions are taken into account as variables in order to represent the population size, logistic services, and environmental degradation, respectively. According to results, the development of the transportation sector had the substantial impact on environmental degradation. In addition, an impulse response analysis points out that the development of the transportation sector sparked off more environmental degradation which is confirmed empirically. Sharif et al. (2020) implemented the QARDL model in order to reveal the effect of GDP, globalization, transportation, and CO2 emissions for Malaysia from 1995 Q1 to 2018 Q4. The findings ascertain that GDP is considerably positive with CO2 emissions at lower to upper quantiles. Tourism has a negative impact on CO2 emissions at higher quantiles. In addition, the transportation sector and globalization are positive with CO2 emissions at upper-middle to higher quantiles. Consequently, according to empirical findings, EKC verified the existence of the inverted U-shaped curve for Malaysia.
Saleem et al. (2018) affirmed the relationship between energy consumption, aviation transport, and environmental pollution using a panel of 11 countries, from 1975 to 2015. In this sense, the empirical findings of 11 countries verify the EKC hypothesis in terms of the connection between aviation transport and individual earnings concerning the CO2 emissions, while there is a U-shaped interconnection between GHG emissions and the transportation sector. The correlating relationship between air transport passengers and aid flows resulted from the environmental resources rents. Railway goods have a huge effect on CO2 emissions, population density, and energy demands. The air transport freight plays a positive role on GHG emissions and a negative role on the natural resource rents. The relationship between railway transportations and per capita income increases in developed economies whereas energy and aid decreases. By analyzing the passenger data, it is clear that the occurrences of air transport passengers, the energy units consumed, and the relative assistance provided would largely affect CO2 emissions, GHG emissions, and the decrease in natural resource revenues over the next 10 years. Dong et al. (2019) used the technology model, the stochastic impacts of regression on population, and an unbalanced panel dataset of 128 nations from 1990 to 2014 to examine the impact of the local and global CO2 emissions by conceiving the effectiveness of renewable and non-renewable energies. According to results of their study, renewable energy can lead to a decline in CO2 emissions and verify the causality linkage among the variables across the countries.
Dong et al. (2020) perused the influence of renewable energy usage on CO2 emissions by classifying the regions with different income levels, conceiving the emission growth renewables relations in terms of a global panel of 120 countries from 1995 to 2015. Slope heterogeneity and cross-sectional dependence are confirmed for the global panel containing for all four subpanels. The high-income subpanel and the upper-middle-income subpanel are verified using the EKC hypothesis for the global panel. Consequently, energy usage has a negative influence on CO2 emissions which is not critical; the mitigation effect may be camouflaged by higher economic growth and increasing non-renewable energy usage. Furthermore, similar opinion is indicated in the Turkish case where Magazzino (2016) argued that there is no causal linkage between economic growth, energy consumption, and CO2 emissions. The other research results of Magazzino (2017a) demonstrated that the response of CO2 emissions to energy use is negative and statistically crucial in both the estimated coefficients and impulse responses considering the 3-variable vector autoregressions through panel VAR technique. Additionally, Magazzino (2017b) verified that there is no causal relationship between energy use and real GDP using the panel VAR technique for 19 APEC countries from 1960 to 2013. Moreover, Magazzino (2014) investigated the relationship between energy consumption, economic growth, and CO2 emissions for ASEAN-6 countries including Brunei, Indonesia, Malaysia, Singapore, Thailand, and Philippines from 1971 to 2007 using the panel VAR approach. According to the results, energy usage and GDP have a crucial positive relationship, and the error variances in CO2 emissions are sensible to disturbances in both economic growth and CO2 emissions equations, which coincides with the findings of this study, particularly, FMOLS, DOLS, and CCR analyses for Denmark and Sweden from 1960 to 1997.
The economic growth and environmental dirtiness nexus has broadly been investigated by academicians since the study of Grossman and Krueger (1991) was recommended. The major apprehension of Grossman and Krueger (1991) was to unearth how environmental pollution changes the dynamic growth path of 42 countries. For this reason, a cubic model was developed in order to empirically figure out the relationship and reported an N-shaped relationship between economic growth and environmental pollution. The environmental pollution and economic growth nexus has been investigated using different estimation models, and energy consumption related or macroeconomic variables in several samples is reported in Table 1. Studies regarding the transportation-based EKC hypothesis are given including methodology, variables, data interval, turning point of EKC hypothesis, and countries. There is no sea transport-induced EKC hypothesis study in the academic literature, which makes this research work unique. In the context of the EKC hypothesis, there have been researchers who have obtained different findings for different countries. Ozkan, Yanginlar, and Kalayci (2019) affirmed the relationship between CO2 emissions, GDP, energy usage, and air transportation for eight developed and eight developing economies from 1980 to 2013 by conceiving the EKC hypothesis. They employed the panel data analysis to ascertain the environmental consciousness of the two groups of countries. In this sense, the empirical results prove that environmental consciousness is extremely low for the two groups of economies from 1980 to 2000.
TABLE 1 | Literature review regarding transportation-induced EKC hypothesis in terms of main results.
[image: Table 1]The major goal of this study is to reply the following questions below. 1) Which Scandinavian country verifies the maritime freight-induced EKC hypothesis? This topic is an important research gap in the current literature. This subject has not been discussed before in the academic literature. 2) Is there any long-run relationship between maritime transport, economic growth, energy consumption, and CO2 emissions from 1960 to 2015 in Scandinavian countries? 3) What is the impact coefficient of damage on environment by considering various periods of four countries including Denmark, Sweden, Norway, and Finland (1960–1997 and 1998–2015) notably before and after the Kyoto Protocol agreement? This topic is an important research gap in the current literature. In this context, the main reason for selecting the variables including economic growth, energy consumption, CO2 emissions, and maritime freight is revealing the damages of sea transportation within the context of EKC, which has not been studied before in the academic literature for Scandinavian countries.
3 METHODOLOGY AND DATA ANALYSIS
This research work investigates the relationship between economic growth, energy consumption, CO2 emissions, and maritime freight by performing the Fourier Shin co-integration test and using FMOLS, DOLS, CCR, and ARDL models from 1960 to 2015 for Scandinavian countries including Denmark, Sweden, Norway, and Finland. Annual data are derived for merchant fleet registration of maritime transport from UNCTAD (2021), economic growth and energy consumption from the Worldbank (2021a) database, and CO2 emissions variable from Ourworldindata’s (2021) official database, respectively.
Phillips–Perron (PP) and Zivot–Andrews unit root tests were performed to analyze whether variables are stationary or not. In addition, FMOLS, DOLS, and CCR methods were implemented to comprehend the long-run co-integration relation between economic growth, maritime freight, energy consumption, and CO2 emissions. In the conclusion part, the ARDL model is used to reveal the long-run co-integrated relationship between economic growth, maritime freight, energy consumption, and CO2 emissions for Scandinavian countries from 1960 to 2015 annually. The Phillips–Perron (1989) (see Table 2 below) test is performed to comprehend the structure of parameters in terms of its stationariness. In this context, according to the Phillips–Perron (PP) test, findings of all series including economic growth, energy consumption, CO2 emissions, and maritime freight are not stationary. Therefore, first, differences of all variables are fulfilled to reveal the structure of series in order to proceed the FMOLS, DOLS, CCR, and ARDL models.
TABLE 2 | Phillips–perron (PP) and augmented dickey–fuller (ADF) unit root test results of Scandinavian countries.
[image: Table 2]According to the findings of the Phillips–Perron (PP) test, the structure of series was determined as stationary after taking first degree of the series. In this way, FMOLS, DOLS, CCR and ARDL tests can be performed. In addition, applying the traditional PP unit root test without taking into account these structural breaks in the model may provide wrong output and lose validity from the point of estimation. In this sense, Zivot and Andrews (2002) developed a series of tests to comprehend the major endogenous structural changes. In addition, the test was run through the evaluation in the presence of a unit root against the alternative of a stationary process by way of a structural change both in trend or level. Thus, the ZA test examines the possibility of the entity of a segmented trend (see Table 3). The major goal of the ZA test is to establish the structural break and consider it as endogenous in the selected sample. The following equation regarding ZA test is demonstrated: 
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Consequently, the model for CO2 emissions in Scandinavian countries would be as follows: 
[image: image]
TABLE 3 | Zivot–Andrews unit root test results of Scandinavian countries.
[image: Table 3]where CO2 is the logarithm of carbon dioxide emissions which is stated in levels, [image: image] is a constant (ceteris paribus), DU (λ) is a dummy variable which obtains the value as 1 and the series in which the structural break is assumed to have the value of 0 in former periods, t indicates the time, and [image: image] is carbon dioxide emissions lagging one term. DT (λ) = t − Tλ if t > Tλ and 0 if this is not the case. The next term is the sum of the change in the variable for the terms “[image: image]” through k; the regressors (independent variables) of this period are included to eliminate the possible dependence on the limit distribution used in statistical tests, caused by the temporal dependence of the distributions. Moreover, “k” is the upper limit of the lag length of the explanatory variables. Finally, “ε” is the error term.
In addition, the Zivot and Andrews (2002) unit root test is used with the thought that environmental pollution may occur at some point in Scandinavian countries during the 1960–2015 period, where pollution may cause a structural break in the relevant variables. If the absolute t value calculated from the one-tailed t-test in Table 3 is greater than the ZA critical value due to a structural break, it means that the series is stationary. In Table 3, the maritime transport, GDP, energy consumption, and CO2 emissions variables are stationary in the first difference. Thus, the result exhibits that ARDL, FMOLS, CCR, and DOLS methods are eligible to use, which reveals the structure of series in order to proceed the appropriate econometric models. The Fourier Shin co-integration test and FMOLS, DOLS, and CCR analyses are implemented to reveal the long-run effect coefficient between economic growth, energy consumption, CO2 emissions, and maritime freight for Scandinavian countries from 1960 to 2015 (as two separate periods). The CCR model, developed by Park (1992); the DOLS model, developed by Stock and Watson (1993); and the FMOLS model, developed by Hansen and Phillips (1990), were used. FMOLS is a semi-parametric method to efface the errors of correlation which is asymptotically impartial, influential, and similar with canonical co-integrating regression. In addition, it removes non-scalar coefficient error, permits for asymptotic chi-square testing, and involves normal mixture distribution. DOLS reproduce the explanatory variables through taking into consideration the lags and leads. In addition, the DOLS analysis estimates the co-integrating equation error problems including perpendicular stochastic regressors. Both FMOLS and DOLS models are beneficial to obviate the error of endogeneity and autocorrelation by considering nuisance parameters (Pedroni, 2001). These three methods mostly included the conditions in which the series performed, including a traditional co-integration analysis which should be affirmed as the series’ stationariness. Furthermore, having the possibility to interpret the derived coefficients provides a course of process from the point of CO2 emissions by taking into account the independent variables including GDP, energy consumption, and maritime freight.
Considering the generalized Dickey–Fuller (ADF) unit root test, developed by Engle and Granger (1987), the co-integration relations between four Stable I (1) variables at the first difference are tested. In general, the null hypothesis is tested as no co-integration in tests, and very few tests directly analyze the existence of co-integration. Shin (1994) developed a test based on the KPSS unit root test, which expresses the existence of co-integration between the series; whose null hypothesis is examined. Structural breaks are neglected in this test. In this context, the next generation test was developed by Arai and Kurozumi (2007) in order to test the existence of null hypothesis in which the co-integration is directly tested. In this approach, the structure and number of breakings are known by adding the Fourier trigonometric functions to the internal integration test. Tsong et al. (2016) added Fourier trigonometric functions to the Shin co-integration test and developed the Fourier–Shin co-integration test in which structural breaks of unknown structure, number, and time are taken into account as well. Thus, the authors eliminated the shortcomings of both mentioned co-integration tests. The regression Equation 4 created for the Fourier–Shin co-integration test is as follows:
[image: image]
while the equation is [image: image]; it is assumed that[image: image]. The error term [image: image] has zero mean, and its variance is independent and homogeneously distributed. Therefore, it has a random walk process and a mean of zero. Since the scalar and p-vector are stationary, [image: image] and [image: image] are also stationary at the first difference (Tsong et al., 2016). [image: image] includes deterministic components in the equation, which can be expressed as follows:
[image: image]
If m = 0 or m = 1:
[image: image]
The scalar vector [image: image] and [image: image] Ρ are stationary, and hence all [image: image] versus [image: image] are in I (1) process. Obviously, if [image: image] = 0, [image: image] = [image: image] is a stationary process, this indicates that [image: image] and [image: image] are co-integrated. As a result, the alternative hypothesis of no co-integration versus the null hypothesis (existence of the co-integration) can be expressed as follows:
[image: image]
According to Equation 7, k shows the optimal frequency, which is determined by the smallest value of the residual sum of squares. After determining the optimal frequency, as in Becker, Enders, and Lee (2006), it is decided whether the Fourier functions should be included in the equation by looking at the significance of the F statistic obtained from the model. If the obtained F statistic is higher than the table critical value, the Fourier functions used should be included in the model. Equations 5 and 6 are placed in Equation 8 in order to comprehend that there is a long-run relationship or not. Starting from Eq. 5, the co-integration statistics indicate that there is a co-integration relationship between the KPSS type null hypothesis structural breaks, and the variables are calculated in Equation 8, as follows:
[image: image]
where [image: image] in the equation represents the partial sum of least squares error terms obtained from Eq. 8 and a stable estimator of the long-term variance of Equation 9. The co-integration decision is made by comparing the statistic and the table of asymptotic critical values (Tsong et al., 2016). If the obtained [image: image] statistic is less than the 5% critical value of the relevant table, the null hypothesis cannot be rejected, thus it is determined that there is a long-term relationship between the variables with structural breaks.
[image: image]
First of all, the stationary levels of the variables is examined with the DF GLS unit root test, which is based on the generalized least squares method developed by Elliot et al. (1996) and can give effective results in series with small observations. Optimal lag length is determined by AIC (Akaike information criterion). According to the results of the DF GLS unit root test in Table 4, it is determined that all four series for Scandinavian countries contain unit root in their level values, and they are stationary at the first difference.
TABLE 4 | DF-GLS unit root test results for Scandinavian countries.
[image: Table 4]The Fourier–Shin co-integration test is used to determine the long-term relationships between the variables determined as I (1). Table 5 indicates the results of this test. A stationary property of the series is examined by using the FKPSS test. According to the results in Table 5, F statistics indicates the non-linear terms which should be used in the test. The FKPSS test statistics demonstrate that all series are not stationary at I (0). For this reason, negative releasing impact and damaging the atmosphere cause environmental pollution when considering the initial stage of the countries. 0.172 At 5% levels for k = 1.
TABLE 5 | FKPSS stationary test results.
[image: Table 5]Table 6 indicates the results of the Fourier–Shin co-integration test. While testing the co-integration relationship according to the obtained F statistics, the Fourier functions should be included in the model. The statistics demonstrate that there is a co-integration relationship of 1% between CO2 emissions, energy consumption, GDP, and maritime freight for Denmark and Sweden from 1960 to 2015. However, there is no long-run relationship between relevant variables for Norway and Finland from 1960 to 2015, which is consistent with FMOLS, DOLS, and CCR analyses. After determining the existence of a co-integration relationship between the variables, the long-term coefficients are estimated by FMOLS, DOLS, and CCR methods by taking into account the Fourier functions.
TABLE 6 | Fourier–Shin co-integration test results.
[image: Table 6]Table 6 contains the results of Fourier–Shin co-integration test for the Scandinavian countries in order to determine the long-run relationship. Since the F statistic values in Table 6 are greater than the critical values (except for Norway and Finland), it is comprehended that the trigonometric terms are meaningful. According to the Fourier–Shin co-integration test results, the critical values are smaller than 5%, the existence of the null hypothesis in terms of co-integration for Denmark and Sweden cannot be rejected. In addition, using the Fourier–Shin co-integration test, a long-term relationship could not be obtained for Norway and Finland.
According to results of FMOLS (fully modified least square), DOLS (dynamic least square), and CCR (canonical co-integrating regression) models, there is a long-run stable relationship between economic growth, maritime freight, energy consumption, and CO2 emissions from 1960–1997 for Denmark and Sweden, which is indicated empirically. However, there is no long-run relationship between relevant variables both for Norway and Finland from 1960 to 1997 and 1998 to 2015, which is not confirmed in the EKC hypothesis (see Figure 2 below). The p-value of energy consumption, GDP, and maritime freight are more than 0.05, as shown in Tables 7, 8, both for Norway and Finland. Considering the periods of 1960–1997 and 1998–2015, CO2 emissions is determined as a dependent variable for Denmark and Sweden. Economic growth, maritime freight, and energy consumption affect the CO2 emissions, which confirm the linear relations between variables from 1960 to 1997 for Denmark and Sweden. If the second period (1998–2015) is taken into account, non-linear relations emerged between variables and whole independent variables do not have effect on CO2 emissions. The combinations of linear and non-linear relationship emerge as the inverted U-shape and confirmed using the EKC hypothesis for Denmark and Sweden (see Tables 7, 8 and Figure 2). On the other hand, considering both the terms 1960–1997 and 1998–2015, there is no long-run relationship between economic growth, maritime freight, energy consumption, and CO2 emissions for Norway and Finland, which is not confirmed using the EKC hypothesis (see Tables 7, 8 and Figure 2).
TABLE 7 | Co-integration estimation results of Scandinavian countries (1960–1997).
[image: Table 7]TABLE 8 | Co-integration estimation results of Scandinavian countries (1998–2015).
[image: Table 8]The other widely used method of assessing the long-run relationship among variables is the ARDL method, which supports the findings of previous model’s results. The ARDL equation is demonstrated using econometric symbols; the parameters of long-term CO2 emissions are examined in Equation 10. The ARDL method is performed out of FMOLS, DOLS, and CCR analyses for detecting whether there is a long-run connection between economic growth, maritime freight, energy consumption, and CO2 emissions. Table 6 shows the findings obtained using the ARDL analysis. Consequently, the results of the ARDL model coincide with the findings of FMOLS, DOLS, and CCR analyses. As a result of the findings obtained using the bound test, it is decided to analyze the short and long-term dynamics. The unconstrained error correction model in the study can be expressed as the following Equation 10:
[image: image]
The long-run linkage between economic growth, energy consumption, CO2 emissions, and maritime freight for Scandinavian countries from 1960 to 2015 are taken into account via the f bounds test, which assumed the null hypothesis. Starting from Equation 10, [image: image], [image: image], and [image: image] denote the constant term, difference operator, and error term, respectively. In this analysis, the long-term relationships between variables are investigated, and the hypotheses are established as follows:
[image: image]
If the F statistic value is less than the lower limit value, which is recommended by Pesaran et al. (2001), then the null hypothesis is rejected, concluding that there is no long-term relationship between the variables. On the other hand, if the calculated F statistic is greater than the upper limit value, then it is decided that there is a long-term relationship between the variables. Apart from these, if the calculated F statistic is between the lower and upper limit values, then uncertain results may be obtained. After determining the existence of a long-term relationship between variables through the boundary test, the process of estimating the long-term coefficients of the variables can be employed.
According to the ARDL F bound test, long-term estimates are made, respectively, via ascertaining long-run co-integration among variables by implementing the econometric model (ARDL bound test), as shown in Table 9. Long-term ARDL estimation results are given in Table 10. The long-run ARDL estimation results reveal that the major factors of CO2 emissions changes in maritime freight, energy consumption, and GDP for Denmark.
TABLE 9 | ARDL bound test results of Denmark.
[image: Table 9]TABLE 10 | Long-term ARDL estimation results of Denmark.
[image: Table 10]Considering the long-run ARDL results, summarized in Table 10, if maritime freight increases by 1%, CO2 emissions increase by 0.2723%. A 1% increase in energy consumption increases CO2 emissions by 0.3356%. The short-term ARDL findings ascertain that the major factors of CO2 emissions in the short-term are changed in maritime freight, energy consumption, and GDP at a 1% significance level for Denmark. Table 11 summarizes the short-term ARDL results and the findings for the ECM model.
TABLE 11 | Short-term ARDL results and error correction model of Denmark.
[image: Table 11]According to Table 11, the error correction model is considered to obtain short-run adjustment. In the short term, nearly 81% of shocks in maritime freight, energy consumption, and GDP are taken into account within a period of time, and the system is re-established in the long term.
There has been a significant decrease in CO2 emissions in Copenhagen, Stockholm, and Helsinki, especially in recent years, except Oslo (see Figure 3). When all periods are examined in general, an increasing trend is observed in Oslo, although the CO2 emissions rate of Oslo has stabilized in recent years compared to the other three cities.
According to Figure 4, the course of sea transportation is stable in Helsinki and Stockholm. However, Oslo’s maritime transportation has fallen in half. Copenhagen’s maritime transport has increased one and a half times throughout 26 years. Environment friendly alternative technologies have been developed in order to reduce emissions while shipping in Stockholm.
[image: Figure 4]FIGURE 4 | Sea transportation of Scandinavian cities (1980–2015).
The first hybrid electric passenger ferry services started in Stockholm, as of 7 January 2019. Sweden’s goal is to reduce greenhouse gases by 85% from the 1990s level by 2040. The hybrid ferry’s special feature is that it combines two diesel engines through a battery, manufactured by Baltic Workboats, and it is equipped with the electrical system of Danfoss Editron; the ferry can cut ice up to 25-cm deep.
Ferry services are conducted throughout a year in Stockholm, the capital of Sweden. Similar hybrid ferries using the “Danfoss system” aim to reduce greenhouse gas emissions and particulate pollution in the region by consuming less liquid fuel than conventional gas. The use of the ferry also has been followed by other Nordic ports to adapt using clean technologies. Oslo also has dozens of electric ferries. Since April 2018, the wind-assisted Viking Grace passenger ferry has been used in daily life in Helsinki as well. R & D works continue to develop better low-carbon ships in Sweden. The Swedish Shipowners Association proudly holds the title of being the first shipping association that aims to achieve zero carbon shipping worldwide by 2050.
While countries create carbon-neutral plans and government subsidies are seen as key to progress, Danfoss’ Project Manager Kari Savolainen (2021) expressed regarding the leadership of Scandinavian countries in terms of the eco-friendly technology, “As countries adopt regulations to move towards carbon neutrality, we can expect such hybrid electricity solutions to increase rapidly. Making shipping carbon neutral is also becoming a key trend. Scandinavian countries set an example in this way”.
When the progress has been made in carbon neutral maritime transport, the world’s first electric road can charge the batteries of electric cars and heavy vehicles. As a country that has revolutionized the field of zero waste and recycling, Sweden is one of the first countries to carry the flag in this field. The 2-km-long road, built on a public road near the capital city of Stockholm, is open to all electric vehicles. The government has also initiated the necessary roadmap for the implementation of the electric road project throughout the country.
4 CONCLUSION
In this research, econometric models demonstrate the long-run relationship between maritime freight, economic growth, energy consumption, and CO2 emissions from 1960 to 2015 for Denmark and Sweden, which is verified by the EKC hypothesis. However, there is no long-run relationship between relevant variables both for Norway and Finland from 1960 to 1997 and 1998 to 2015, which is not confirmed by the EKC hypothesis. According to the Fourier-Shin test, there is a co-integration relationship of 1% between CO2, energy consumption, GDP, and maritime freight for Denmark and Sweden from 1960 to 2015. However, there is no long-run relationship between relevant variables for Norway and Finland from 1960 to 2015, which is consistent with ARDL, FMOLS, DOLS, and CCR analyses. Considering the long-run ARDL results, if maritime freight increases by 1%, CO2 increases by 0.2723%. A 1% increase in energy consumption increases CO2 emissions by 0.3356%. The short-term ARDL findings ascertain that the major factors of CO2 emissions in the short term are changed in maritime freight, energy consumption, and GDP at a 1% significance level for Denmark. Table 11 summarizes the short-term ARDL results and the findings for the ECM model. According to Table 11, the error correction model is considered to obtain short-run adjustment. In the short term, nearly 82% of shocks in maritime freight, energy consumption, and GDP are taken into account within a period of time, and the system is re-established in the long term.
Due to the explosive growth of the transportation sector, coupled with a significant rise in greenhouse gas emissions from this sector, preventive policies should be followed. In order to avoid the pollution from transportation, it is essential to find out its necessary drivers. In addition, policymaker should kick start applications of new technology in transportation to reduce the pollution by releasing new energy-saving vehicles. In this context, transportation carbon tax and strengthening incentives for energy conservation should be implemented. In order to protect the integrity of the supply chain, the maritime sector and ship recycling facilities, which are an important part of this sector, must continue to operate in an eco-friendly sustainable manner. The steps must be taken to overcome the COVID-19 pandemic as soon as possible, which has affected all sectors as well as been a test for the shipping sector. Like all components of the maritime industry, sea transportation has been affected by the pandemic in different ways, and due to sectoral-specific changes including energy efficiency, wind, and solar, it has continued operations of the nuclear fleet and coal to gas fuel switching. This historical record indicates the ability of technological and policy changes to set the power sector on a dramatically different emissions trajectory. Ship recycling has been carried out in many different geographical regions, including Norway, Denmark, Sweden, and Finland. According to Programme of Work and Budget (PWB) (2021), the COVID-19 epidemic was discussed but no evaluation was made regarding its course. The maritime sector would not benefit from the rapid decline in air transport, and the demand for oil and oil tanker transport would decrease significantly and accordingly the demand for tankers. It is stated that the cruise and passenger transportation will come to a standstill due to the quarantine application, and deterioration in the functioning of the supplier industry is observed due to the isolation and quarantine measures taken by the countries. In this case, it is estimated that carbon dioxide emissions, economic growth, and energy consumption will also decrease. On the other hand, Scandinavian countries, notably, Denmark and Sweden, should distinguish the industrial activity as clean and dirty, by focusing more on the features of the sector, which causes extreme pollution, release intensive toxic waste per unit in manufacturing, high pollution reduction cost per unit operating cost, and energy-intensive per unit production, in order to reduce the carbon emissions. In addition, the other important solutions to reduce CO2 emissions for both Denmark and Sweden are as follows: encouraging the development of low-carbon fuels and biofuels, increasing vehicle’s fuel economy (increasing the production of hybrid and electric vehicles) while reducing exhaust emissions, increasing efficiency in the transport system and reducing carbon-intensive travel activities, concentrating on the renewable electricity generation technologies, and investing in energy-related R&D and innovation activities. Appropriate policies exhorting the importance of drawing on hydropower energy in Norway and Finland, which are consistent with empirical findings in terms of EKC hypothesis, are required. Conceiving both the period of 1960 to 1997 and 1998 to 2015, there is no long-term linkage between economic growth, maritime freight, energy consumption, and CO2 emissions for Norway and Finland, which is not confirmed by the EKC hypothesis. The success of the Norwegian government in terms of reducing carbon emissions are following the decision to impose a tax on carbon released to nature, Norway launched the world’s most advanced carbon capture project. According to Norway’s carbon law, if a higher rate of carbon dioxide is released to the nature, the tax will be paid by the companies, which is more than its profit. When it is examined in terms of carbon emission reduction policies in Finland, the carbon tax was first implemented and pioneered in the early 1990s. Thus, these countries have achieved low carbon emissions through appropriate policies.
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Dependent variable: InCO, emissions
Variables Coefficient ~ Standard error  t-Statistics ~ P-val

Long-run resuits

In Maritime_frght 0.2723 0.0459 4.2158 0.0016"
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Notes: * Statement denotes the unit root test results of variables implemented in the
astimation process at 1% level of significance.
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Countries MinSSR Frequency (k) SHIN FSHIN-Stat. (CImf) F statistics Co-integration

Denmark 0.018 1 0,001 0,046 46.05 v
Sweden 0.016 1 0.073* 0.038* 2263 v
Norway 0.069 2 0,121* 0.181 2.82 X
Finland 0.067 2 0,118* 0.162 321 X

Notes: * shows the existence of a co-integration relationship at the 5% level. In the FSHIN test, the critical values for frequency values 1and 2 at the 5% significance level are 0.061 and
0.097, respectively. The critical value for the SHIN test at the 5% significance level is 0.121. The critical value for the F test at the 5% significance level is 4.066.
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depicts positive results. In addition,
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Arvin, Pradhan, and  G-20 countries; transportation 1961-2012  Cross-correlation matrix, panel unit It has been found that short-run
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Countries

Denmark

Sweden

Norway

Finland

Variables

GO, emissions
Energy consumption
GDP

Maritime freight
CO, emissions

Energy consumption
GDP

Maritime freight
GO, emissions

Energy consumption
GOP

Maritime freight
GO, emissions

Energy consumption
GOP
Maritime freight

PP (fixed
and Trending)
(level 0)

~1.1976 (-3.6329)
15108 (-3.6329)
-0.7102 (-3.6329)
2.3917 (-3.6329)
~1.7405 (-3.6329)

-2.5702 (-3.6329)
~0.6155 (-3.6329)
-2.8155 (-2.9484)
~1.0996 (-3.6329)

~1.8456 (-3.6329)
~0.6471 (-3.6329)
-2.1133 (-3.6329)
~1.8267 (-3.6329)

~1.5625 (-3.6329)
-0.9254 (-3.6329)
-2.3626 (-2.9484)

PP (fixed
and Trending)
(first difference)

7.4844" (-3.6394)
7.1732" (-3.6394)
~4.1589" (-3.6394)
-3.6431" (-3.6394)
-6.5981" (-3.6394)

-6.8508" (-3.6394)
~4.7024" (-3.6394)
36549 (-2.9511)
-9.0138" (-3.6394)

~11.459" (-3.6394)
-3.2436" (-3.6394)
-3.5576" (-2.9511)
-6.3352" (-3.6394)

-6.9794" (-3.6394)
-4.3078" (-3.6394)
-3.1071° (-2.9511)

ADF unit
root test
(level 0)

~1.3017 (-3.6329)
5108 (~3.6329)
06959 (-3.6329)
3017 (-3.6329)
5859 (~3.6394)

25936 (-3.6329)
05799 (-3.6329)
-3.1690 (-2.9540)
~1.1396 (-3.6329)

~1.7322 (-3.6394)
05834 (-2.9484)
-3.3826 (-3.6394)
~1.8593 (-3.6329)

~1.6659 (-3.6329)
-0.8854 (-3.6329)
-3.2086 (-3.6537)

ADF unit
root test
(level 1)

~7.4458" (-3.6394)
~7.0622" (-3.6394)
—4.2997" (-3.6394)
~7.4458" (-3.6394)
-5.9846" (-3.6394)

-6.8508" (-3.6394)
-5.0218" (-3.6463)
-3.9316™ (-2.9540)
-0.1681" (-3.6394)

~8.9940" (-3.6394)
-3.3546" (-2.9511)
-4.2447" (~3.6463)
-5.8441" (-3.6463)

-6.9528" (-3.6394)
-4.2631" (~3.6394)
—4.0764" (-3.6793)

Decision

1)
i)
1)
i)
1)

(7]
1
1)
1)

1)
I
1
(1)

7]
(1)
i1

Notes: * and ** symbols indicate the series of findings in terms of unit root test which is used in the estimation process, 1 and 5%. The italic values demonstrate the stationarity of the series.
The bold values represent the t-statistic of the series.
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Maritime freight

Sweden
Variables

CO, emissions
Energy consumption
GDP

Maritime freight

Norway
Variables

CO, emissions
Energy consumption
GOP

Maritime freight

Finland

Variables

CO; emissions
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GDP

Maritime freight

Notes: * indicates significance at 1% level. The critical values of the FKPSS: test are 0.269 at 1%.

10

Frequency (k)
1

1
1
1
0

Frequency (k)
1

1
i
1
10)

Frequency (k)
1

1
1
1
10)
Frequency (k)

1
b
1

FKPSS stats
0.532
0.467
0.758
0.836

FKPSS stats
0.613
0.532
0.814
0.720

FKPSS stats
0.478
0.623
0.521
0.723

FKPSS stats
0.345
0.678
0.326
0.689

First difference

Frequency (k)
1

1
1
1

First difference
Frequency (k)
1

1
1
1

First difference
Frequency (k)

1
1
1
1
First difference

Frequency (k)

1
1
1
1

1(1)

FKPSS stats
0.024
0.034
0.067
0016

11)
FKPSS stats
0015
0.023
0.089
0.009

(1)
FKPSS stats
0047
0025
0011
0027

11)
FKPSS stats
0.007
0013
0.042
0.024

F statistics
21.734%
17.168"
24.245"
23.567*

F statistics
19.622"
16.279*
21.329"
16.478"

F statistics
15.521*
18.267"
21.356"
14.890"

F statistics
23.146"
14.760"
19.236*
26.347*
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Finland
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Mearitime freight

GO, emissions

Energy consumption
GDP

Maritime freight

GO, emissions

Energy consumption
GDP

Maritime freight
€O, emissions

Energy consumption
GDP
Mearitime freight

Level

~1.1126 (-3.6329)
~1.5108 (-3.6329)
-0.7274 (-3.6329)
1.5678 (-3.6329)
17564 (-3.6329)

~2.5936 (-3.6329)
-0.6189 (-3.6329)
—2.4144 (-2.9484)
~1.1003 (-3.6329)

-1.8335 (-3.6329)
-0.6492 (-3.6329)

-1.8593 (-3.6329)

~1.5759 (-3.6329)
-0.9053 (-3.6329)
~2.3591 (-3.6329)

First difference

~7.4458" (-3.6394)
~7.0622" (-3.6394)
~4.2007" (-3.6394)
-3.7455' (-3.6394)
-5.9846" (-3.6394)

-6.8508" (-3.6394)
-4.8615" (-3.6394)
-3.7893" (-2.9511)
-9.1681" (-3.6394)

-8.9940" (-3.6394)
-3.7546" (-3.6394)
-3.8475" (-3.6394)
~6.1446" (-3.6394)

-6.9528" (-3.6394)
-4.2631" (-3.6394)
-3.9377* (-2.9511)

Model selection

Ccm
crr
Ccm
Cm
Cm

cr
T
Cm
cr

Cm
Ccm
Ccm
cm

cT
cr
cr

Notes: /T demonstrates the structural break together in constant trend. The symbol **"indlicates the unit root test findings for the regressors assumed in the estimation process for 1%
level of significance. Symbols in parentheses are 1% significance, respectively. It indicates the critical value and structural break dates for the level. The results show that the variables used
in the model are stationary | (1) in the first level,
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Sweden

Norway

Finland

Notes: Optimal lag length is determined by AIC (Akaike information criterion).

Variables

InCO, emissions
InEnergy consumption
InGDP

InMaritime freight
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InEnergy consumption
InGDP

InMaritime freight
InCO; emissions

InEnergy consumption
IGDP

InMaritime freight
InCO; emissions

InEnergy consumption
InGDP
InMaritime freight

Constant

0038 (0)
0.157 (1)
0151 (1)
0152 (1)
0043 (0)

00134 (1)
0167 (1)
0.156 (1)
0026 (0)

0421 (1)
0.495 (1)
0614 (1)
0023 (0)

0.0249 (1)
0.250 (1)
0.243 (1)

Constant +
trend

2237 (0)
1.536 (1)
1.625 (1)
1,639 (1)
2345 (0)

1.489 (1)
1.543 (1)
1.657 (1)
2.451 ()

1.434 (1)
1513 (1)
1.412 (1)
3.457 0)

1.851 (1)
1.745 (1)
1.826 (1)

Variables

INACO, emissions
InAEnergy consumption
INAGDP

InAMaritime freight
InACO, emissions

InAEnergy consumption
INAGDP

InAMaritime freight
INACO, emissions

InAEnergy consumption
INAGDP

InAMaritime freight
InACO, emissions

InAEnergy consumption
INAGDP
InAMaritime freight

Constant

8.415 (1)
5.389 (1)
5513 (1)
5.387 (1)
8.248 (1)

5.485 (1)
5678 (1)
5.412 (1)™
7.234 (1)

6.253 (1™
7422 (1p*
6.354 (1)
7.479 (1)

6.287 (1)
6.235 (1)
6355 (1)

nd * axpressions indicate 1, 5. and 10% level of significance, respectivaly.

Constant +
trend

8547 (1)
5519 (1)
5372 (1)
5301 (1)
8.437 (1)

5.635 (1)
5.429 (1)
5578 (1)
7.826 (1)

6.723 (1™
7.812 (1
6.882 (1™
8.437 (1

6.718 (1)

6357 (1)
6.780 (1)™*
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