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The current empirical literature ignores the possible influence of oil prices on environmental degradation through fiscal policy instruments. Contributing to the literature, this study explores the influence of oil price on the environmental degradation in Turkey through fiscal policy instruments, using a novel methodology of the bootstrap ARDL approach. The FMOLS, CCR, DOLS, and ARDL models are used to examine the long-run linkage among the tested variables. The findings from estimating models demonstrated that government expenditures positively affected environmental degradation in Turkey. In contrast, the taxation revenues negatively affected the environmental degradation. Furthermore, the empirical outcomes affirm that oil prices have a powerful effect on the levels of Turkey’s environmental pollution through taxation revenues, energy, and GDP factors. Therefore, the study suggests that the Turkish policymakers should design policies to avoid any undesirable impacts of the spillover effects of the oil price on the environment using fiscal policy channels. In this sense, the government in Turkey should design a framework that includes financial incentives such as low taxation rates on green energy investment. In addition, the policy markets in Turkey should start to use the carbon tax policy, which is one of the most efficient tools to reduce environmental pollution.
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INTRODUCTION
In recent years, there have been a growing number of empirical studies on the environmental Kuznets curve hypothesis (EKC-H). According to the EKC-H, environmental quality deteriorates by increasing [image: image] emissions at the first stage of economic growth. But after a specific period, an increase in economic development would result in decreases in the level of [image: image] emissions. The logic of the EKC is based on the fact that environmental pollution increases rapidly during the first stage of the economic development process because a high emphasis is placed on the increasing material output, and the economy is more concerned with generating income than maintaining and reducing the environmental pollution. Since the pioneering work of Grossman Gene and Krueger (1993), numerous empirical studies have tested the validity of the EKC using a variety of environmental metrics. For instance, Qashou et al. (2022); Anwar et al., (2022); Ali et al., (2022); Minlah and Zhang, (2021); Altarhouni et al., (2021); Abumunshar et al., (2020); Leal and Marques, (2020); Shahbaz and Sinha, (2019); Nathaniel et al., (2019) tested the ECK in different selected countries. Using different methods, the findings confirmed that the ECK is accepted in the tested countries. In this context, the study aims to retest the ECK in Turkey using the bootstrap ARDL testing approach. The current research is different from the current empirical studies in two ways. First, several studies explore the impact of the oil price on environmental degradation (see, e.g., Mensah et al., 2019; Malik et al., 2020; Li et al., 2020; Suleiman et al., 2020; Ghazouani, 2021). In the existing empirical studies, the possible influence of the oil price on environmental degradation through fiscal policy channels has been ignored. Hence, the study aims to present a new perspective to the literature by exploring the effect of oil price on the level of carbon through the fiscal policy channel. Second, the current research uses a novel co-integration technique of ARDL, as presented by McNown et al. (2018), to examine the tested variables.
According to recent empirical studies, oil price volatility significantly impacts several economic factors (see, e.g., Mahmood and Murshed, 2021; Su et al., 2021; Xia et al., 2022). The significant impact of the oil price on economic factors can be explained by some factors such as petroleum-exporting economics vs. petroleum-importing economics. In petroleum-importing economics, an oil price negatively affects the real-actual income. In this context, if oil prices increase, inflation rates will increase, leading to an increase in the rate of interest and taxation rates. Hence, any increase in interest rates and tax rates will lead to an increase in the cost of finance sources. Subsequently, it will lead to a decline in the total of new investments and energy consumption levels. However, the main objective of this research is to test the influence of the oil price on the level of carbon emission through the fiscal policy channels.
The fiscal policy is one of the main significant instruments for any government to regulate and improve the economy. In this context, the government’s expenditures on goods and services and tax revenues can be defined as the main significant fiscal policy instruments. However, fiscal instruments play a significant role in achieving main macroeconomic goals such as economic development, a stable external balance, and price stability (Katircioglou and Katircioglou 2018). There are two types of fiscal policies: the tight fiscal policy and expansionary fiscal policy. The tight fiscal policy can be used in economic prosperity times. For instance, during economic prosperity, the inflation rates can often jump to high rates. To reduce the inflation rates, the government’s policymakers may use the tight fiscal policy to reduce the money supply and aggregate demand, which in turn leads to a decline in the output and price levels (Rafique et al., 2021). However, the tight fiscal policy works by increasing the tax rates and/or decreasing government expenditures, while the expansionary fiscal policy involves tax rate cuts and increases government expenditures on projects, which leads to an increase in the money supply to the markets. Hence, any change in the fiscal policy has a powerful influence on the economic performance. Subsequently, it will affect energy consumption, which in turn may affect environmental degradation.
In the current literature, limited studies tested the impact of the fiscal policy on the level of carbon emissions. (See. Frederik and Lundström, 2001; He et al., 2019; Katircioglou and Katircioglou 2018; Shahzad et al., 2022). However, the study suggests that fiscal policies may affect the level of environmental degradation from two angles. First, the policymakers can use fiscal policy instruments to mitigate carbon emissions by using carbon taxes. However, the carbon tax is one of the sufficient instruments to reduce carbon emissions, which provides an incentive tool for markets to use more environmental friendly production processes. Subsequently, this process will lead to reducing the carbon emission levels. Second, the policymakers can use fiscal policy instruments to mitigate carbon emissions by supporting green energy projects. For instance, reducing the tax rates on green energy investment, which in turn leads to a decrease in the [image: image] emissions.
Turkey is a developing economy; it represents an important investigation topic for exploring the interaction among the prices of oil, consumption of energy, GDP, fiscal policy, and [image: image] emissions, which targets to be among the top-10 economies globally in terms of economic growth rates. Turkey made efforts to boost its economic growth, FDI, and trade. In this line, GDP/per-capita increased from 4,980 USD in 1980 to 13,300 USD in 2014. Total exports rose from 5 billion United States dollars (USD) in 1980 to 256 billion USD in 2014. The total foreign investment reached around 127 billion USD from 2002 to 2014.
Although Turkey has faced some crises, such as the 2001 crisis, the Turkish banking sector experienced a positive development from 2002 to 2015; for example, the credits provided by the banking sector to the private sector reached around 50% of GDP. On the other hand, Turkey, as an emerging economy, is still not a forerunner in international policies and makes efforts to tackle the challenges of climate change (Altarhouni et al., 2021). The changes in the amount of energy consumption followed an interesting path over the last few years in Turkey. Figure 1 shows that Turkey’s renewable energy consumption was 14% of the total energy consumption in 2014. In contrast, Turkey’s nonrenewable energy consumption represented more than 86% of the total energy consumption in 2014. However, Turkey is an energy-importing country; more than 50% of the energy needed is imported from other countries. Turkey mainly imports oil from Russia, Iraq, Kazakhstan, and India. Hence, as a strong petroleum-importing economy, Turkey is directly affected by any significant change in oil prices. However, the prime objective of the present research study is to explore the influence of oil prices on the level of carbon emissions through fiscal policy, energy, and economic growth.
[image: Figure 1]FIGURE 1 | Share of renewable energy supply from the total energy consumption in Turkey in 2014: Source: International renewable energy agency
The research structure is organized as follows: the second section introduces the review of empirical literature; the third section introduces data, models, and methodology; the fourth and fifth sections show the empirical findings and the conclusion, respectively.
LITERATURE REVIEW
Economic Growth and Carbon Emissions
Numerous empirical studies have tested the validity of the EKC using a variety of environmental metrics. For instance, (Anwar et al., 2022; Ali et al., 2022; Minlah and Zhang,2021; Altarhouni et al., 2021; Abumunshar et al., 2020; Leal and Marques, 2020; Shahbaz and Sinha, 2019; Nathaniel et al., 2019). Leal and Marques (2020) affirmed that the EKC is valid in 2020 OECD countries. Altıntaş and Kassouri (2020) tested the EKC in 14 European countries. The empirical outcomes affirmed that the EKC was accepted in 14 EU countries for the 1990–2014 period. Minlah and Zhang (2021) investigated the EKC in Ghana over the examined period from 1960 to 2014. The empirical outcomes revealed that the EKC is valid for the tested period. Similarly, Altarhouni et al. (2021) confirmed that the EKC was valid in Turkey from 1981 to 2016. However, these studies affirmed that an increase in economic growth levels would increase the level of [image: image] emissions. But after a specific period, an increase in the economic development would result in decreases in the level of [image: image] emissions. In contrast, Jobert and Karanfil (2007) used the Granger causality test, and Ocal and Aslan (2013) used the ARDL test. The authors found no association between GDP and levels of environmental pollution in Turkey for 1960–2003 and 1990–2010 periods, respectively.
Energy Consumption and Carbon Emissions
In the current empirical literature, various studies investigated the link between renewable energy and nonrenewable energy consumption and the level of [image: image] emissions. Dogan and Ozturk (2017) checked the link between energy consumption and the United States [image: image] emissions over the tested period from 1960 to 2010. Using the ARDL testing model, the findings confirmed that the use of nonrenewable energy consumption (NREC) has a positive impact on [image: image] emissions. Koengkan et al. (2020) tested the linkage among NREC and levels of [image: image] emissions in five selected countries over the examined period 1980–2014. By utilizing a panel VAR testing model, the outcomes showed that there is a positive linkage between NREC and [image: image] emissions. Pao et al. (2011) analyzed the causal connection between NREC and [image: image] emissions in Russia. The findings showed that there is a causal relationship between NREC and [image: image] emissions over the period from 1992 to 2007. In Turkey, Altarhouni et al. (2021) used the ARDL model and showed that NREC affected the level of carbon emissions over the period from 1980 to 2014. Alola and Donve, (2021) affirmed that NREC positively influenced carbon emission in Turkey over the period from 1965 to 2014.
On the other hand, several empirical studies tested the impact of REC on environmental pollution (Fatima et al., 2020; Wang et al., 2021; Paramati et al., 2022). In this sense, Shafiei and Salim (2014) tested the association between REC and environmental pollution in different selected OECD countries from 1980 to 2011. The findings found an inverse linkage between REC and environmental pollution using the AMG panel data testing model. Bilgili et al. (2016) analyzed the influence of REC on [image: image] emissions in 17 countries for the 1980–2011 period; the findings found the REC has an inverse impact on [image: image] emissions in 17 selected countries over the investigated period. Chen and Geng (2017) tested the influence of REC on carbon emissions for 30 OECD countries over the period from 1980 to 2011 (query). The outcomes showed a negative linkage between REC and carbon emissions. Namahoro et al. (2021) analyzed the impact of REC on [image: image] emissions in East African countries over the period from 1980 to 2016. The results revealed that REC negatively affects [image: image] emissions in East African countries. In Turkey, Magazzino (2016) tested the linkage among REC and [image: image] emissions over the tested period from 1992 to 2013. Using the panel VAR model, the outcomes affirmed that REC affects carbon emissions negatively. Abumunshar et al. (2019) employed the ARDL model over the tested period from 1980 to 2014 and suggested that REC has an inverse relation with carbon emissions.
Fiscal Policy and [image: image] Emissions
Enormous empirical studies have explored the interaction between macroeconomic variables and carbon emissions, whereas the studies that tested the impact of the fiscal policy on carbon emissions are limited. Frederik and Lundström (2001) used the fixed-effect testing model and tested the influence of the government size on [image: image] emissions in 77 selected countries. The findings showed that there is an inverse interaction amongst the government size on [image: image] emissions over the period 1977–1996. Bernauer and Koubi (2006) used the OLS testing model and tested the influence of the government size on [image: image] emissions in 42 selected countries over the period 1971–1996. The findings revealed that there is a positive interaction amongst the government size and [image: image] emissions over the period 1971–2001. Adewuyi (2016) used the GMM testing model and tested the influence of government expenditures on [image: image] emissions in different selected countries over the period 1990–2015. The findings revealed that there is a positive and significant interaction amongst government expenditures and [image: image] emissions over the investigated period. Yuelan et al. (2019) utilized ARDL bound model and tested the influence of taxation revenues on [image: image] emissions in China, over the period 1980–2019. The findings revealed that there is a positive and significant interaction between taxation revenues, and emissions over the investigated period, whereas some studies demonstrated that there is no significant link between the government size, taxation revenues, and [image: image] emissions. For instance, Halkos and Paizanos (2013) used the fixed-effect testing model and tested the influence of government expenditures and taxation revenues on [image: image] emissions in 42 selected countries, over the period 1980–2000. The findings indicated that there is no significant interaction amongst the government size and [image: image] emissions. In Turkey, Katircioglou and Katircioglou (2018) used the ARDL-bound testing model and tested the influence of government expenditures and taxation revenues on [image: image] emissions in Turkey, over the period 1960–2013. The findings indicated that there is an inverse and significant interaction amongst taxation revenues and [image: image] emissions over the investigated period, while some empirical studies tested the impact of carbon taxation on the levels of environmental degradation: For instance, Ghazouani et al. (2020) explored the influence of the carbon tax on [image: image] emissions in eight selected countries. The findings showed a positive impact of the carbon tax on carbon emission deduction. Wolde-Rufael and Mulat-Weldemeskel (2021) tested the influence of the environmental tax on [image: image] emissions in seven emerging economies for the period 1994–2015. Using the augmented mean group (AMG), the findings indicated that the total environmental tax was negatively and significantly linked to [image: image] emissions.
Oil Price and [image: image] Emissions
The empirical studies that explored the impact of oil prices on environmental degradation levels are varied. In this context, Wong et al. ( 2013) tested the impact of oil prices on environmental degradation from 1980 to 2010. The outcomes showed that the oil price harms carbon emission levels for selective OECD economies. Mensah et al. (2019) used the panel ARDL method and indicated that the oil price harms environmental pollution levels. Malik et al. (2020) tested Pakistan’s oil price and the environmental pollution link. Using the ARDL testing model, the outcomes indicated that the oil price negatively influences environmental degradation. Zhao et al. (2021) explores the impact of oil price fluctuations on the levels of environmental degradation. Applying the ARDL method, the outcomes illustrated that the oil price increases environmental pollution in Pakistan in the short run. At the same time, they were decreasing environmental pollution in the long run. Li et al. (2020) investigated the impact of energy prices on China’s environmental degradation. Using the STIRPAT model, the outcomes illustrated that the oil price adversely influences China’s environmental degradation. Haque (2020) tested crude oil on carbon dioxide emissions. The results indicated that the oil price negatively affected carbon emission in Gulf Cooperation Council countries over the 1985–2014 period. Abumunshar et al. (2020) approved that oil prices negatively affected the levels of carbon emissions. In the causal connection between oil price and [image: image] emissions, Li et al. (2019) and Suleiman et al. (2020) affirmed a causal association among the oil price, NREC, and emissions levels in China and Tunisia, respectively. On the other hand, some studies illustrated that there is a positive connection between oil price and [image: image] emissions. Apergis and Payne, (2015) affirmed a positive connection between the oil price and environmental degradation levels in 11 selected countries for the 1980–2010 period. Nwani (2017) affirmed that oil prices positively affected the levels of carbon emissions in Ecuador. Ghazouani (2021) affirmed a significant increase in the oil price positively affect the levels of [image: image] emissions in Tunisia.
DATA, MODEL, AND METHODOLOGY
Data and Model
The conventional EKC model is employed to examine the linkage between economic growth (GDP) and the level of [image: image] emissions. The linkage amongst GDP and the level of [image: image] emissions are presented as an inverted [image: image] shaped linkage (Ocal and Aslan 2013; Abumunshar et al., 2020; Altıntaş and Kassouri, 2020; Altarhouni et al., 2021; Minlah and Zhang, 2021). Hence, the factors of GDP and GDP quadratic are the prime determinants of [image: image] levels. Thus, the EKC model is formulated as follows:
[image: image]
where [image: image] is the level of carbon emissions, GDP is the economic growth, and GDP2 is the quadratic in Turkey. The present study is different from the previous studies by testing the impact of oil prices, taxation revenues, governmental expenditures, REC, and NREC on Turkey’s levels of carbon emissions, using the newly developed ARDL model, as presented by McNown et al. (2018). Hence, the selected model of this research is presented as follows:
[image: image]
where [image: image] [image: image] is the logarithm of the levels of carbon emissions in kilotons, [image: image] is brent crude oil prices (Abumunshar et al., 2020), [image: image] is governmental expenditures as (% of GDP) (Katircioglu and Katircioglu, 2018), [image: image] is tax revenues (% of GDP), [image: image] is a percent of renewable energy in Turkey from the total energy consumption (Abumunshar et al., 2020), [image: image] is the total nonrenewable energy consumption in Turkey (natural coal, oil, and gas), [image: image] is the constant 2010 USD, and [image: image] is the GDP-square (Katircioglu and Katircioglu, 2018). The data of this study are collected from the World Bank. The data retrieved are yearly data, and it covers the period 1981–2015. Table 1 shows the specification and source of the variables of data. Figure 2 shows the plot of the selected series of the current study at the natural logarithm. The tested time-series plot shows some economic fluctuations in Turkey over the tested period, such as the 2001 crisis and 2008 crisis.
TABLE 1 | Variable specification and source of the data.
[image: Table 1][image: Figure 2]FIGURE 2 | Tested time series at the natural logarithm over the period from 1981 to 2015.
Methodology
The current study uses two unit-root tests with structural-break dates to explore the stationary level among the tested variables. The study uses the test by Zivot-Andrews, (2002) with one break date and the Perron and Vogelsang (1993) test with two break dates. To check the co-integration among the investigated variables, the study applies the B-ARDL testing technique. The new technique of the ARDL approach is preferred over other co-integration techniques due to its advantage in estimating while addressing the statistical issues of size weakness, which other co-integration tests failed to address. Moreover, the B-ARDL (McNown et al., 2018) technique is preferred over other co-integration tests due to the new approach, concerning the integration features of the tested order. Hence, the prime objective of this study is to present a new perspective by exploring the link among tested variables using the B-ARDL (McNown et al., 2018) technique. This test includes a t-test [image: image] or F-test [image: image] on the estimated coefficients of the independent variables. The [image: image] of the [image: image] test is σ1 =0. The [image: image] of the [image: image] test is [image: image] ≠ 0. On another hand, the [image: image] of the [image: image] test is [image: image] = [image: image] = [image: image] = [image: image] = [image: image] = [image: image] = 0. The [image: image] of the [image: image] test is [image: image]: [image: image] ≠ [image: image] ≠ [image: image] ≠ [image: image] ≠ [image: image] ≠ [image: image] ≠ [image: image] ≠ [image: image] ≠ 0.
The critical values of the new technique of the ARDL test are generated on the specific features of integration for each studied series. Subsequently, this procedure will eliminate unstable outcomes of the ARDL-bound testing model. The CV generation in the novel method of B-ARDL is based on bootstrap simulation; however, the updated method of ARDL aims to present better outcomes than other co-integrations techniques. For instance, the CV in the traditional ARDL test allows for (1) investigated variables to be endogenous (Samour et al., 2022), whereas the CV in the B-ARDL test allows for the endogeneity of all tested explanatory variables. Furthermore, the B-ARDL testing technique is more recommended for time-series models that include more than one explanatory tested variable (McNown et al., 2018).
The examined ARDL model ([image: image], [image: image], [image: image], and [image: image]) is formulated in the following equation:
[image: image]
where ∆ is the first difference operator, and [image: image], [image: image], [image: image], and [image: image] are the tested variables; K means the lag optimal, and [image: image] is the error term of the investigated model. The [image: image] [image: image] is formulated in Eq. 4:
[image: image]
where represents a change in [image: image], and [image: image]. The statistical significance of [image: image] with a negative [image: image] sign approves the adjustment velocity in the short and long levels.
To affirm the reliability of ARDL results and avoid functional form misspecification caused by the volatility of the series, diagnostic tests for the parameters are required. The study uses some diagnostic tests to check the stability of the models. In this regard, the study employed the normality test [image: image], the Breush-Pagan Godfrey test for heteroscedasticity [image: image], the ARCH test [image: image], LM [image: image], and Ramsey RESET test [image: image]. The normality test is utilized to affirm that the tested model is usually disrupted. Next, the heteroscedasticity test is utilised to affirm that there is no heteroscedasticity and to affirm the absence of autocorrelation in the tested model. Finally, the Ramsey test is utilized to affirm that the tested model is correct and stable.
Furthermore, the stability of the ARDL testing model can be checked by using the (CUSUM and CUSUM square) tests. To affirm the ARDL findings in the long run, the study uses the following estimating tests: the fully modified least squares (FM-OLS) regression, as introduced by Phillips and Hansen, (1990), canonical co-integrating regression (CCR.) as developed by Park (1992), co-integrating regression, and dynamic-OLS (DOLS), as developed by Stock and Watson (1993). These estimating tests use different corrective techniques except for the bias and non-centrality of the second-order. It is, therefore, imperative to apply these tests to affirm the long-run linkage among OP, GE, T, GDP, GD [image: image], NREC, REC, and [image: image] variables. All genetic projections will be corrected in the FM-OLS test, whereas the CCR testing model only corrects data and selects connections that represent the correct canonical class interaction. In contrast, D-OLS includes abbreviation parameters that correct non-systemic bias.
The causal linkage among [image: image], [image: image] is explored by applying the Granger causality testing approach within V-ECM. This testing model examines if there is co-integration amongst the selected variables. The main advantage of V-ECM lies in its strength in capturing both the short- and long-term equilibrium linkage amongst the tested variables. However, the Wald test is utilized to measure the causal link in the short run, whereas to examine the causal linkage among the tested variable of the current study, in the long run, the [image: image] of the [image: image] is utilized. The Granger causality technique approach includes ([image: image]) to determine and measure the deviations of the examined variables from the short-run to long-run equilibrium level; the error correction model is examined in Eqs 5–12:
[image: image]
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EMPIRICAL FINDINGS AND DISCUSSIONS
The outcomes of Perron–Vogelsang and Zivot–Andrews unit root tests are displayed in Table 2. The outcomes are revealed that all the explored variables are not integrated at the level while the findings showed that the variables of the tested model are stationary at the first-difference process. The outcomes show [image: image], [image: image], [image: image] , [image: image] , L [image: image], and [image: image] variables have I(1) integration order. Therefore, the tested model, as presented, is acceptable to test the level of co-integration. Furthermore, Table 3 shows some economic fluctuations in Turkey over the tested period, such as the 2001 crisis and 2008 crisis.
TABLE 2 | The outcomes of the Perron–Vogelsang unit roots test
[image: Table 2]TABLE 3 | The outcomes of Zivot/Andrews unit roots test.
[image: Table 3]The B-ARDL (McNown et al., 2018) co-integration test outcomes are displayed in Table 4. The outcomes of B-ARDL indicate that the values of F/Pesaran, T [image: image], and F [image: image] exceed the B-ARDL CV. The outcomes approve that the hypothesis (H0) of no co-integration at the 5% significance level is rejected because the estimated statistics values of F/Pesaran, T [image: image], and F [image: image] in the B-ARDL test of co-integration exceeded the 5% CV. Hence, B-ARDL (McNown et al., 2018) outcomes provided strong empirical evidence to confirm that the level of co-integration between studied variables is valid.
TABLE 4 | The results of the B-ARDL approach
[image: Table 4]The coefficients of tested variables are estimated using the following models: the ARDL, FM-OLS, D-OLS, and CCR models. The long-term coefficients from the ARDL testing model displayed in Table 5 and the long-run outcomes from the ARDL testing model illustrate that the coefficient of government expenditures is positively and significantly linked with carbon emissions. If the government expenditures increased 1%, [image: image] emissions will increase by 0.04%. In addition, the findings show that the coefficient of taxation revenues is negatively and significantly linked with the levels of [image: image] emissions. A 1% increase in taxation revenues decreases [image: image] emissions by 0.13%. On the other hand, the findings show that the coefficient of per capita GDP is positively and significantly linked to emission levels. A one percent increase in per capita GDP increases [image: image] emissions by 2.96%, while the coefficient of GDP2 is negatively and significantly linked with [image: image]. A 1% rise in per capita GDP2 decreases [image: image] emissions by 0.55%. Furthermore, the coefficient of NREC is positively and significantly linked with the levels of [image: image] emissions. A 1% increase in NREC/per capita raises [image: image] emissions by 0.88%, while the coefficient of REC is negatively and significantly linked with [image: image]. A 1% raise in REC decreases [image: image] emissions by 0.04%. Finally, the results show that the coefficient of the oil price is negatively and significantly linked with carbon [image: image] emissions. A 1% increase in the oil price decrease [image: image] emissions by 0.03%.
TABLE 5 | Long-run coefficients in ARDL testing model
[image: Table 5]The long-run results from FMOLS, CCR, and DOLS testing models are displayed in Table 6. The findings from FMOLS and CCR show that the coefficients of government expenditures are positively and significantly linked with carbon emissions. However, the coefficients from FMOLS and CCR models confirmed the ARDL findings in the long run and provided strong evidence that there is a positive linkage between government expenditures and Turkey’s [image: image] emissions. In addition, the findings from FMOLS, CCR, and DOLS testing models show that the coefficients of taxation revenues are negatively and significantly linked with the level of environmental degradation. However, the coefficients of taxation revenues in FMOLS, CCR, and DOLS models confirmed the ARDL testing results in the long run and provided strong evidence that there is a negative linkage between taxation revenues and Turkey’s [image: image] emissions. These results are in line with those of Katircioglu and Katircioglu (2018), who used the ARDL testing model and tested the influence of government expenditures and tax revenues on the level of environmental pollution in Turkey. The outcomes indicated that there is a negative and significant interaction amongst taxation revenues and [image: image] emissions over the investigated period.
TABLE 6 | FMOLS, DOLS, and CCR testing models
[image: Table 6]On the other hand, the findings of FMOLS, CCR, and DOLS testing models show that the coefficients of GDP are positively and significantly linked to emission levels, while the coefficients of GDP2 negatively and significantly linked with [image: image] emission. In this regard, the findings from ARDL, FMOLS, CCR, and DOLS testing models provide strong evidence that the coefficients of GDP are positive and those of GDP2 are negative. In this regard, the outcomes illustrate that the EKC is accepted in the case of Turkey. It means carbon emissions will increase in the first stage of economic growth. But after a specific period, an increase in the economic development would result in decreases in the level of [image: image] emissions. These outcomes align with those of Altarhouni et al. (2021), who affirmed that the ECK-H is valid in Turkey.
Furthermore, the coefficients of NREC from FMOLS, DOLS, and CCR are positively and significantly linked with the levels of emissions. These outcomes are in line with those of Alola and Donve, (2021), who affirmed that NREC positively influences carbon emission in Turkey over the period from 1965 to 2014, while the coefficients of REC in FMOLS and CCR are negatively and significantly linked with [image: image]. These outcomes are in line with those of Magazzino (2016) and Altarhouni et al. (2021), who affirmed that REC negatively affected the level of environmental pollution in Turkey. Finally, the outcomes illustrate that the coefficient of the oil price is negatively linked with [image: image] emissions. The findings from ARDL, FMOLS, CCR, and DOLS testing models provide strong evidence that the coefficients of the oil price negatively affected the level of environmental degradation in Turkey over the selected period. These outcomes are consistent with those of Abumunshar et al. (2020), who employed the ARDL testing approach and approved that oil price negatively affected the levels of carbon emissions in Turkey. The outcome of ECM is negative and significant (Table 7). This finding EMC is −0.90, which indicates that any deviation from the long-run equilibrium is adjusted and corrected by 90% each tested year. Figure 3 shows the linkage among the variables.
TABLE 7 | The results of the ARDL testing model in short-run.
[image: Table 7][image: Figure 3]FIGURE 3 | Shows the linkage among the variables.
Table 8 shows the outcomes of the diagnostic tests; the findings of the [image: image] demonstrate that the explored model of the current study has a normal distribution. In addition, the findings of the [image: image], [image: image], [image: image], and [image: image] affirm the absence of the auto-correlation in the explored model, and this model is correct and stable. Figure 4 shows the (CUSUM) and (CUSUM-Q) tests. The figure affirms that the tested model of this study is correct and stable.
TABLE 8 | The outcomes of Diagnostic tests
[image: Table 8][image: Figure 4]FIGURE 4 | Stability test using (CUSUM) and (CUSUMQ).
The values of [image: image] of the ECT show that the long-run causal linkage amongst test variables (OP, GE, T, GDP, GD [image: image], REC, NREC→ [image: image]) is valid. Besides, the findings show (F)statistics values (Table 9) confirm the causal link from the oil price, government expenditures, taxation revenues, economic growth, REC, and NREC to the levels of carbon emissions in Turkey (OP, GE, T, GDP, GD [image: image], REC, and NREC→ [image: image]). Moreover, there is a causal link between OP→T, GDP, and NREC. The empirical outcomes of this study affirm that oil prices have a significant impact on the levels of Turkey’s environmental pollution through taxation revenues, nonrenewable energy consumption, and GDP factors. However, despite that renewable energy resources have several advantages, such as zero carbon emissions, and they can be renewed; the level of NREC in Turkey has increased consistently over the last decades. In this sense, Turkey’s gas consumption has risen from less than one billion cubic feet in 1981 to around 1,600 billion cubic feet in 2015. The coal consumption rose from 20 million tons in 1981 to 86 million tons in 2015. The consumption of oil in Turkey has risen from around 314,000 (barrels per day) in 1981 to around 941,000 (barrels per day) in 2015. Turkey is one of the leading producers of construction materials, electronics, cars, electronics appliances, and other equipment in the world, which in turn led to increasing the levels of fossil fuels consumption. However, Turkey imports more than 50% of the energy needs from other countries. Hence, fluctuations in oil prices have a significant influence on economic performance. Subsequently, it will affect the levels of oil, gas, and coal energy consumption. Hence, the current research suggests that the oil price has a powerful influence on consumers’ ability. An increase in the oil price may postpone their equipment purchases that use (fossil fuel). Subsequently, it may lead to a decline in the demand level of equipment, capital goods, and consumer durables, leading to decreased real income and fossil fuel energy consumption.
TABLE 9 | Outcomes of Granger-causality approach
[image: Table 9]Moreover, a significant change in oil prices may affect consumer options by shifting their consumption from oil sources to renewable energy sources such as solar sources. Hence, the level of REC will increase, and consumption of oil, gas, and coal will decrease, which in turn will lead to a decrease in the levels of [image: image] emissions. As mentioned earlier, the study showed the oil price has a significant impact on [image: image] emissions through fiscal policy channels. In this context, the study suggests that the policymakers in Turkey should design policies to avert any undesirable effects of oil price volatilities on the environment using fiscal policy channels. In this sense, the government should design a framework that includes financial incentives such as low taxation rates. For instance, the tax rates on renewable energy investment should be reduced, which leads to a decrease in the level of environmental degradation.
CONCLUSION
The current study explores the influence of oil price, fiscal policy, REC, NREC, and GDP on the levels of Turkey’s carbon emissions over the investigated period 1981–2015. Several empirical studies have evaluated the impact of oil prices on the environmental quality. However, the possible influence of oil prices on carbon emissions through fiscal policy channels has been ignored. For this purpose, the study aims to present a new perspective to the literature by exploring the effect of oil price on the level of carbon through the fiscal policy channel. Furthermore, the current research uses a novel co-integration technique of ARDL, as presented by (McNown et al., 2018), to examine the tested variables. The new technique of the ARDL approach is preferred over other co-integration techniques due to its advantage in estimating while addressing the statistical issues of size weakness. The FMOLS, DOLS, CCR, and ARDL testing models are utilized to examine the long-run linkage among the selected variables.
The findings from estimating models demonstrated that government expenditures positively affected environmental degradation in Turkey. In contrast, the taxation revenues affected the environmental degradation negatively from 1981 to 2015. Moreover, the outcomes of this research from four estimating models show that the GDP coefficients are positive, and the coefficients of GDP square are negative. These outcomes approved that the EKC is accepted in Turkey. Moreover, the findings show that the coefficients of nonrenewable energy are positively and statistically significant in the estimating models, while the results confirm that increased renewable energy would result in the decreased levels of [image: image] emissions. Finally, the findings from estimating testing models provide strong evidence that the coefficients of the oil price negatively affected carbon emissions over the tested period. Over the recent decades, the levels of carbon emission in Turkey have increased significantly, placing Turkey among the top 20 highest GHG emitters globally. Moreover, it is noteworthy that Turkey is mindful that the rise in the number of global emissions of GHGs presents a danger to humanity’s future. On the other hand, Turkey imports more than 50% of the energy needed. In this context, the current study demonstrates a series of significant outcomes and policy implications. First, the main conclusion of this study is that oil prices have a powerful effect on the levels of environmental pollution through taxation revenues and nonrenewable energy consumption GDP factors. This conclusion can be explained that Turkey, as an oil imported economy, relies almost entirely on imports. Hence, any fluctuations in oil prices have a powerful influence on the economic performance in Turkey, which in turn affects the tax revenues and government expenditures. Subsequently, this change will affect the level of energy consumption and carbon emissions; it suggested that Turkey reduce the rate of oil imports by adding more green energy sources for the energy mix to avert any undesirable effect of oil prices on the environment. Second, the Turkish policymakers should design new policies to improve the environmental quality by increasing the energy efficiency and adding more clean energy sources to the energy formula.
These policies may improve the environmental quality in Turkey, but they will lead to limiting its dependency on foreign suppliers of fossil fuel energy. In addition, Turkey should design new green economics policies to limit the negative impact of income on the environmental quality. Third, the study shows that taxation revenues have a significant impact on improving the environmental quality. It is noteworthy that Turkey is mindful that the rise in the number of global emissions of GHGs presents a danger to humanity’s future and that this situation significantly affects developing countries. For different reasons, fiscal and other financial incentives may be appropriate and efficient tools, in particular, to promote the production and implementation of new technology and to encourage investments in green energy conservation. Such incentives, however, must be structured to mitigate carbon emissions. The carbon tax policy is one of the most efficient tools to reduce the level of [image: image] emissions but only if these tools are implemented in a growth-friendly manner. As an emerging economy, Turkey does not operate an emission trading system for carbon emissions and does not have carbon taxes. In this context, this study’s main significant recommendation is that Turkey uses the carbon tax policy to improve the environmental quality. Furthermore, Turkish policymakers should design policies to avoid any undesirable impacts of the spillover effects of the oil price on the environment using fiscal policy channels. For instance, promoting green investment by low tax rates. Future empirical studies should be devoted to investigating the long-term linkages between different sectors of the economy and environmental quality using different panel methods.
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