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This study investigates the dynamic impact of green energy investment and energy consumption on carbon emissions in China from 1995 to 2020. It employed the Bootstrap Autoregressive Distributed Lag method to examine the short and long-run relationship. The long-run findings indicate that green energy investment and renewable energy consumption decrease carbon emissions, whereas non-renewable energy consumption and economic growth increase carbon emissions in shorter and longer periods. The long-term reduction in carbon emissions may imply the transition toward carbon neutrality. However, the marginal contribution of renewable energy towards carbon neutrality is significantly higher than green energy investment due to investment lag effects. Moreover, the Error Correction Term (ECT) is significantly negative, authorizing the convergence towards steady-state equilibrium in case of any deviation with a 25% adjustment rate. The empirical results suggest that China should encourage green energy investment and increase the share of renewable energy sources to ensure carbon neutrality in the long run.
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1 INTRODUCTION
In the modern period, achieving economic growth with environmental sustainability is the goal of both developed and developing countries. However, stimulating economic growth leads to rapid productivity of goods and services, increasing energy demand. It implies that the energy sector is considered a backbone of an economy because it links with economic prosperity. Thus, in this regard, energy is divided into two kinds, the first is non-renewable, and the second is renewable energy. Non-renewable energy sources are limited in supply, and once they are used, they cannot be replaced. They include fossil fuels such as oil, coal, and natural gas and most developing countries depend on non-renewable energy sources for their energy requirements (Hanif et al., 2019). In comparison, renewable energy is a form of energy that can be used on a recurring basis and cannot be depleted. It is also called clean energy and includes different forms such as solar, wind, hydro, tidal and geothermal. However, many past studies found that using conventional energy degrades the environment (Chunyu et al., 2021; Fatima et al., 2021). In order to achieve rapid economic growth and compete in the foreign market with more productivity and low cost, developing countries frequently use non-renewable energy sources. Thus, due to easy availability and low cost, non-renewable energy contributes to economic development, but simultaneously increasing the trend of traditional energy has become a danger to the environment. Therefore, developing countries are encouraged to use renewable energy to meet their energy requirements in various sectors of the economy.
For sustainable development, renewable energy is considered the best strategy. The importance of efficient energy has gained the focus of scholars; therefore, prevailing studies explored the influence of renewable energy consumption on the environment. However, previous research studies explored that renewable energy positively relates to carbon neutrality (Sharif et al., 2020a; Shan et al., 2021). Renewable energy is also called green energy because it reduces energy consumption through energy efficiency. Moreover, it enhances economic growth as well as environmental quality. Thus, renewable energy consumption leads the economy to low carbon emissions. In comparison, a few studies highlight that renewable energy resources have an insignificant or negative impact on mitigating environmental pollution (Apergis et al., 2010; Marques and Fuinhas, 2012) because, in the early stages of development, the limited size of the economy has not increased renewable energy. In addition, the share of renewable energy in total energy is not much increased due to a lack of investment because renewable energy is more expensive than non-renewable energy, and there is a need for investing more in the promotion of renewable energy sources. Hence, the association between these two variables is still inconclusive (Sun et al., 2022b). Recently, the policymakers and government have given their attention to green energy investment to improve the quality of the environment. Green investment is a type of investment that improves production efficiency, saves the environment from hazards, and conserves energy (Shen et al., 2021). Thus, green investment is a broader term which does not limit to renewable energy, but it also incorporates multiple techniques such as water recycling, waste processing and recycling, carbon-capture technology, electric motor cars, green buildings, and energy-saving products (Razzaq et al., 2021a; Sun et al., 2022a).
There are two strands of literature about the nexus between green investment and the environment in the current literature. One group of studies has discussed the positive contribution of green energy investment in increasing the quality of the environment (Bekun et al., 2019; Xiong and Sun, 2022). Investing in green energy increases economic growth, ensures environmental sustainability through renewable energy consumption, and further leads to green technology through research and development. Therefore, investing in green projects and providing a sustainable environment is imperative to promoting green policies. The second group of studies stated that green energy investment has a negative or no influence on the environment (Nehler and Rasmussen, 2016; Stucki, 2019). Moreover, countries are often interested in profit and energy cost-saving benefits. They do not consider the non-energy and indirect gains from green investments, such as more productivity, fewer emissions, and better product quality. As a result, the advantages of green energy investment have decreased. Hence, the findings of studies related to green energy investment and the environment are inconclusive.
Although, former empirical studies have separately explored the relationship between energy consumption, green energy investment, and carbon neutrality (Sun and Razzaq, 2022). However, there is a dearth of empirical evidence that considers all these essential factors in a multivariate framework. In addition, few prior studies related to the nexus between green energy investment and environmental damage. The prevailing studies regarding the nexus between energy consumption and carbon emissions mainly consist of panel data analysis and less attention to the time series analysis. Thus, the present research study investigates the dynamic influence of green energy investment and energy consumption on carbon neutrality in China. The reason for the selection of China is that it contributes to 30% of total carbon emissions globally, making the country the world’s largest carbon emitter because it is highly dependent on coal for energy consumption. Further, China is the fastest-growing economy with a high population, and increasing energy demand cannot satisfy from use of coal; thus, it leads to environmental degradation. China has taken essential steps in this crucial situation, including transforming non-renewable energy into renewable energy (Park et al., 2017). However, the industrial sector is the main contributor to economic growth and CO2 emissions. Thus, China made a substantial green investment in 2017 in this sector, whose share is 0.106% of total investment to increase carbon neutrality (Chen et al., 2021).
The literature, as mentioned earlier, shows that relatively little attention has been given to the dynamic role of green energy investment and energy consumption on carbon neutrality. Thus, the current study contributes to the literature. The study’s objective is to examine the short and long-run dynamic relationship between green energy investment, energy consumption, and carbon emissions in China by using the monthly data from 1995 to 2020. In addition, Bootstrap Autoregressive Distributed Lag (BARDL) modeling is applied for an empirical estimation which is superior to the conventional ARDL approach in time series analysis because it addresses the issues of low power and small size of data. Thus, the bootstrap ARDL test provides consistent and robust outcomes in estimating the short and long-run relationship. Finally, we used the stability test on the model estimations to check the reliability of the results.
The rest of the paper is organized as follows: Section 2 describes the literature review, Section 3 represents data and methodology, Section 4 shows the empirical findings and discussion, and Section 5 indicates the conclusion and policy recommendations.
2 LITERATURE REVIEW
In this section, the literature review is divided into two dimensions. First shows the nexus between green energy investment and the environment. The second indicates the nexus between energy consumption and environmental degradation; however, this part divides energy consumption into two segments, i.e., renewable energy consumption and non-renewable energy consumption.
2.1 Green energy investment and environmental degradation
Green investment is defined as the investment that protects the environment from degradation and saves energy. However, various prior studies have examined the nexus between green technology and the environment, but the literature regarding green energy investment is not extensive. There are two schools of thought regarding the nexus between green energy investment and carbon neutrality.
One school of thought states that green energy investment substantially stimulates economic growth without damaging the environment (Sachs et al., 2019). Sachs et al. (2019) investigated the contribution of green investment and projects to achieve sustainable development goals (SDGs). Thus, green bonds, green funding, and carbon market instruments help promote sustainable growth and get SDGs. Saeed Meo and Karim (2022) examined the impact of natural resources rent, green investment, financial development, and energy use on pollution in 30 provinces of China from 1995 to 2017. The results confirmed the positive impact of green investment in reducing CO2 emissions while financial development, natural resources rent and energy consumption lead to air pollution. Lee and Min (2015) found the role of research and development (R&D) investment in green technology on environmental quality in Japan’s manufacturing firms from 2001 to 2010. The study explored the negative association between (R&D) expenditures with CO2 emissions. International Renewable Energy Agency determined the influential positive impact of green investment in controlling environmental pollution in 34 provinces of China from 2003 to 2017. Thus, green investment is essential for low carbon emissions in the environment. Wang et al. (2021) explored the link between renewable energy, green finance, and CO2 pollutants with other controlling variables in BRICS countries from 2000 to 2018. The results showed that green finance and renewable energy increase carbon neutrality while trade openness, economic growth, and foreign direct investment stimulate CO2 emissions. Therefore, green finance is the best policy for mitigating pollutant emissions in these countries.
In contrast, the other school argues that green energy investment increase carbon emissions (Nehler and Rasmussen, 2016; Stucki, 2019). Stucki (2019) explored the impact of energy investment at the firm level in Austria, Germany and Switzerland and found that if any country’s energy cost is low, corporations are unwilling to invest in green energy. They conclude that energy cost greatly impacts a firm’s decision to invest in green energy. Firms with higher energy costs invest more in green energy than firms with lower energy costs. Similarly (Nehler and Rasmussen, 2016) determined that Industrial enterprises prioritize profitability from green investments over energy cost savings and also observed that most green investment decisions do not consider advantages other than energy, such as increased productivity, reduced emissions, improved product quality, optimum material utilization, and lower repairing and cleaning costs, which, if considered, would enhance green investment. Therefore, the literature regarding green energy investment and environmental damage has mixed results.
2.2 Energy and environmental degradation
Many past studies have extensively discussed the influence of energy consumption on environmental pollution. However, literature regarding the nexus between energy usage and the environment disaggregated energy into non-renewable and renewable energy sources.
2.2.1 Non-renewable energy consumption and environment
Former studies argued that conventional energy consumption increases carbon emissions through the excessive use of fossil fuels in industrialization, urbanization, transportation, and other economic activities. Thus, a positive relationship exists between non-renewable energy consumption and environmental pollution (Khan et al., 2020; Chunyu et al., 2021). Saboori and Sulaiman (2013) empirically analyzed the influence of energy consumption on environmental pollution in Malaysia and found that high consumption of non-renewable energy sources leads to CO2 emissions. Similarly, Khan et al. (2019) explored the positive contribution of non-renewable energy consumption in deteriorating the environment in the case of Pakistan. Raza and Shah (2018) determined the effect of financial development, gross domestic product, and energy consumption on CO2 emissions in Pakistan from 1972 to 2014. The estimated results revealed that financial development, economic growth, and energy consumption significantly increase environmental degradation. Rehman and Rashid (2017) determined the role of energy usage on CO2 emissions in SAARC countries. The examined results indicated that energy consumption significantly contributes to environmental degradation. Hanif (2018) examined the positive effect of non-renewable energy consumption on CO2 emissions in 34 emerging economies from 1995 to 2015. Their findings suggest that using non-renewable energy sources mitigates the environmental pollution in these countries. Bhat (2018) found the relationship between energy consumption, economic growth, and CO2 emissions in BRICS countries from 1992 to 2016. The results revealed that traditional energy, economic growth, and population increase the environmental degradation in BRICS countries. Kim and Perron, 2009 analyzed the positive contribution of non-renewable energy towards economic development and carbon emissions in high emitting countries from 1980 to 2014. Leng Chunyu et al. (2021) examined the effect of energy consumption and financial development on CO2 emissions in European and Central Asian developing countries from 2010 to 2019. The results show that fossil fuel consumption enhances while renewable energy consumption decreases CO2 emissions. Financial development raises environmental deterioration in the short-run and reduces it in the long run in concerned countries.
2.2.2 Renewable energy consumption and environment
Renewable or efficient energy sources are alternatives to conventional energy sources that enhance the environmental quality and substantially increase economic growth through energy efficiency.
In the current literature, two strands of studies exist about the interdependence between renewable energy utilization and environmental sustainability. First-strand of studies has analyzed the positive linkage between renewable energy consumption and environmental degradation (Shan et al., 2021). Kalmaz and Kirikkaleli (2019) determined the influence of energy consumption, trade, GDP growth, and urbanization on CO2 emissions in Turkey from 1960 to 2015. The results highlight the long-run co-integration relationship among the variables, and trade, energy consumption, and economic growth increase CO2 emissions. Alharthi et al. (2021) analyzed the association between urbanization, economic growth, energy use, and CO2 emissions in the (MENA) countries from 1990 to 2015. The study found that renewable energy consumption decreases, and conventional energy usage increases CO2 emissions, respectively. Anwar et al. (2021) examined the role of clean and fossil fuel energy consumption on the CO2 emissions in ASEAN countries from 1990 to 2018. The results found the mitigating role of renewable energy sources in improving the quality of the environment in concerned countries. Sharif et al. (2020b) investigated the nexus between renewable energy consumption and environmental pollution in the top 10 carbon-emitting countries from 1990 to 2017. The findings show that renewable energy sources significantly reduce CO2 emissions in these countries, and bi-directional causality exists between these two variables.
However, the second strand of studies shows renewable energy consumption’s insignificant or inverse effect in decreasing CO2 emissions. Pata (2018) determined the relationship between clean energy usage, urbanization, financial development, and GDP on the environment in Turkey from 1974 to 2014. The estimated results show that urbanization, economic growth, and financial development raise the environmental damage while renewable energy consumption has no influential role in diminishing ecological degradation. Similarly, Apergis et al. (2010) examined the significant positive effect of renewable energy consumption on CO2 emissions in 19 developed and developing countries from 1984 to 2007. Therefore, ambiguity exists in the association between renewable energy use and pollution.
The above extensive literature review shows that many previous studies have separately examined the relationship between energy consumption and the environment, green investment, and environmental degradation. Therefore, less attention has been given to the literature about the dynamic influence of energy consumption and green energy investment on improving ecological pollution. Thus, the present study fills the literature gap by examining the dynamic effects of energy consumption and green energy investment on carbon neutrality for China in the short and long run.
3 DATA AND METHODOLOGY
3.1 Data sources and model specification
For empirical analysis, the study utilizes China’s monthly1 data from 1995 to 2020. The data include carbon emissions (CE) measured as consumption-based carbon emissions in metric tons per capita, green energy investment (GIE) is measured in a million USD investment in green energy supply, renewable energy consumption (REC) as % of total energy consumption, non-renewable energy consumption (NREC) measured as energy % produced from fossil fuels while economic growth (GDP) is in constant. Sun et al., 2022c the data of all variables are in different units; thus, we converted them into logarithm form to receive more efficient estimates by following (Razzaq et al., 2021b). The data for carbon emissions and non-renewable energy consumption is taken from the Statistical Bulletin of China; data for green energy investment is sourced from the International Renewable Energy Agency (IRENA), while economic growth and renewable energy consumption are sourced from.
The study has adopted the empirical model of Shan et al. (2021) to examine the dynamic role of green energy investment and energy consumption on carbon emissions in China. The model specification is defined as below:
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In the model equation, CE is the dependent variable, and GIE, REC, NREC, and GDP are independent variables. Moreover, coefficients are shown as from [image: image] to [image: image], [image: image] shows constant term, the error term is represented as ε, and t shows the time period (1, 2…., T).
3.2 Empirical techniques
In time series analysis, the stationary test is imperative before using the co-integration test. Thus, the current research has used both the ADF unit root and structural-based unit root tests to investigate the properties of time series data. However, past empirical studies have only applied the ADF unit root test, which is not suitable when structural breaks and their impact exist in the data. Therefore, the ZA unit root test permits the presence of structural breaks without showing the breakpoint time in time series data (Andrews and Eric, 2002).
After examining the stationary properties of the concerned variables, the study applied the bootstrap ARDL co-integration model to determine the co-integration relationship among the studied variables. The benefit of using the bootstrap ARDL method over the conventional ARDL approach is that it addresses the issues of low power and small size in the time series data. Moreover, this approach is based on a new co-integration test, thus enhancing the power of both the t-test and F-test. However, there are two conditions in the traditional ARDL test. The first condition is the significant coefficient of error correction term, and another requirement is the significant coefficients for lagged explanatory variables. In this technique, upper and lower bounds are necessary for the second condition but not required for the first condition (Pesaran et al., 2001). In addition, this method only considers those variables which are integrated with order one to examine the first condition (Goh et al., 2017). Hence, the conventional ARDL method has lacked in power and explanatory characteristics. Due to these issues, bootstrap ARDL modeling is more appropriate for time series analysis because of the inclusion of the F test on lagged coefficients of independent variables. Further, this approach incorporates the variables integrated of mixed order in the dynamic model. Therefore, the bootstrap ARDL method provides more consistent and robust results than the traditional ARDL approach (McNown et al., 2018).
Lastly, the stability test is applied in the study to examine the consistency and reliability of estimates. Generally, significant issues exist in time series data due to structural variations over time that cause inconsistent results.
4 EMPIRICAL FINDINGS AND DISCUSSION
4.1 Results of unit root test
In an empirical analysis of time series data, it is essential to investigate the order of integration in the study variables. The investigation of stationary properties assists further in selecting a proper co-integration method to determine the co-integration relationship among the variables. Therefore, the study uses both ADF unit root and structural break unit root tests to analyze the stationary level of variables. The estimated results of both ADF and Zivot unit root tests are presented in Table 1. The findings of the ADF test represent that all the variables in the model are stationary at the first difference. However, the results of ADF in the presence of structural breaks may provide misleading results. This issue is resolved by the structure-based unit root test. Thus, the Zivot unit root test results also confirm that all the concerned variables are integrated at first difference with structural breaks. It means that all the variables exist in long-run co-integration.
TABLE 1 | Results of Unit Root tests.
[image: Table 1]4.2 Results of bootstrap ARDL co-integration:
To determine the long-run co-integration between carbon emissions, green energy investment, and energy consumption, bootstrap ARDL testing is used in the study. Table 2 represents the findings of the bootstrap ARDL co-integration test. The t-test and F-test findings reject the null hypothesis of no co-integration, which means that all the variables are co-integrated in the long run. The optimal lag length selection is found using Akaike Information Criteria. Moreover, the explanatory power (R2) value is 64.8%, which confirms that all the regressor variables explain the dependent variable carbon emission. The value of JB also shows that the residuals are normally distributed in the model. In addition, there is no problem with serial correlation in the model.
TABLE 2 | BARDL cointegration analysis results.
[image: Table 2]4.3 Results of long run bootstrap ARDL
After finding the co-integration among the concerned variables, the study investigates the short and long-run results of the bootstrap ARDL approach. The long-run outcomes of the bootstrap ARDL method are presented in Table 3. In the findings, green energy investment has a significantly negative association with carbon emissions at a 5% significance level. It means that a 1% increase in green energy investment reduces carbon emissions by 8.5%. Thus, the findings are the same as the results of (Shahbaz et al., 2017) for 30 provinces of China. It means that green energy investment has played a vital role in reducing carbon emissions in China. In contrast, the findings are against Stucki (2019), who found that green energy investment increases CO2 emissions because the firms in China are incurring more energy costs in green investment; thus, they are reluctant toward green investment.
TABLE 3 | Results of BARDL (long run) co-integration analysis.
[image: Table 3]The association between renewable energy consumption and carbon emissions is significantly negative, showing that renewable energy sources are the best alternative for fulfilling energy requirements and helping to mitigate carbon emissions in China. Thus, a one percent increase in renewable energy decreases carbon emissions by 18.5%, keeping all other factors constant. The results are identical to Alharthi et al. (2021), in which clean energy usage is inversely associated with carbon emissions in MENA countries, while contrary to Pata (2018), in which renewable energy has no impact on CO2 emissions for Turkey.
In addition, the findings highlight that the coefficient of non-renewable energy consumption is 0.478, which is positive and significant. Thus, a one percent increase in non-renewable energy consumption leads to a 47.8 percent increase in carbon emissions. The estimated results indicated that China mainly uses coal as an energy source that contributes to carbon pollutants and ultimately damages the environment. These outcomes are similar to Leng Chunyu et al. (2021) for European and central Asian countries in which these countries excessively used fossil fuels for energy consumption and emitted more pollution.
Economic growth is positively related to carbon pollutants at a 1% significance level. It represents that a one percent rise in economic growth contributes to carbon emissions by 52%. Thus, the results are identical to the findings of Bhat (2018), which determined that BRICS countries polluted the environment to achieve fast economic growth. In the study, the Year 2009 has been taken as a dummy variable for empirical analysis in the bootstrap ARDL method because, after the Global Financial Crisis (2007–2008), the government of China announced a fiscal stimulus package to overcome the negative effects of Crisis. This has increased China’s economic growth enormously by 8.7% from 2009 onwards. Thus, after 2009 China is continuously on track with rapid economic growth. Therefore, the result shows that the coefficient of the dummy variable has a positive and significant influence on carbon emissions. The explanatory variable (R2) shows the model’s goodness, which shows the value of 64.8% total variation in carbon emissions. The statistic value of the Durbin Watson test shows no autocorrelation in the model.
4.4 Results of short-run bootstrap ARDL
Table 4 indicates the empirical findings of bootstrap ARDL in the short run. The study explored that green energy investment and renewable energy usage are negative and significant; thus, carbon emissions decline by 2.0% and 7.5%, respectively. The findings highlight the contribution of green energy investment and renewable energy sources in decreasing pollution that deteriorates the environment in China. Thus, investing more in green energy and shifting the energy resources from non-renewable to renewable help China towards better environmental quality. The results of non-renewable energy consumption and economic growth increase carbon emissions by 21.5% and 36.8%, respectively. It implies that China’s economic growth is mainly based on its industrial and energy sectors that use fossil fuels, and as a result, carbon emission has increased. The coefficient of error correction term (ECMt-1) is 0.253, which is statistically significant and negative. It shows that a 25.3% speed of adjustment will be required for the model to achieve equilibrium in the long run.
TABLE 4 | BARDL co-integration analysis estimations (short-run).
[image: Table 4]4.5 Results of stability test
After estimating the short and long-run results of the bootstrap ARDL model, the study applied the stability test to confirm the stability of the estimates because, in time series analysis, structural variation causes instability in the data. Therefore, it is crucial to check the consistency of the estimated model by applying a stability test. The results are highlighted in Table 5, which reveals that the model has no problems with serial correction, heteroscedasticity, model specification error, and data’s non-normality. Further, CUSUM and CUSUMsq confirm the stability of the coefficients in the long run.
TABLE 5 | Stability tests.
[image: Table 5]5 CONCLUSION AND POLICY IMPLICATIONS
China is the growing economy in the world and confronts the severe problems of environmental damage. It is imperative for China to achieve economic growth without emitting pollution. Thus, in this context, the study explores the dynamic effect of green energy investment and energy consumption on carbon emissions by applying the bootstrap ARDL approach. China’s monthly data is used from 1995 to 2020 in the study. The traditional ADF unit root test is used with a structural-based unit root test in the empirical estimations. Thus, both unit root tests confirm the stationary of variables at first difference. Then after determining the integration order of variables, the bootstrap ARDL co-integration testing is employed to check the long-run relationship among the study variables. The test findings revealed that carbon emissions, green energy investment, and energy consumption have a long-run co-integration relationship. The study then examined the long and short-run results through the bootstrap ARDL model. The long-run results of the bootstrap ARDL model represent that non-renewable energy consumption and economic growth enhance carbon emissions by 47.8% and 52%, respectively. Simultaneously, renewable energy consumption and green energy investment decline carbon emissions by 18.5% and 8.5%, respectively. The outcome of the dummy variable also positively increases carbon emissions for a longer period.
In the short run, the outcomes are similar to the long-run analysis. Thus, green energy investment and renewable energy reduce carbon emissions by 2.0% and 7.5%, respectively. At the same time, economic growth and non-renewable energy consumption positively increase carbon emissions by 36.8% and 21.5%, respectively. Therefore, the short and long-run results are the same, but the magnitude of long-run estimates is high compared to the short-run. Moreover, the error correction term is significantly negative and shows that 25.3% speed will require in the long-run equilibrium. Finally, the stability test shows that the estimated results are stable.
The outcomes of the study suggest the following recommendations:
(1) As a result of the positive contribution of green energy investment in improving environmental pollution thus, the policymakers of China should formulate restrictive green policies such as environmental taxes; this will encourage green growth and promote investment in green technology for achieving a sustainable and eco-friendly environment.
(2) The findings of renewable energy sources recommend that utilization of renewable energy minimizes air pollution levels. Policymakers should also encourage the share of renewable energy sources into total energy and increase energy innovation because clean or efficient energy consumption improves economic development and decreases carbon emissions. In addition, additional research and development funding should be allocated to renewable energy production.
(3) China is mainly based on coal for energy consumption. As a result of stronger economic growth, China’s energy requirements have increased, while the proportion of renewable energy in the energy mix has decreased. Thus, China should stimulate a reduction in the contribution of fossil fuels to total energy consumption; investments in clean energy sources are required mainly in the industrial and energy sectors.
(4) Moreover, additional energy from economic development must be converted into renewable energy sources, requiring a technical transformation that is an effective way to reduce carbon emissions in China. Developments in renewable infrastructure may be facilitated by economic advancement and income levels.
The study has a few limitations. First, it only captures China’s economy and cannot be generalized to other highly polluting economies. Future studies may explore the proposed association by comparing countries that are not included in the study, such as the United States, India, Japan, and European countries. Second, the other relevant and substantial variables, such as tourism, industrial structure, globalization, financial development, information and communication technology, and urbanization, can also be used. Similarly, the alternative proxies of disaggregated green energy investment may offer exciting results.
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FOOTNOTES
1We follow Shahbaz et al. (2020) to convert the annual data into monthly data by applying a quadratic match-sum approach. The advantage of using this method is that it excludes deviations in data and resolves the problem of seasonal variation (Sharif et al., 2019).
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