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Abstract

:

The current study illustrated the time variance of turning points in the relationship between carbon emissions and income to resolve heated debate on the different responsibility to climate change with 1950–2010 data of five development diversity countries—three developed countries (Germany, Italy, and Japan) and one developing country (India) and one newly industrialized economy (Taiwan). The article also examines the impact of the crisis on emission. The time-varying patterns in the turning points on environmental Kuznets curves (EKCs) were observed by a rolling regression technique with 1950–2010 data regarding the per capita CO2 emissions caused by fossil fuel combustion and the incomes of the countries. Several empirical findings were revealed from this analysis. Per capita CO2 emissions commonly decreased with varying magnitudes in the five countries over time. The EKC hypothesis regarding the CO2 emissions is affirmed again in this study. The announcement effects associated with the Kyoto Protocol was evidenced. As indicated by the occurring GDP of the turning point, there is a strong reduction trend in the income level of the turning points right before the years of Kyoto Protocol; and this decreasing trend nearly ended as the Kyoto protocol approached its end, except in Germany, where the occurring income of the turning points continued to have a decreasing trend. Although the global financial crisis had its effects in the world, the impacts on carbon dioxide emissions vary across countries.
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1. Introduction


The increase in the number of disasters caused by global warming prompted the United Nations Framework Convention on Climate Change (UNFCCC) to establish the Kyoto Protocol, the first international treaty for reducing excessive greenhouse gas emissions [1,2,3], to mitigate global warming. To prevent harmful changes from global warming catalyzed by human activity, the Kyoto Protocol was signed in 1997 and enacted in 2005. The Kyoto Protocol is supported by most countries, many of which have striven to amend and update their domestic policies in response to global concerns and have passed voluntary legislation or ratifications based on domestic public opinion. Many countries have integrated various regional and domestic policies enacted before and after introduction of the Kyoto Protocol.



Increases of the economic activities in history are regarded as the culprit for observed global warming [4]. The developed countries in Annex I in the Kyoto Protocol were obligated to reduce CO2 emissions in its first commitment period, 2008–2012, whereas Non-Annex I developing countries with low or mid-level average incomes had no such binding emission target.



The first commitment period, 2008–2012, has passed after the 2012 Doha Amendment [5]. While negotiating potential amendments to the Kyoto Protocol, countries have disputed how to maintain a low atmospheric CO2 concentration. Under the Kyoto Protocol, developed countries must determine how to reduce disparity between their binding targets and actual reductions, whereas developing countries have no such direct binding targets. Huang et al. [6] argued that because of their rapidly developing economies, some developing countries may emit large concentrations of CO2 unless relevant voluntary initiatives are employed. From this perspective, amendments to the Kyoto Protocol require both developed and developing countries to voluntarily reduce their CO2 emissions. At the 21st conference of parties (COP 21) in Paris, parties to the UNFCCC reached a landmark agreement, the so-called “Paris Agreement”, to accelerate and intensify the actions and investments for a sustainable low carbon future; and the rules for the Paris Agreement were elaborated at the COP 24 to the UNFCCC held in 2018 [7,8]. To reveal the actual effects generated from the first commitment period of Kyoto Protocol is especially important as there are heated debates on the responsibility taken by the countries with income and development diversity, since countries in different income levels might have divergent emission potentiality and mitigation capability. It is worthwhile to develop the practice and research on income development among countries and make policy implications.



To understand how to address the aforementioned controversy and divergent views regarding roles and responsibilities undertaken to reduce CO2 emissions, this study selected five countries to investigate the effects of the Kyoto Protocol on CO2 emissions. With different economic structures at various stages of economic development, here valuable climate policy implications are drawn from the empirical evidences with respect to the country’s emission potentiality and their mitigation capability with their divergence in income level and their economic development. The five countries in the present study are Germany, Italy, Japan, India, and Taiwan, all of which have differential responsibilities in reducing CO2 emissions in the first commitment period of the Kyoto Protocol. Germany, Italy, and Japan belong to Annex I of the treaty, and thus have emission targets, whereas India is a developing country without a binding target. On the contrary, the newly developed economy, Taiwan, is a party undefined in the protocol.



How Japan, Germany, and Italy’s response in their trends to carbon emissions are of interest. Since EU countries have model initiatives to the mitigation of global warming and the European Union is one of the most actively involved parties in CO2 emission reduction under the Kyoto Protocol [9], it is interesting to pick the top two in the manufacturing scale [10] among its member states, Germany and Italy, in this investigation. Germany has the largest national economy in Europe. Its industry sector contributes around 30% of the national outputs. Italy is also a large manufacturer and overall the second in EU behind Germany (Eurostat, 2019). Moreover, Japan is the largest developed economy in Asia, and the Kyoto Protocol was adopted in Kyoto, Japan, on 11 December 1997. Therefore, this study picked three single countries among them on the purpose to (1) show countries of high fossil-fuel reliance reduce the global risk of catastrophic climate change, to (2) demonstrate the decarbonization trends of the potential devoted model countries (two EU countries and Japan).



Income is typically among the most critical factors affecting policymaking in a country and is the most commonly-used determinant of human-induced CO2 emissions. The persistent importance of the income variables in an environmental Kuznets curves (EKC) study was proposed by econometrists, Müller-Fürstenberger and Wagner [11,12]; and a reduced form EKC model was suggested by Vollebergh et al. [13]. A reduced form of EKC model specification was adopted in this study. Some other recommended literature [14,15,16] include more relevant variables in EKC study and make respective conclusions on the significances of these variables. For these perspectives, after thoroughly reviewing and discussing these literature (in the latter sections), the practice of this study was to takes into account the development diversity of the countries surveyed.



In addition to examining the links between carbon emissions and income, the present study also examined the impacts of the financial crisis on the emissions trend during the first commitment of Kyoto Protocol. There are contradictory ideas on the emission response to the economic recessions. On the purpose to combat global warming, the CO2 emissions mitigate with declined economic production. On the contrary, countries might increase their energy use, and therefore their carbon emissions, to survive in the crisis, to recover from recession, and/or to support their future economic growth. From these perspectives, the present study demonstrated how the trajectory of CO2 emission trends changes during the period of global financial crisis. It is interesting to probe the emission behavior of the countries to justify whether there is downturn (or upturn) trends to the volume of carbon emissions.



The time transition of turning points on inverted U-shaped EKCs can serve as an indicator of trends of CO2-emission pattern. The EKC turning points are a viable indicator of policy effects on the study on a panel of homogeneity countries in their income, energy, and policy, and therefore also to individual countries with persistent economic structure. The individual country investigation in the present study is far away from the case of Richmond and Kaufmann [14,15]. Their arguments regarding the weak statistical significance are, in fact, valid merely in the case adopting cross-country panel data of economic heterogeneity like their research.



The CO2 reduction effects of the chosen five countries are compared in this study by using the technique of rolling regression to compute parameters and assess the time trends of consistency of economic patterns—changes in the turning points of an EKC by rolling the subsamples [17,18,19]. Because the economies and population sizes of these five countries vary substantially, CO2 emission levels and income variables were measured in per capita units to facilitate convenient comparison with data retrieved from reliable sources.



The estimated shapes of EKCs and the evaluated turning points in the relationship between per capita CO2 emissions and per capita income levels were used to demonstrate the equilibrium path of income and emissions in order to illustrate changes caused by each individual country’s public preference, technology, and governmental policies and legislation. In addition, the effects of economic features such as structures and developmental stages belonging to the five countries were addressed.



The remainder of this paper is structured as follows. Section 2 reviews the related literature and Section 3 empirically analyses the rolling regression for the transition of the EKC turning points under first commitment of Kyoto Protocol. Section 4 presents the econometric analysis outcomes. Section 5 discusses the empirical results. Section 6 provides a conclusion.




2. Literature Review


2.1. EKC Model


A huge volume of literature are on the study concerning the EKC issues. Some key literature, but not all, are reviewed and compared in this paper where appropriate. Since the EKCs were first proposed by Grossman and Krueger [20,21], a large number of pollutants and environmental degradation indicators, including CO2 emissions, had been examined its EKC relationship with income. However, regarding a wide variety of divergent environmental degradations indicators, there is no persistent consensus on the EKC relationship and studies have debated the existence of the inverted U-shaped EKC model. Shafik [22] illustrated a monotonically increasing relationship, as observed during the uphill period of an EKC curve; moreover, de Bruyn et al. [23] and Friedl and Getzner [24] have observed N-shaped curves due to historical events.



However, many researchers have concluded that per capita CO2 emissions—an indicator of a degrading environment—demonstrate an inverted U-shaped EKC as income increases. Stefanski [25] and Chen [26] have affirmed inverted U-shaped EKCs in the relationship between per capita CO2 emissions and per capita income.



Chen [26] argued that the effects of the embedded energy cost in an economy have driven the decreasing in the slopes of the EKC of per capita CO2 emissions, automatically by the market mechanism. The cost of fossil energy is an indirect cost of CO2 emissions from fossil fuel combustion along the growth trajectory of income increase.



Shafik and Bandopadhyay [27] demonstrated the externality of climate change had induced from accumulated atmospheric concentrations of CO2 emitted from human activity. This is a classic free rider problem related to CO2 emissions; no major local costs are associated with the externality of carbon emissions, and all costs in terms of climate change are borne by the rest of the world. They had expressed their concerns regarding the absence of an automatic decrease in incentives embedded in the economy. However, energy costs are the indirect costs of carbon dioxide emissions and valid mitigating incentives of subsequent global warming. Valuable important policy implications would be made after the inverted U-shaped EKC patterns are affirmed again by the present study.



Therefore, EKC quadratic relationship between CO2 emissions per capita and GDP per capita suggested by Chen [26] and Stefanski [25] are hypothetically tested in the present study. Based on the results of Shafik [22], Cole [28], Park and Lee [29], and Esteve and Tamarit [30], empirical specifications for the relationship between CO2 emissions and income in the present study are set as linear, quadratic, cubic, or other nonlinear functional forms by extrapolating and interpolating estimated functional specifications for (1) linear relationships, (2) quadratic relationships (EKCs), (3) cubic relationships, and (4) none of the aforementioned relationships.




2.2. The Turning Points


An inverted U-shaped EKC illustrates that after a specific threshold (a turning point) has been exceeded, CO2 emissions begin to decrease with a steady increase in income [31,32,33,34]. Changes in turning points can indicate changes in trends in EKC quadratic relationships [11,33,35]. Therefore, changes in EKC turning points can reveal trends in the CO2 emissions of countries of varying status in 1950–2010 under the Kyoto Protocol.




2.3. Reduced-Form EKC Model


Income is typically among the most critical factors affecting policymaking in a country’s climate policy and is the most commonly used determinant of human-induced CO2 emissions in the EKC studies. Since income has played the most important role in the EKC studies, and persistent importance of the income variables is proposed by Müller-Fürstenberger and Wagner [12], a reduced-form EKC model with income determinants are relevant and often used [13].




2.4. Cross-Country Study on Income Inequity and Other Variables


Some papers have studied the effects of other variables on the CO2 emissions as adopting EKC models. Coondoo and Dinda [16], Grunewald et al. [4] included cross-country income inequity and make recommendations for the international climate policy. Richmond and Kaufmann [14,15] included energy mix, energy prices among countries for cross-country analysis and make suggestions for the use a EKC turning point to make statistical inference.




2.5. The Statistical Supports on the Turning Points


Richmond and Kaufmann [14,15] found that statistical support for a EKC turning point would be eliminated due to the strong effects from other variables such as energy prices, energy share, model specifications, and levels of economic development as Richmond and Kaufmann [14,15] adopted panel data of the country groups of OECD and non-OECD, respectively. They found weak statistical supports on the turning point for the countries with high income (OECD countries in their study) and no turning point for countries with low income (non-OECD in that study). They had made very strong suggestions to forecasters and policy makers that they should not depend on a turning point in the relationship between income and energy use or carbon emissions.



However, the investigation of Richmond and Kaufmann [14,15] estimated common turning points for the group of income, energy, and policy heterogeneity countries. Their estimations were based on a very strong assumption to deem the heterogeneity countries in the estimated group as a whole with homogeneity properties in relevant domestic policy, energy structure, and economic structure. Their research and the design was rigorous, however, the suggestions are only valid under the specific circumstance of their study.



On the contrary, the EKC turning points were justified as a good indicator for the effects of climate policy in the present study. In my opinion, if the EKC turning point is sensitive to the changes in the data in an empirical study, it would serve as a good policy indicator. This is because where the EKC relationships were consistent, the turning point estimates were stable and did not vary. The estimated turning points are feasible policy indicators by a study on a panel of countries of homogeneity in their income, energy, and policy, so as to individual countries with persistent economic structure; while its statistical significance will be weakened as adopting cross-country panel data of economic heterogeneity like the research of Richmond and Kaufmann [14,15].



Rather than adopting a panel of cross-country analysis, the patterns for CO2 emissions are investigated in the present study with a focus on the impact of structural productive conditions of individual countries with reference to the relationship between per capita income and harmful emissions. Cross-country comparison is made by comparing the levels and the transitions of occurring income of the EKC turning points of the selected five countries with different responsibility in the first commitment period of Kyoto Protocol, to partially underline the income inequalities among countries. Policy recommendations at global level is made based on the research evidences of estimated turning points and divergence of the economy and the unbalanced international specialization of economic activities.



In fact, the analysis conducted on individual countries in the present research cannot fully consider the interaction and interdependence between countries. Due to the limitations from the research design and length of this present study, this content is reserved for future research.




2.6. Effects from Kyoto Protocol


Many researches are on the effects from Kyoto Protocol. Recent studies had noted that the ratification of the Kyoto Protocol had reduced CO2 emissions; but Kyoto commitment had reduced the competitiveness of many Kyoto countries and their exports. and most committed parties were far from achieving their binding ceiling targets. Kyoto reduced domestic emissions in committed countries, has not lowered domestic footprints, but increased the share of imported over domestic emissions with a carbon leakage [36,37,38,39,40].




2.7. The Importance of Time Variation and Rolling for a EKC Relationship


The importance of time variation are suggested by Ajmi et al. [41]. They found that there is significant time-varying nexus among the variables under consideration in their study on the relationships between energy consumption, carbon dioxide emissions and gross domestic product in the G7 countries. This study supports the needs of rolling with a time window in this study as we investigated the time trajectory of the turning points.




2.8. Announcement Effects and Anticipated Effects


The announcement effect refers to the fact that the economic behavior changes with the announcement of a future policy. A policy was announced and anticipated, it took effect, and the anticipated international policies of the Kyoto Protocol exerted their influence [42]. An economy starts to respond to a new future policy and changes its behavior before the practical introduction of the policy [43,44]. Accordingly, the effects of a climate policy may occur both before and after its implementation. Since the purpose of this study is aimed to demonstrate the impacts of Kyoto Protocol, it seems appropriate to backwardly extend the study time period to 1950 and allow the current study to demonstrate the announcement effects, as the Kyoto Protocol was adopted on 11 December 1997 and entered into force on 16 February 2005.





3. Empirical Analysis


3.1. Model Specifications


Studies have debated the existence of the inverted U-shaped EKC model; thus, the present empirical study considered linear and cubic functional specifications between per capita CO2 emissions and per capita income, in addition to a quadratic EKC relationship. With the significance of quadratic functional forms of EKCs, this empirical study applied EKC quadratic functional forms to investigate emission trends in the relationship between per capita CO2 emissions and per capita income. The cubic and linear specifications were applied when the quadratic terms were nonsignificant.


Linear functions: lnCO2t=α+β1lnYt+ut



(1)






Quadratic EKC functions: lnCO2t=α+β1lnYt+β2(lnYt)2+ut,



(2)






Cubic functions: lnCO2t=α+β1lnYt+β2(lnYt)2+β3(lnYt)3+ut,



(3)




where lnCO2 represents per capita CO2 emissions expressed as a logarithmic value, lnY represents per capita income expressed as a logarithmic value, and ut is the error term.



This is consistent with the findings suggested by Chen [26] and Stefanski [25] which had suggested a quadratic relationship between CO2 emissions per capita and GDP per capita. We focused only on the quadratic relationship, and the relationships can be inferred using the signs of coefficients specified in the quadratic specification Equation (2).



(1) β1 > 0 and β2=0 indicates a monotonically increasing linear relationship.



(2) β1 < 0 and β2=0 indicates a monotonically decreasing linear relationship.



(3) β1 > 0 and β2 < 0 indicates an inverted U-shaped relationship in the first quadrant.




3.2. Data


Several credible data sources provide computation techniques and quantitative data to represent the amounts of CO2 emitted through fossil fuel combustion. Galeotti et al. [45] used data from the Carbon Dioxide Information Analysis Center (CDIAC) and International Energy Agency and verified that the empirical results obtained did not vary according to the data source. In the current study, we used a single data source, namely the CDIAC, to determine changes in turning points in per capita emissions and illustrate trends in emission patterns in five countries. Data from 1950–2010 on the aforementioned five individual economies were retrieved from credible sources: (1) data on CO2 emissions from fossil fuel combustion (in metric tons of carbon) were obtained from the CDIAC [46] and CO2 emissions were calculated using the reference approach; (2) income data (per capita GDP) were retrieved from The Conference Board (2012). Income data were updated to 2005 EKS PPPs and converted to 2010 USD prices. According to Kumazawa and Callaghan [47], the ratifications of the Kyoto Protocol exerted evident carbon reduction effects between 2005 and 2006. This study selected 1950–2010 data to analyze CO2 emission reduction as the Kyoto Protocol was in force.




3.3. Rolling Regression to Determine the Occurring GDP of the Turning Point in EKC Model


The present study probes the facts of the relationship between CO2 emissions and income over the time period before and after the introducing of the Kyoto Protocol by rolling regression to investigate temporal changes in the relationship between CO2 emissions and income. The importance of time variation in EKC study are supported by Ajmi et al. [41] (2015), which evidenced a significant time-varying nexus among the variables under consideration in their study.



To take the announcement effects of a climate policy into consideration the present study adopted 1950–2010 annual data in the analysis. In the present study, 21 data subsets were derived from the 1950–2010 annual data to estimate the EKCs for each economy. Each data subset comprised 41 annual data. The estimated changes in the occurring income values of the turning points revealed emission trends in the five economies. In total, 21 estimated curve shapes and forecasted incomes for the turning points in the EKC model were used to illustrate the composite effects of domestic policies during the Kyoto Protocol in force. The locations of turning points in the sample data range used to estimating the EKCs indicated whether the occurring GDP of the turning point had approached or not, and current fluctuations in CO2 emissions are decreasing or increasing with increases in income. The following describes conditions of the occurring GDP of the turning points.



3.3.1. The Trends in Corresponding GDP of the Estimated Turning Point that Already Happened


If the estimated income of a turning point is within the sample range, turning points in CO2 emissions in the economy are actually reached in the years which the data covered.



If the turning points were rolling to shift to lower income levels, the economy in analysis exhibits (1) higher and increasing CO2 emissions at an earlier economic development stage, (2) currently declining CO2-emissions, and (3) a trend of turning points that approaches at lower income [31,32,33,34]. Müller-Fürstenberger and Wagner [12] and Markandya et al. [34] have indicated that changes in public opinion, government policies, and legislation regulations potentially cause reductions and a trend of reduction in emissions.




3.3.2. The Decreasing and Increasing Trends in Corresponding GDP of the Estimated Turning Point that Is Not Reached


If the income level of the turning point is not reached, the estimated income level lies beyond the left side of the sample range. The relationship between CO2 emissions and income is situated at the incremental stage of an inverted U-shaped curve, and emissions exhibit a monotonically increasing trend at a decreasing rate [48]. However, rolling techniques allow us to demonstrate the decreasing and increasing trends in corresponding GDP of the turning points that will occur in the future.





3.4. Tests for Stationarity and Cointegration


Friedl and Getzner [24], Perman and Stern [49], and Lee and Lee [50] have indicated that the stationarity of time series data would affect the estimation of the EKCs. Traditional ordinary least squares regression with nonstationary variables may lead to spurious relationships [51]. Time series regressions are suitable for use with stationary time series data or cointegrated nonstationary data series. Moreover, Müller-Fürstenberger and Wagner [12] and Friedl and Getzner [24] suggested the needs to address econometric problems in EKC analysis. Therefore, a unit root test and cointegration analysis were performed before the regression analysis in the present study to test the properties of time series data.



After the data had been transformed using a logarithmic function, cointegration of the variables from each country were investigated using Kwiatkowski–Phillips–Schmidt–Shin (KPSS) test [52] for the null of stationary and the Johansen cointegration test [53,54] for the null of integration. Table 1 and Table 2 list the test results. The KPSS test determined whether the data of the five countries were in a nonstationary time series, and the cointegration test indicated whether all data of each country were cointegrated. Each country maintained long-term equilibrium between its CO2 emissions and income. Cointegration between nonstationary data series for each country led to the formation of an EKC relationship.





4. Empirical Results


The logarithmic values of the data of per capita income and CO2 emissions were fitted to EKC relationships by using quadratic functional forms Equation (2). Table 3, Table 4, Table 5, Table 6 and Table 7 list the estimated quadratic functional forms and corresponding turning points exhibited by Germany, Italy, Japan, India, and Taiwan, respectively; furthermore, Figure 1 displays the turning point transitions for these five countries.



4.1. EKC Relationships for 1950–2010


As hypothesis, the EKCs for per capita CO2 emissions in each of the five countries maintained a quadratic relationship during 1950–2010—the full sample data period in this study. As shown in the first rows of Table 3, Table 4, Table 5, Table 6 and Table 7, the quadratic EKCs exhibited an inverted U shape (β1 > 0 and β2 < 0) relationship among the five countries in the full sample data period. The turning points of Germany and India were within the sample range (USD18,779 and USD3218, respectively), whereas those of Italy, Japan, and Taiwan were outside this range (USD34,835, USD58,054, and USD778,670, respectively).



The per capita CO2 emissions of Germany and India reached turning points on the inverted U-shaped EKCs and then declined. Regardless of the stage to which an economy developed or the magnitude of a country’s income, CO2 emission reductions were achieved through cautious carbon-mitigating development. The relationships in Italy, Japan, and Taiwan were comparatively situated at the incremental stage of the inverted U-shaped EKCs, and the monotonic increases gradually slowed.




4.2. Rolling Regression for Trends of and Relationships Between CO2 emissions and Income


The current study illustrated the time variance of the turning points in the relationship between carbon emissions and income based on the assumptions of EKC curves. To investigate trends in the changes in their EKC relationships, twenty-one subperiods were rolled from 61 annual time series data (1950–2010) for each of the five countries. In each subperiod, 41 annual observations (fixed-window) were delineated to estimate the EKC relationship and its turning point. Where the EKC relationships were consistent, the turning point estimates throughout the 21 subperiods did not vary, however.



Some examples in Chapter 9 in the book wrote by Zivot and Wang [17], used 25 observations for each of the fixed-window in their rolling regressions. Therefore, the rolling window we choose seems appropriate.



The Kyoto Protocol was adopted in Kyoto, Japan, on 11 December 1997 and entered into force on 16 February 2005. As considering announcement effects, this study backward extends the study period to be start from 1950. The full time period, 1950–2010, seems relevant.



Initially, the regression fitted data between 1950 and 1990 Period, denoted as P1 (‘P’ hereafter when referring to the specified 21 subperiods in this study). Then, the regression data were rolled from P1 forward by trimming the first observation and adding one additional observation to the front. The second regression covered data from 1951 to 1991. The second subperiod is denoted as P2. The same stepwise rolling technique was applied to the aforementioned 21 subperiods. The carbon reduction effects, trends of the turning points, and the curve shapes for the five countries were inferred based on the statistical significance, signs, and magnitudes of the estimated regressions. Table 3, Table 4, Table 5, Table 6 and Table 7 present the estimated rolling results for the five countries obtained by rolling and fitting the data to the EKC model over 21 subperiods (P1 to P21). The 21 subperiod intervals are listed in Table 3, Table 4, Table 5, Table 6 and Table 7 as P1 (1950–1990), P2 (1951–1991), P3 (1952–1992), P4 (1953–1993), P5 (1954–1994), P6 (1955–1995), P7 (1956–1996), P8 (1957–1997), P9 (1958–1998), P10 (1959–1999), P11 (1960–2000), P12 (1961–2001), P13 (1962–2002), P14 (1963–2003), P15 (1964–2004), P16 (1965–2005), P17 (1966–2006), P18 (1967–2007), P19 (1968–2008), P20 (1969–2009), and P21 (1970–2010). The inverted U-shaped relationships were maintained in most subperiods for both developed and developing countries; these results were consistent with those of Galeotti et al. [45], who determined that CO2 emission EKCs of developed countries are inverted U-shaped. In only a few of the subperiods were the EKC patterns nonsignificant and the turning points not applicable (denoted as N/A in Table 3, Table 4, Table 5, Table 6 and Table 7). Moreover, in Table 3, Table 4, Table 5, Table 6 and Table 7, # denotes a turning point where the value lies inside the value span of the sample comprising 41 observations over a specific subperiod.



In the subperiods with inverted U-shaped EKCs, the turning point changes indicated changes in emissions. Figure 1 illustrates the turning point transitions of the five countries; interpolation was applied to smooth the curves and income values were added to the subperiods when turning points were not applicable. In Figure 1, the EKCs of selected subperiods revealed transitions in the EKC trend over time and could be used for comparison.




4.3. Policy Implications for Individual Countries


As shown in Table 3, the turning points of all rolling subperiods for Germany were within the sample range. Germany, an industrialized country, exhibited a gradual decline in per capita CO2 emissions due to prudent policymaking designed and enforced to reduce CO2 emissions with very limited income pullback. Therefore, the turning points of per capita CO2 emissions shifted to a time before Kyoto Protocol enactment (Table 3 and Figure 1a). In Germany, domestic ratifications of the Kyoto Protocol and reductions in CO2 emissions, which occurred even before Kyoto Protocol enactment, were closely associated with changes in public opinion, governmental policies, and legislation regulations. Germany effectively reduced CO2 emissions, and this finding was consistent with those in relevant studies [55].



Japan improved in terms of CO2 emission reduction (Table 5 and Figure 1c). Except for P20 and P21, inverted U-shaped relationships existed from P1 to P19. The turning points in the early subperiods sharply shifted towards lower income and were inside the sample from P10. Throughout P1–P19, the turning points in 10 subperiods (P1–P9 and P19) were outside the sample, whereas throughout P10–P18, the turning points were within the sample range; thus, Japan effectively reduced CO2 emissions, except during the global financial recession subperiods (P20 and P21), where Japan lost control of emission reduction.



As shown in Table 6, in Italy, from P7 to P15, the turning points occurred at income levels lying inside the sample range, whereas the turning points in the early (P1–P6) and later (P16–P19) subperiods were outside the sample range. During P1–P6, per capita CO2 emissions increased at slower rates similar to those during the increasing stage of the inverted U-shaped EKC. In addition, during P7–P15, Italy passed the turning point, temporarily reducing its per capita CO2 emissions. However, its CO2 emissions returned to the increasing stage of the inverted U-shaped EKC during P16–P19.



Although both Italy and Germany are bound to CO2 emission reduction according to the Kyoto Protocol, their reduction trends were dissimilar as shown in this study. With high fuel finery capacities [56], the dominant industries in Italy are those that consume large amounts of fossil fuels and emit high quantities of CO2. In other words, although Italy is bound to a reduction target, its domestic energy demand remains high. In fact, its predominant industries—petroleum refinement and steel industries—are linked to high CO2 emissions. This consistent dependency on carbon-intensive industries has weakened Italy’s CO2-emission reduction capacity. In 2012, Italy began developing nuclear power plants [57,58] and ceased subsidizing solar energy (as it had been since 2005) because of the government’s financial problems. Thus, because carbon-intensive industries dominate the Italian economy, its CO2 emission levels remain high.



According to the Kyoto Protocol, India is a developing country that has no binding commitment to reduce its CO2 emissions. An inverted U-shaped relationship existed between India’s per capita CO2 emissions and income in all 21 subperiods. During P1–P16, per capita CO2 emissions monotonically increased as the values of turning points exceeded the maximal sample values. The income values of the turning points in India decreased during the first four subperiods and remained steady from P5 to P16. The turning points then reached values within the sample range during P17–P21. The main industries in India are low-carbon industries such as agriculture (more than 50% of the population engages in agricultural activities) and software design and development.



In Taiwan, CO2 emissions were strongly linked to increasing income and economic development, which relies on export-oriented manufacturing. The EKC relationships in Taiwan were maintained from P1 to P17, except during P18–P20. During the inverted U-shaped EKC subperiods (P1–P17), turning point values lay outside the sample range. The turning points on the EKCs increased over time as the economy developed and boomed during 1970–1990 (Figure 1e). During P15–P21, irregular changes in the turning points suggested that the economy was vulnerable because it was dependent on export-oriented manufacturing industries which relying imported energy.




4.4. Impact During the Global Financial Crisis


EKC relationships were noted in most subperiods for the five countries. Galeotti et al. [45] ascertained EKC relationships for developed countries by investigating pre–Kyoto Protocol data. The results of the present study obtained using data from before and after the Kyoto Protocol confirmed that per capita CO2 emissions converged or decreased in both developed and developing countries.



As suggested by the results in Table 3, Table 4, Table 5, Table 6 and Table 7, the following quadratic EKC patterns were nonsignificant at the 10% level during the following subperiods:

	(1)

	
P5 (1956–1996), P6 (1955–1995), P7 (1956–1996), P20 (1969–2009), and P21 (1970–2010) in Germany;




	(2)

	
P20 (1969–2009) and P21 (1970–2010) in Italy;




	(3)

	
P20 (1969–2009) and P21 (1970–2010) in Japan;




	(4)

	
no nonsignificant quadratic terms among all subperiods in India; and




	(5)

	
P18 (1967–2007), P19 (1968–2008), and P20 (1969–2009) in Taiwan.









The cubic and linear specifications (estimated results not shown) were applied to fit data during the subperiods where the turning points were not applicable and the quadratic terms were insignificant. In these subperiods, the EKC patterns were disrupted by data changes in two tails. In Germany, in P5–P7, P20, and P21, no cubic, quadratic, or linear relationships were apparent between CO2 emissions and income, possibly because Germany was subject to economic instability caused by war during 1955–1956; the financial burden of this instability led to a temporary break in the relationship pattern between CO2 emissions and income. The estimated results from Italy revealed N-shaped and linear relationships in P20 (1969–2009) and P21 (1970–2010), respectively. Italy exhibited a break in the EKC pattern due to the global financial crisis. In Japan, N-shaped relationships were observed in P20 and P21, indicating that Japan was affected by the financial crisis.



Except during P18–P20, the relationships increasingly exhibited inverted U-shaped EKCs in Taiwan. The values of the turning points for Taiwan in all subperiods were outside the sample range; that is, Taiwan did not reach a turning point in any subperiod.



In P15–P21, irregular changes in turning points suggested that the economy was vulnerable because of inherent features, namely limited resources and prevalence of manufacture-oriented industries. Because of economic rigidity and vulnerability, CO2 emission reduction in Taiwan under the Kyoto Protocol has been limited despite the Taiwanese government’s devotion to reducing CO2 emissions.



During P18–P20, the relationships under recessions were N shaped in a vulnerable economy such as Taiwan, indicating that the decrease in CO2 emissions ceased when the 2008 financial crisis occurred. In India, the EKC patterns remained steady throughout all subperiods, implying that the financial crisis had a minor effect in this economy with a high proportion of domestic demand.



The present study indicated that the EKC relationships and occurring turning points of CO2 emission shifted to lower income over time before the global financial crisis. This assertions are consistent with previous studies [31,32,33,34]. However, this consistent assertion in the EKC literature was contradicted in its degree across countries during economic recessions. Although the global financial crisis had its effects in the world, the impacts vary across countries.





5. Discussion


Kyoto Protocol is an international project-based treaty that connects domestic policies with reduction of global warming. A reduced form EKC model is applied in this rolling regression study for the changes in the turning points of the five countries to examine the effects of the Kyoto Protocol over time. The practice of this study as compared with some key literature, the findings and the policy implementations are discussed as what follows.



5.1. Practices of this Study as Compared with Some Key Literature


In the present study, only the income variable was applied in the reduced form specifications used to determine the relationship between CO2 emissions and income. This is because income is typically among the most critical factors affecting policymaking in a country and is the most commonly used determinant of human-induced CO2 emissions. Moreover, the persistent importance of the income variables was proposed by Müller-Fürstenberger and Wagner [12] and Vollebergh et al. [13], even though some literature [4,14,15,16] introduced the influence of energy mix, energy prices, and income inequity among countries on EKC study and made respective conclusions on the significances of these variables. Their research and the design was rigorous, however, the suggestions are only valid under the specific circumstance of their studies on a panel of countries of heterogeneity. In studies applying time series data over an extended period for heterogeneous countries with wide dispersion in terms of the scale of economy and its developmental stage, independent variables other than income typically do not exert a persistent influence, be it temporally or spatially. Therefore, few empirical studies on the EKC have described persistently influential variables other than income [12]. By employing this reduced-form specifications, researchers can simplify model specifications [13]. The practice of this study was to adopt reduced-form model specification to study the EKC patterns on individual single country and take into account the development diversity of the countries surveyed.



The EKC turning point is the peak of the per capita carbon dioxide emissions at the threshold income. The turning points is an important and viable reference for climate policy as it is estimated in individual single countries (such as the present study) or a panel group of homogeneous countries. The importance of time variation of CO2 study are supported by Ajmi et al. [41] and rolling for the corresponding occurrence income is critical for policy reference, especially as the 2018 COP 24 (the 24th conference of parties) of IPCC was held in Katowice, Poland to elaborate the thorny issues of the detailed implementation of the 2015 Paris Agreement [7,8]. Income disperses and reduction capability varies among the 196 participated countries. In common, they are highly willing to take carbon reduction actions but all extremely worry about their own substantially achievable targets. Policy implementation would be made based on the study results.



The present study chosen 21 windows to roll the regressions and each window has data subset comprised 41 annual data, and backward extended the study period to start from 1950 to take the announcement effects of the protocol into account, although the first commitment period started from 2008. Regarding the choosing of the length of the fixed window, a moderate time length is preferred. On the one hand, it cannot be too long. The longer the time length in a fixed-window, the fewer turning points were obtained to demonstrate the transitions of the emission trends. Hence, in order to allow demonstration of the time variation of turning points, the length should be not too long. On the other hand, it had to be long enough. Each single regression in the rolling technique is running on each fixed window by using corresponding observations in the sub-period. According to the technique of econometrics [59], a regression needs sufficient observation data to make sure of the consistency of the estimated parameters. To increase the number of observations in a single regression can sustain this statistical property. Additionally, the length should be long enough in order to avoid only covering the influence delivered from one single economic fluctuation.




5.2. Study Findings


According to the results in Table 3, Table 4, Table 5, Table 6 and Table 7, the estimated EKC rolling regressions revealed the following findings.



First, presence of the EKC trajectory was demonstrated by the consistently negative signs of the estimated parameters of quadratic income variables in rolling regressions. Second, upon comparing the maximum income value in each country with the corresponding occurring income of the turning points (Table 3, Table 4, Table 5, Table 6 and Table 7), the results revealed that turning points of EKCs were achieved in Germany, Italy, Japan, and India but not Taiwan. Third, the current study demonstrated decreasing trends in income at the turning points of the EKC in the estimated rolling data of three developed countries (Germany, Italy, and Japan) and one developing country (India; Figure 1). The Kyoto Protocol inspired this trend of reduction in CO2 emissions in these four countries. However, this decrease slowed as the treaty approached its deadline, and no such new commitments have taken effect thus far. Fourth, new industry-based economies such as Taiwan demonstrate a different trajectory. In Taiwan, CO2 emissions were strongly linked to the increase in income because Taiwan’s economy is highly reliant on export-oriented manufacture industries.



Fifth, it is worthwhile to note that there are notable announcement effects of the treaty, which are affirmed by the evidences that in the years before the treaty was implemented there was an eminent decrease in the estimated income of the turning points. If the income growth sustained, the turning points occurred earlier. The results are consistent with the studies of the government policies [43,44]. Sixth, this study noted that all five countries initially strove to reduce CO2 emissions during the early period of the treaty but gradually reduced or ceased their efforts as the global economy went into recession and the Kyoto Protocol deadline approached.



The first and second findings confirmed that the decrease in the EKC slope occurred not only after but also before the Kyoto Protocol was enforced by domestic economic policy changes and legislation. This is consistent with the results of Chen [26] and Stefanski [23], that countries aiming to reduce CO2 emissions and increase income levels have been continuously working towards technological progress to improve energy efficiency which can lower costs and increase economic returns. That is there are long-term common EKC patterns, which is again affirmed by the present study, as well as the studies of Chen [26] and Stefanski [25] for the per capita CO2 emissions. This study included the two pieces of literature—Stefanski [23], and Chen [24], due to their insight findings to the common EKC patterns which were observed by Chen (2017) for per capita CO2 emissions in the 21 states in the European Union and over the countries in the world.



These two studies and the present study have indicated that it will have an effect as incentives were applied towards reducing carbon emissions in the respects of energy cost. Global warming is generally attributed to externality. For example, Shafik and Bandopadhyay [27] demonstrated how the externality of climate change had been induced from accumulated atmospheric concentrations of CO2 emitted from human activity. This is a classic free-rider problem related to CO2 emissions; no major local costs are associated with the externality of carbon emissions, and all costs in terms of climate change are borne by the rest of the world. They had expressed their concerns regarding the absence of an automatic decrease in incentives embedded in the economy. However, externality induces only the toothless and ineffectual policy in a market-oriented economy and makes us face, as human beings, our own imminent doom. On the contrary, according to the evidences affirmed the EKC patterns found in the present study, together with Chen [26] and Stefanski [25], fossil fuel energy cost embedded in the economy should be taken into consideration, and self-driven incentives of the energy cost in an economy would automatically lead us to a good future. Especially, there are associated incentives continuously led the economy to lower energy cost, conserve energy, improve energy efficiency, progress the technology, and transform to low carbon energy-mix and low carbon economy development.



Although India is a developing country and not bound by the Kyoto Protocol, India’s turning points on the EKC reduced over time, suggesting that (1) developing countries do not always exhibit increasing trends in CO2 emissions, and (2) an economy relying little on carbon-intensive industries can lower its CO2 emissions. Rather than economic development stages (which are frequently mentioned in disputes over amendments after enactment of the Kyoto Protocol), green economy and low-carbon development should be the focus of carbon reduction policies.



The CO2 emission results in Italy indicated that emissions tend to be high in economies dominated by heavy industry. Persistent consumption of fossil fuels enabled early reduction in the turning points of Italy’s EKCs in response to the Kyoto Protocol. Kyoto commitment had reduced the competitiveness of many Kyoto countries and their exports as indicated by Aichele and Felbermayr [37]. It is also induced under large cost adjusting to the austerity policies imposed by the European Union during its economic recessions.



India was the only examined country that relied on industries with low carbon emissions; this enabled it to reduce its CO2 emissions. Therefore, how an economy adapts to reduce CO2 emissions rather than its level of economic development or income predominantly affects emission reduction. Moreover, the results of Germany and Japan implied that per capita CO2 emissions can be reduced through prudent implementation of policies in industrialized countries, even if the total CO2 emissions remain higher than those in other countries.



The CO2 emission results in Taiwan suggested that emissions are strongly associated with increases in income and economic development, both of which rely on export-oriented manufacturing. However, irregular turning point changes in recent subperiods, namely P15–P21, indicated that Taiwan’s economy is vulnerable to the global financial crises.



The transition to higher income of the EKC turning points in Italy, Japan, India, and Taiwan indicated a transformation in the reduction trend of CO2 emissions during the global financial crisis; this is because financial stabilization became the focus over desires to reduce CO2 emissions. Recovering from the recession became the main priority of many countries, and this hindered efforts to further reduce CO2 emissions. Restructuring economies to function with low CO2 emissions reduces risk and damage at both the ends of income increase and CO2 emission reduction as recession continues to occur. A low-carbon economy involves the pursuit of a long-term vision where income is earned from activities that emit less carbon. Under an economic structure with a low-carbon economy, pursuing income does not hinder reduction of CO2 emissions.



During the global financial crisis, the Italian government experienced financial problems and struggled to continue its CO2 emission reduction policies. In Italy, CO2 emission levels are predicted to remain high because heavy industries dominate Italy’s economy. High fossil fuel-consuming and high CO2-emitting industries are predominant in Italy.



CO2 emissions in Japan, which also suffered during the global financial crisis, increased. Only Germany continued to reduce CO2 emissions, despite the recession. However, in the later years of the recession, the turning points of Germany shifted slightly downward, whereas those of Japan, Italy, and India increased. Recession became an obstacle to reduction of CO2 emissions.





6. Conclusions


CO2 emissions—a primary factor of global climate change—mainly originate from fossil fuel combustion. The roles and responsibilities of Kyoto Protocol-bound countries are increasingly debated as further amendments to the protocol are proposed. We investigated time-related changes in CO2 emission patterns in Germany, Italy, Japan, India, and Taiwan through rolling regression by using turning points on EKCs as indicators. The needs of rolling with a time window to investigate the time trajectory of the turning points in present study had been supports by Ajmi et al. [41].



Regardless of whether countries were bound by the Kyoto Protocol, decreasing trends were observed. In addition to obligating countries to reduce CO2 emissions, the Kyoto Protocol has led, advocated, and controlled the reduction of CO2 emissions. However, the period of the first Kyoto Protocol has now ended, and a related amendment is pending. The 24th conference of parties of IPCC was taken place to deal with the implementation of the 2015 Paris Agreement.



Before the signing and ratification of the Kyoto Protocol, Germany and Japan reduced their CO2 emissions and continued to reduce them in a downward trend at turning points on the rolling EKCs. Before they took effect, the anticipated international policies of the Kyoto Protocol exerted their influence [42], with their announcement effects. Committed countries such as Germany and Japan responded in advance by implementing necessary policy changes.



Prudent design and implementation of CO2 reduction policies and low-carbon development can reduce CO2 emissions. Among the five studied countries, only Germany maintained a downward trend in the occurring income of the EKC turning points during the financial crisis. In India, low-carbon economic development has enabled the country to follow EKC patterns and exhibit decreasing trends in the income of the EKC turning points. India is an economy composed of industries with low carbon emissions (e.g., agriculture and computer software design). The empirical evidence confirmed that the structure—rather than the development stage and income—of a country dominates its carbon emissions.



Italy demonstrated a short-term downward trend after ratification of the Kyoto Protocol; however, CO2 reduction ceased during the global financial crisis because of high emission demands for its heavy industries. In Taiwan, the predominance of export-oriented manufacturing industries caused a sharp increase in CO2 emissions following economic development. During the global financial crisis, Taiwan’s vulnerable economy required stable income and increased per capita CO2 emissions. The results of the present study suggested that rather than focusing on the stage of economic development, countries should restructure their economies to enable them to reduce their carbon dependency. Prudent reduction policies and low-carbon development can effectively reduce CO2 emissions.



Thus, the Kyoto Protocol can promote reduction of CO2 emissions in Annex I countries.



Limitations of the present study and recommendations for the future study are made here. First, we selected only data from 1950–2010, and thus we were unable to investigate the effects of reduction in CO2 emissions after the first commitment period had ended. Second, some countries participated in the Kyoto Protocol’s first commitment period but did not adopt new targets in the subsequent period. Whether such countries exhibited unconducive trends in reduction of CO2 emissions remains unclear. These topics warrant additional research. Third, in this study, we investigated trends in CO2 emissions by observing the EKCs of five countries and by rolling data forward to alter the turning points. This study evaluated the overall effects of Kyoto Protocol-related policies in five countries with differential responsibilities throughout the study period. Distinguishing individual effects from a single policy was not in the scope of this study. Fourth, Lantz and Feng [60] suggested that total or per capita data analysis can lead to variations in turning points and the results can change according to the estimation method used. The results and inferences of this study were based on per capita CO2 emissions and per capita income and the model specification adopted in this study.



It is worthwhile to note the argument about statistical significance of the turning points. By including energy mix and other variables in the study on OECD countries, Richmond and Kaufmann [14] had found statistical support for a turning point would be eliminated and suggested invalidity of applying turning points to be an accurate policy reference. As reviewed in the section of literature, the argument for the statistical support of the EKC turning points is valid only for a panel study on countries with heterogeneity in their economic structure, energy mix, climate policy, like the empirical study provided by Richmond and Kaufmann [14,15]. In the studies on a group of the homogeneity countries and/or on single countries, EKC turning points seems good to indicate the time transitions of CO2 emissions. However, thorough justification is suggested to be left to econometrists in their future study.



Fifth, regarding the time length of the fixed-window in a rolling regression analysis, there is no clear selection rule for (the observation number of the sub-period) in the textbook of a rolling regression wrote by Zivot and Wang [17]. Relevant literature [17,18,19] had indicated that the stability of a model or the economic structure revealed through data is typically evaluated using the model’s predictive ability. Recent econometric research [61] had proposed the criterion in selection of rolling window based on predicted ability. However, this study did not adopt this criterion and future research in the related issues can further consider the criterion.
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Figure 1. Transition of environmental Kuznets curve (EKC) turning points for the five single parties. (Annual GDP per capita measured in USD. The scales in vertical axis are different). 
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Table 1. Statistics of Kwiatkowski–Phillips–Schmidt–Shin (KPSS) test for stationary.
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	H0: Stationary Critical Value (α = 0.01) 0.4630
	
	
	





	Parties
	lnCO2
	lnY
	(lnY)2



	Germany
	0.4907
	0.8707
	0.8771



	Italy
	0.7762
	0.9273
	0.9333



	Japan
	0.7660
	0.8993
	0.9097



	India
	0.9817
	0.9338
	0.9240



	Taiwan
	0.9651
	0.9734
	0.9738







Note: Each series is evidenced non-stationary at 1% significant level.
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