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The motivation of the study is to gauge the role of renewable energy consumption (REC), energy innovation (EI), and total trade (TR) on environmental sustainability (ES) in selected MENA (Middle East and North Africa) countries for the period 1980–2018 under the assumption of environmental Kuznets curve (EKC). The study implemented several econometrical tools, including structural break unit root test, Bayer–Hanck combined cointegration test, autoregressive distributed lag (ARDL), nonlinear ARDL, and Granger causality test under error correction term. Variables properties test detected that all the variables are stationary after the first difference but neither exposed to stationary after the second difference. The test statistics of the combined cointegration test documented a long-run association between ES, RE, EI, and TR, which is valid for both countries concerned. Regarding EKC concern, study findings with ARDL and nonlinear ARDL validated the EKC hypothesis for Tunisia and Morocco. Finally, the direction causality test documented unidirectional causality between renewable energy and ES, trade and ES, but the feedback hypothesis holds between EI and ES. We can advocate for specific sectoral environmental reforms in Tunisia and Morocco and suggest continuous environmentally friendly technologies by combining study findings. At the same time, subsidies on nonrenewable energy should be reduced, and green trade policies to help advance sustainable development should be implemented.
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INTRODUCTION
The interest in balancing economic growth and environmental degradation stems from the UN conferences in Stockholm, Sweden (1972), and Rio de Janeiro, Brazil (1992), both of which took place before the UN conference on climate change in Montreal, Canada. Many conference participants agreed that the human-perceived environmental issues are both a global problem and a mutual problem requiring international cooperation. Environmental degradation is a result of economically driven development that ignores environmental sustainability (ES) factors. These issues will harm future economic growth because of the finite carrying capacity of natural resources and the environment and the fact that they are being ignored (Nathaniel, 2021a).
The nexus between economic growth and carbon emission has been extensively discussed in the existing literature. Grossman and Krueger (1995) and Grossman and Helpman (1991) were the first to investigate such issues. They reported that economic progress leads to environmental degradation, followed by subsequent environmental improvement, later termed environmental Kuznets curve (EKC) (Panayotou, 1993). The EKC hypothesis considers the association between a deterioration in environmental quality and environmental pollution, especially in recent years. The economic–environmental connection is complicated and multidimensional. According to Everett (2010), economic development has three environmental impacts. First, economic development has a detrimental impact on the environment as increased output and consumption lead to increased environmental deterioration. Second, the transition from agriculture to industries that degrade the environment caused a change in the balance of producing manufactured products toward providing services. Third, the technical effect–technological advancements contribute to changes in the environmental impact of manufacturing, such as increases in energy efficiency.
Furthermore, Panayotou (1993) indicated that economic growth has three distinct effects over carbon emissions/environmental pollution: scale, technical and structural, and scale effects. The scale effects explain that given a certain level of technology, in order to achieve economic goals, energy consumption leads to higher emissions. The structural effect narrates that structural transformation during economic development affects environmental degradation as higher-polluting industries are replaced by low-polluting industries, reducing carbon emissions during the manufacturing process. Finally, the technical effects explain that despite achieving economic expansion, carbon emissions during manufacturing are reduced mainly due to technological innovation and progress. However, there is a higher focus on investigating the association between greenhouse gas emissions and cleaner energy sources. Bölük and Mert (2015) incorporated an empirical strategy to review the role of renewable energy (RE) while investigating the EKC hypothesis to conclude that environmental degradation has a significant correlation with economic and industrial policies, and clean energy sources are crucial to ensure environmental quality. Recent economic literature has further explored such associations to claim that carbon emissions are significantly lowered after introducing RE into the energy mix (Bashir et al., 2021a).
The novelty of this study lies in the following aspects. First, since its inception, the concept of EKC has been extensively considered and investigated with different macro aspects predominately preferred to carbon emission, energy consumption (Solarin et al., 2017), and environmental quality (Yu et al., 2019). The EKC hypothesis establishes that increasing wealth increases pollution in the early stages of economic growth until the connection between the two variables becomes negative. This phenomenon arises when a nation improves its energy efficiency, RE production, and environmental consciousness, all of which contribute to forming an inverted U-shaped connection between income and pollution. To our best knowledge, this is the first ever study to investigate the EKC hypothesis with ES, RE consumption (REC), total trade (TR), and energy innovation (EI) in Morocco and Tunisia.
Second, according to existing literature, a growing number of researchers have invested time and efforts in exposing the key detriments for achieving ES by lowing carbon emission in the ecosystem with the integration of clean energy (Nathaniel, 2021b; Meo, 2021). Green energy inclusion in terms of energy reliance transition from fossil fuel to renewable sources has established the prime measures in mitigating adversity in environmental degradation. This study contributed to the existing literature by offering fresh insight regarding the role of RE, EI, and TR in achieving the focused goal of ES. Even though all those factors have been separately utilized in different studies, we incorporated all three factors in a single equation for the first time.
Third, we investigated the EKC hypothesis by applying symmetric and asymmetric frameworks following Pesaran et al. (2001) and Shin et al. (2014). In recent literature, the asymmetric assessment has gained apex attention in every aspect of macro fundamental assessment, even in the case of environmental assessment. The motivation for including asymmetric investigation is to document the possible nonlinear association over the conventional perception of the linear relationship. In reality, because of macro fundamental behavior and the effects of globalization in economic and finance, the existing belief is under tremendous pressure. Therefore, in empirical assessment, thorough nonlinear framework has received particular attention due to diversity in empirical findings. We, in the study, assess the role of RE, EI, and TR on ES with EKC under the nonlinear framework and firmly believe that the innovation of empirical findings opens an alternative thinking process for formulating environmental policies and reshapes the existing literature macro policies implementation. Our study findings validated the EKC in Morocco and Tunisia with symmetric and asymmetric assessment. Regarding variable elasticity to ES, the study suggested that RE and environmental innovation mitigate environmental degradation by reducing carbon emissions.
The current study investigates the EKC hypothesis for Morocco and Tunisia. Because of the shift from central planning toward free-market economic reforms, they are among the fastest-growing economies in the Middle East and North Africa (MENA) region. In recent decades, both Tunisia and Morocco have accelerated structural reforms to restructure and liberalize economic and financial sectors to achieve economic goals through Structural Adjustment Programs (Bashir et al., 2020). The opening of the domestic economy was also accelerated as the European Union (EU) became a major trading partner for both countries through multiple accords (73.18% and 72% for Tunisia and Morocco, respectively). Furthermore, both countries have become the preferred destination of foreign direct investment (FDI) in the MENA region. As a result, both countries compete to become the most attractive environment for foreign investors through a qualified workforce, developed infrastructure, stable economic policies, and better political stability than the rest of the MENA countries (Hussain and Dogan, 2021). Other channels might also be explored to examine the interrelation between Morocco and Tunisia’s economies, such as imports, FDI flows, and financial linkages.
The aim of the study was to evaluate the role of RE, EI, and trade on ES with the EKC hypothesis for Morocco and Tunisia from 1980 to 2018. The study applied both symmetry and symmetry assessment in the empirical model following Pesaran et al. (2001) and Shin et al. (2014). Study findings found long-run association in an empirical model, according to Bayer and Hanck’s (2013) combined cointegration test. The asymmetric long-run association has been established with the cointegration test under nonlinear assessment. Regarding the magnitudes from RE, EI, and TR to ES, the study documented statistically significant adverse effects of RE and TR on ES, implying reduced carbon emission into the ecosystem. At the same time, trade liberalization positively augmented the process of environmental degradation with excessive carbon emission.
The remainder of this article is organized in the following sections: literature review outlines the association between carbon emissions, foreign trade, economic growth, REC, and EI. Section 3 outlines empirical model and econometric strategy; section 4 narrates empirical findings, and section 5 details concluding remarks and conclusion.
LITERATURE REVIEW
Since the industrial revolution, there has been a steady increase in global carbon emissions mainly due to increasingly higher reliance on fossil fuels to achieve economic transformation. Consequently, global emission levels have reached more than 36 billion tons, 1.6 times higher than that in 1990. Furthermore, this has also contributed to the rise of global average temperature in recent decades (Karl et al., 2015; Bashir et al., 2021b), adversely affecting humans and other species alike. Consequently, there is greater awareness to investigate the association between carbon emissions and global climate change. Academic researchers and policymakers have paid significant attention to assessing how carbon emissions affect climate change in different economic demographics. In order to achieve economic goals, the global energy supply has reached 13.7 billion tons of oil equivalent, and fossil fuels contributed to more than 80% of total energy consumption. In comparison, despite having low carbon emissions and recent environmental reforms, the share of RE sources is still less than 20%, which is even significantly lower in developing economies and is an effective alternative to reduce environmental degradation from carbon emissions (Talbi et al., 2020).
Current economic literature has extensively discussed the linkage between trade, RE, economic growth, innovation in environmental technologies, and carbon emission. A portion of research projects has investigated the inner relationship among CO2 emissions as a measure of ES and the variables above. Mhenni (2005) empirically explored the EKC hypothesis using generalized method of moments methodology from 1980 to 1997; the researcher examined carbon emissions, vehicles, and fertilizer concentration to conclude that the EKC hypothesis is not proven for environmental pollutants. Chebbi et al. (2011) relied on a concentration empiricalapproach to examine how trade openness, per-capita CO2 emissions, and economic growth influence each other. The empirical findings specified that carbon emissions, trade openness, and economic growth Granger cause one another; further analysis forecasted short-run causal association among trade openness and carbon emissions. In an earlier study, Belloumi (2009) researched how economic growth is influenced by energy consumption through the Johansen cointegration approach to indicate the bidirectional causal association between economic growth and energy consumption in the long run. Fodha and Zaghdoud (2010) also used the causality analysis approach to analyze how economic policies and carbon emissions influence the environmental deterioration in developing economies. The application of Vector Error Correction Model (VECM) and Johansen causality analysis indicated unidirectional causal association from economic growth to carbon emissions in short- and long-run empirical findings. Taking into account the empirical nexus, we reported the literature findings with three subgroups.
First, the pursuit of more remarkable economic development is inextricably linked to energy security and environmental degradation. Energy is a necessary input for economic activity; nevertheless, excessive energy use puts more strain on the environment, via either by-product pollutants or the depletion of natural resources. Economic growth should be accomplished in sustainability while efforts are made to protect the environment to preserve its usefulness for future generations. The EKC hypothesizes that economic growth, rather than being detrimental to the environment, improves environmental indicators, ultimately leading to sustainable development. Khan et al. (2020) assess the role of RE on trade and environment quality in Nordic counties from 2001 to 2018 by applying cross-sectional dependency, panel unit root tests, and dynamic CCE. Study findings reveal positive influence running from REC to trade liberalization and environmental quality. As far as policy intention is concerned, the study advocated that RE integration in the economy offers economic sustainability through domestic trade expansion, environmental quality improvement, and an eco-friendly ecosystem. Busu and Nedelcu (2021) investigate the role of clean energy on the ES of EU countries. Study findings documented a negative, statistically significant association in empirical nexus, suggesting that clean energy integration through biofuel and RE is directly connected with reducing CO2 level in another study. Shafiei and Salim (2014) documented a positive role between non-RE and carbon emission and negative association between RE and CO2. Ben Jebli et al. (2016) investigated the EKC hypothesis by taking into account the role of renewable and non-REC on the environment of 25 Organisation for Economic Cooperation and Development (OECD) countries for the period 1980–2018. Empirical estimation with FMOLS validated the EKC hypothesis and established a positive association between non-REC and environmental degradation. The summary of the literature survey focusing on RE and the environment is displayed in Table 1.
TABLE 1 | Summary of literature survey: nexus between RE and environment.
[image: Table 1]Second, environmental degradation is a significant problem in economics and has garnered substantial attention from various academics and economists over the last few decades. Countries are confronted with severe global warming issues as a result of the continued rise in carbon emissions. Numerous causes that contribute to the environmental deterioration have been discovered lately, and governments are attempting to address these issues that affect environmental quality. Environmental deterioration has been a significant concern for nations globally in recent years as carbon emissions have increased. Environmental sustainability is a critical issue for nations; yet, the discussion about the role of innovation and institutions in achieving ES is still insufficient. There is a dearth of knowledge about how countries may accomplish both economic development and environmental protection. Innovation is seen as a successful strategy as it improves energy efficiency and produces greener products, thus lowering carbon emissions. Mongo et al. (2021) investigated the impact of environmental innovation on environmental degradation by taking a panel of 15 EU nations over 23 years by using autoregressive distributed lag (ARDL) in panel form. The study established a positive impact in reducing carbon emission in the long run, but rebound effects were revealed in the short run.
Third, according to economic theory, trade liberalization between nations with varying levels of environmental protection can lead to pollution-intensive industries concentrating in countries with lower environmental regulations. This impact is known as the pollution haven effect, and it is the most contentious area of discussion when it comes to TL and the environment. In the economic literature, there is no consensus on whether the pollution haven effect exists. Suppose one country internalizes the social cost of the environment and does not include the environment in international commerce. In that case, the last country has a comparative advantage in items with high environmental costs (Copeland and Taylor, 1994). The linking between trade openness and environmental quality has been extensively studied via the EKC paradigm by examining the relationship between per-capita income and inequality (Grossman and Krueger, 1995). According to the EKC theory, transitional nations may achieve sustainable economic development after reaching a certain level of per-capita income.
In addition, trade openness is a key element in assisting transitional countries to simultaneously reduce carbon dioxide emissions and increase economic development via a combination of size, composition, and method impacts. Moreover, trade openness can be viewed as a critical element affecting environmental quality and regulatory compliance. Numerous studies have been conducted to determine the effect of trade openness on CO2 emissions. According to Antweiler et al. (2001), trade openness can impact environmental quality via scale, composition, and technique effects. The influence of trade openness on environmental quality may be classified into three categories: size, composition, and method (Grossman and Helpman, 1991). Economic development resulting from trade results in a rise in pollutant emissions due to increased energy consumption and cross-border transportation services. The composition effect is brought about by a company’s decision to specialize in a particular industry to gain a competitive edge. This impact varies by competitive advantage source. Because of trade liberalization, the technique’s impact results from technology flowing into less-developed nations (Copeland and Taylor, 2001).
In the existing literature, two lines of evidence have suggested regarding the role of trade openness and environmental degradation. First, a growing number of researchers advocated the positive role of trade openness on environmental degradation (Managi et al., 2009), Ahmar and del Val (2020; Yu et al., 2019; and Park et al. (2018). In a study, Ling et al. (2015) postulated that trade openness offering technological efficiency positively correlated with environmental quality by lower carbon emission in the ecosystem. It is due to trade openness-led innovation increasing technical effects and reducing scale effects in aggregate output. The second line of empirical studies established an adverse association between trade and environmental degradation (Nasir and Ur Rehman [2011], Shahbaz et al. [2017]; and Zameer et al [2020]). In a study, Dean (2002) pustulated that trade harms pollution emissions, resulting in environmental deterioration. However, it also lowers pollution emission growth via the income effect, resulting in a beneficial impact on the environment. The summary of literature survey is displayed in Table 2.
TABLE 2 | Summary of literature survey: nexus between trade and environment
[image: Table 2]Conceptual Model and Proposed Hypothesis of the Study
Current economic literature has extensively discussed the linkage between trade, RE, economic growth, innovation in environmental technologies, and carbon emission. A portion of research projects has investigated the inner relationship among CO2 emissions and the variables mentioned previously. Mhenni (2005) empirically explored the EKC hypothesis using GMM methodology from 1980 to 1997; the researcher examined carbon emissions, vehicles, and fertilizer concentration to conclude that the EKC hypothesis is not proven for environmental pollutants. Chebbi et al. (2011) relied on a concentration empirical approach to examine how trade openness, per-capita CO2 emissions, and economic growth influence each other. The empirical findings specified that carbon emissions, trade openness, and economic growth Granger cause one another; further analysis forecasted short-run causal association among trade openness and carbon emissions. In an earlier study, Belloumi (2009) researched how economic growth is influenced by energy consumption through the Johansen cointegration approach to indicate the bidirectional causal association between economic growth and energy consumption in the long run. Fodha and Zaghdoud (2010) also used the causality analysis approach to analyze how economic policies and carbon emissions influence the environmental deterioration in developing economies. The application of VECM and Johansen causality analysis indicated unidirectional causal association from economic growth to carbon emissions in short- and long-run empirical findings. The present study does not concentrate on detecting ES factors in Tunisia and Morocco but instead on evaluating the effects of REC, EI, and TR on ES.
Figure 1 exhibits the conceptual framework and the possible causal hypothesis of the study, which is to be tested in the empirical investigation:
[image: image]: EI Granger causes ES and vice versa
[image: image]: TR Granger causes ES and vice versa
[image: image]: REC Granger causes environmental sustainability and vice versa
[image: image]: EI Granger causes REC and vice versa
[image: image]: TR Granger causes REC and vice versa
[image: image]: EI Granger causes TR and vice versa
[image: Figure 1]FIGURE 1 | Linear ARDL CUSUM and CUSUMSQ graphs (Morocco).
DATA AND MODEL
Descriptive Statistics and Model Specification
The current study utilized time-series data from 1980 to 2018 for Tunisia and Morocco. As a dependent variable, ES is measured by carbon emission per capital extracted from British Petroleum. As independent variables, the study considered REC, EI, TR, and economic growth (Y) and all the data were extracted from world development indications published by World Bank (2021). We convert selected variables into natural logarithm form to normalize the data and arrive at reliable and consistent estimates (Nathaniel, 2020).
The present research used the log model to examine the EKC hypothesis and the impact of RE, EI, and international commerce in promoting ES in Tunisia and Morocco. The following empirical model is to be implemented.
[image: image]
In the equation mentioned previously, [image: image] is taken as a proxy for ES; [image: image] is the level of economic growth; and [image: image] is the nonlinear term to investigate the EKC hypothesis. [image: image] represents REC, [image: image] represents the level of environmental innovation in the environmental industry, [image: image] refers to volumes of international trade, and [image: image] accounts for the error term.
The pursuit of economic progress has put extra pressure on energy consumption and infrastructure development, which has led to significant environmental challenges in CO2 emissions. In addition, we include [image: image] as it is a major contributor in alleviating ecological problems (Qamruzzaman, 2021). As previously mentioned in the introduction and literature review, We included REC and EI in our empirical analysis because these factors not only alleviate ecological pressure but also reduce the reliance on fossil fuels in the energy mix, thereby sustaining the impact of environmental reforms, particularly in developing economies (Qamruzzaman, 2021; Zhang et al., 2021). Finally, we have included the total volume of international trade as it is a better instrument to measure the impact of industrial and economic activities on environmental degradation (Liddle, 2014). Domestic trade expansion through trade liberalization exacerbates ecological issues through increasing energy consumption, industrial and public infrastructure growth, and continued reliance on fossil fuels as a source of energy. On the other hand, trade openness can mitigate environmental externalities via energy efficiency, creative technology, and economies of scale (Liu et al., 2017). Thus, the inclusion of TR effects in empirical assessment with EKC might reveal a new hope of rethinking the policies in environmental improvement.
The descriptive statistics of research variables is displayed in Table 3. Elementary assessment reveals that the mean value of ES measured by carbon emission in Morocco (Tunisia) is 13.3057 (1.0296) falls between 26.8992 and 9.6058 (1.7998 and 0.5439); the variable for RE measured by REC as a percent of total consumption that exposed the mean value is 3.602237 (48.32269) falls between 4.038096 and 3.227796 (58.65286 and 36.02122). EI proxied by green patent application reveals the mean value of 10.37888 (7.134816), which falls between 15.59 and 2.37 (11.24 and 2.8). The sum of export and import was used for measuring the effects of TR with the mean value of 53.6197 (32.28183), which falls between 110.5771 and 26.2567 (55.79372 and 12.21927), and the mean value of economic growth is 6574.143 (864.388), which falls between 15974.64 and 1330.757 (2100.751 and 296.4352).
TABLE 3 | Descriptive statistics of reserch variales.
[image: Table 3]ESTIMATION STRATEGY
Unit Root Test
Time-series databases’ empirical model assessments persistently seek to detect the research units’ order of integration for appropriate econometric model selection (Jia, 2021). Following the existing literature trend of variables properties evaluation, the study performed several unit root tests to establish the order of integration in research units, such as the ADF: augmented dickey fuller test P-P: phillips perron test GS-ADF: KPSS: Kwiatkowski–Phillips–Schmidt–Shin (KPSS) tests. Furthermore, the study implements unit root test with unknown structural break test following Zivot and Andrews (Zivot and Andrews, 2002).
Bayer and Hanck Cointegration Test
In recent period detecting the long-run association among variables, research has been extensively applying the newly introduced cointegration test commonly known as combine cointegration, familiarized by Bayer and Hanck (2013) over conventional cointegration tests such as those of Engle and Granger (1987), Johansen (1991), and Banerjee et al. (1998). Bayer and Hanck (2013) offered a cointegration test with a combination existing cointegration test with joint test statistics. The advantage of the combined cointegration test is consistency and reliability in estimating the tested coefficient, implying that aggregation of several cointegration tests eliminates the inherent limitation in conventional testing procedures that are short and limited. Following Bayer and Hanck (2013), the combination of the computed significance level (p value) of the individual cointegration test in this article is in Fisher’s formula as follows:
[image: image]
[image: image]
The possible p values of several individual cointegration tests to be extracted from Engle and Granger (1987), Johansen (1995), Peter Boswijk (1994), and Banerjee et al. (1998) PEG, PJOH, PBO, and PBDM, respectively. To get evidence regarding the long-run association, the calculated F statistics has to be greater than the critical value proposed by Bayer and Hanck (2013) and is the rejection of the null hypothesis “no cointegration.”
Symmetry and Asymmetry ARDL
We performed extensive unit root analysis to begin the econometric analysis as it is a prerequisite for cointegration and causality analysis. After confirming the variables’ integration order of the ARDL and nonlinear autoregressive distributed lag (NARDL) methodologies, that is, data series is stationary at level or first difference, we applied nonlinear and linear cointegration analyses.
We have selected asymmetric (nonlinear) and symmetric (linear) ARDL approaches for the principal empirical analysis. The primary reason for selecting these methodologies is that ARDL and NARDL are flexible and can be used where variables are integrated at level or first difference and suitable for small samples. ARDL requires appropriate lag selection as it can be used to eliminate the issue of endogeneity. Furthermore, a suitable lag length can address the occurrence of multicollinearity in the asymmetric ARDL (Shin et al., 2014). The application of ARDL provides us with long- and short-run empirical results, all together, and the lagged ECT provides information about long-run equilibrium’s convergence. Bearing this in mind, we transform Eq. 1 into the following ARDL model:
[image: image]
where [image: image], [image: image], [image: image], and [image: image]. They are used to explain short-run coefficients, long-run coefficients, first difference operator, and the error term, respectively. Before applying the ARDL approach, we used AIC (Akaike information criteria) to select the appropriate lag length.
Any of the following three statistics can test the occurrence of long-run relations. First, the modified F test advanced by Pesaran et al. (2001) tests the joint null hypothesis of no cointegration. The null hypothesis of [image: image] 0 articulates the absence of cointegration in the empirical analysis, whereas [image: image] 0 is used to indicate cointegration among the variables. Our selection of the bounds tests produce F statistics, which is compared against the critical values to decide the presence of cointegration. Second is a Wald test (WPSS), which also tests the above joint null; and third, a t test (tBDM) proposed by Banerjee et al. (1998) tests the null of no cointegration [[image: image]; [image: image]; [image: image]] against [[image: image]; [image: image]; [image: image]]. The testing procedure uses two critical bounds: upper and lower. The null hypothesis of no cointegration can be rejected at conventional significance levels by either the F test, W test, or tBDM test statistic, or both.
Asymmetric Autoregressive Distributed Lagged
In recent time, the application of nonlinear framework has gained an apex position in evaluation of the relationship in empirical studies with a motivation to establish possible innovation in explaining the conventional connection (Qamruzzaman, 2021; Qamruzzaman et al., 2021; Zhang et al., 2021; Yang et al., 2021). Following the existing literature, the study has implemented the nonlinear framework to gauge the asymmetric effects of RE, EI, and TR on ES; the study uses a nonlinear framework widely known as NARDL, which was initiated by Shin et al. (2014), and the study generalizes the following asymmetric long-run regression.
[image: image]
where [image: image] are associated with long-run pavements. The coefficient of [image: image] specifies the effect of positive and negative shocks in RE, [image: image] denote the asymmetric effects of EI, and [image: image] explain the asymmetric effects of TR on ES. The asymmetric shocks that pose negative and positive changes in RE ([image: image], [image: image]) EI ([image: image], [image: image]), and trade ([image: image]) have been derived by implementing the following equations:
[image: image]
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The generalized form of the nonlinear empirical model is as follows;
[image: image]
The long-run elasticity can be figured through [image: image]; [image: image]; [image: image]; [image: image]; [image: image], similar to the linear ARDL bound testing procedure—by F-pass and W-pass statistics under the joint null hypothesis of no cointegration that is [image: image] and the tBDM statistics, which tests the null hypothesis of no cointegration [image: image]. When nonlinear cointegration is confirmed, the next step is to investigate long-run symmetry.
[image: image] and short-run symmetry (additive) [image: image]
The non-ARDL approach primarily relies on the bound test to investigate nonlinear cointegration, whereas the decision criteria for cointegration, alternative, and null hypothesis are similar to the linear ARDL. After investigating cointegration, we devise Eq. 11 to investigate the asymmetric effects of the variables included on the CO2.
Furthermore, we applied several diagnostics models to investigate the stability of symmetric and asymmetric models. We also used the Wald test to confirm that both regressors’ asymmetric effects are significant.
Lastly, we proceeded with the VECM to identify the causal association between variables through the following model:
[image: image]
In Eq. 11, [image: image] and [image: image] illustrate the error term and the first difference operator. The lagged error correction term has been denoted by [image: image]. The presence of long-run causal association depends on a significant [image: image] with a negative sign. Lastly, we investigate short-run causality through the Wald statistics.
ESTIMATION AND INTERPRETATION
The results of variables’ propriety detection are displayed in Table 4. It is apparent from the stationary test statistics that all the variables are stationary after the first difference I(1). However, neither variable is exposed to stationary properties after the second difference I(2). The established variables’ properties are valid for both country estimations.
TABLE 4 | Results of conventional unit root test.
[image: Table 4]The study evaluated the stationary properties with unknown structural breaks by applying the framework proposed by Zivot and Andrews (2002), and test statistics are reported in Table 5 with panel A for Morocco and panel B for Tunisia. The study reveals that all the variables are stationary after the first difference with a break year; precisely, for the variables, ES reveals break year (large order) for Morocco 2013 (2) and for Tunisia 2000 (2), RE exposed stationary with break year (lag) for Morocco 2017 (3) and Tunisia 2015 (3), EI for Morocco 2015 (2) and Tunisia 2016 (1), for TR in Morocco 2001 (2) and in Tunisia 2013 (1), and finally economic growth in Morocco 2016 (2) and Tunisia 1997 (3), respectively.
TABLE 5 | Unit root test with an unknown structural break.
[image: Table 5]Before implementing the prime target model for detecting long- and short-run coefficients, the long-run association was evaluated through the cointegration framework introduced by Bayer and Hanck (2013) with the hull hypothesis on cointegration among research units. From the test statistics of combined cointegration test reports shown in Table 6, it is evident that all the test statistics derived with Fisher’s effect are higher than the critical value at a 5% level, suggesting that the rejection of null hypothesis alternatively confirmed the long-run association between ES, RE, EI, TR, and Y, which is valid for both economies.
TABLE 6 | Results of combined cointegration test.
[image: Table 6]Symmetry and Asymmetry Cointegration
The study used the symmetry and asymmetry cointegration tests by implementing three statistics: Fpass for bound testing, Wpass for joint probability test, and tBDM test. The results of the long-run cointegration test with three test statistics are displayed in Table 7 with panel A for Morocco and panel B for Tunisia. Referring to test statistics, it is apparent that all the test statistics regardless of estimation assumption that is symmetry or asymmetry are statistically significant at a 1% level, suggesting the long-run association between ES, RE, EI, TR, and Y with the integration of EKC hypothesis in the empirical assessment.
TABLE 7 | Symmetry and asymmetry cointegration test.
[image: Table 7]Long- and Short-Run Assessments
Table 8 displays the long- and short-run coefficients under a symmetry environment for Morocco (Tunisia). Regarding the coefficient of economic growth on environment sustainability measured by carbon emission, it is statistically significantly positive at a 1% level with a coefficient of 0.225525 (0.3845). A study suggests that economic activity growth increases carbon emission, thus incurring additional costs of reducing environmental degradation to achieve ES in both Morocco and Tunisia. The nonlinear coefficient of economic growth (Y2) exposed negative statistical significance at a 1% level for Morocco (Tunisia) with a coefficient of −0.17417 (−0.2271). Study findings suggest that sustainable economic growth with specific periods plays an inductive role in integrating technological and energy efficiency. The positive coefficients for gross domestic product (GDP) and negative coefficient values for GDP2 validate the EKC hypothesis for Tunisia and Morocco. Our findings confirm that environmental quality initially deteriorates in both countries due to industrial activities but ultimately decreases after certain economic growth levels have been achieved.
TABLE 8 | Results of long- and short-run coefficients with symmetry assumption.
[image: Table 8]The significant impact from RE is evident in environmental quality in Morocco (Tunisia), suggesting a negative statistically significant linkage. More precisely, a 10% growth in RE integration in aggregate energy consumption increases ES by reducing the degree of carbon injected into the ecosystem by 2.216% (2.162%). Study findings suggest that establishing ecological balance in Morocco and Tunisia makes it imperative to initiate policy strategies for transition from fossil fuel dependency to RE integration and increase REC to avoid climate change and higher carbon emissions in the coming decades.
The coefficient value of EI is statistically significantly negative for environmental quality improvement through carbon emission reduction in Morocco (Tunisia) with a coefficient of −0.10739 (−0.1176). In particular, a 10% innovation in energy efficiency can decrease carbon emissions and accelerate ES by 1.073% (1.1176%). Environment innovation in RE technology innovation restricts the flows of carbon emission and augments the process of ecosystem improvement, eventually establishing ES (Wang and Zhu, 2020).
Next, we examined the linkage between TR and ES, and the study documented a statistically significant positive association in Morocco (Tunisia); specifically, a 10% development in TR can significantly decrease ES by 1.096% (1.834%) (TR). The symmetric ARDL illustrates that a 1% increase in COs emissions increases carbon emissions by 0.0041% and 0.0906% for Tunisia and Morocco.
For the short run, the coefficient of error correction terms is negative in sign and statistically significant at a 1% level, implying that the long-run disequilibrium due to short-run shock in independent variables will reach long-run convergence with a speed of 33.08% in Morocco and 58.79% in Tunisia.
The short-term findings for EI of symmetric ARDL highlight that innovations in the environmental and energy sector in Tunisia (Morocco) have led to lower (higher) carbon emissions in the short run with a coefficient of 0.0257. This is attributed to the allocation of research and development expenditures, significantly higher in Tunisia than in Morocco. Also, the recent focus on environmental and economic reforms means that Tunisia has paid significant attention to the developments in environmental technologies than the rest of the MENA countries, that us, Morocco. Lastly, trade (TR) negatively affects ES in both Tunisia (a coefficient of −0.0121) and Morocco (a coefficient of −0.0212), which is supported by the fact that the integration of globalization and technology transfer contributes to fewer carbon emissions in the short run and positively correlates with energy efficiency.
Moreover, for ensuring model internal consistency and efficiency in estimation, several residual diagnostics tests have been performed (panel C). according to the test statistics, empirical estimations are free from serial correlation, and residuals are normally distributed, with no issue regarding heteroscedasticity. The RESET test confirms stability in model construction. Furthermore, the CUSUM and CUSUM of square test establish coefficient stability and robustness (see, Figures 1, 2).
[image: Figure 2]FIGURE 2 | Linear ARDL CUSUM and CUSUMSQ graphs (Tunisia). Asymmetric long- and short-run coefficients.
Asymmetric Long-Run and Short-Run Coefficients
The study moved to gauge the asymmetric effects of positive and negative shocks in RE, EI, and TR on ES. The results are displayed in Table 9 with three panels of outputs.
TABLE 9 | Long- and short-run coefficient with asymmetric estimation.
[image: Table 9]Panel A contains the test statistics with the standard Wald test for the long- and short-run with the null hypothesis of “symmetry.” The test statistics for the long run ([image: image] and short-run ([image: image]) of each targeted variable in the study revealed statistical significance at a 1% level, suggesting the rejection of the null hypothesis. Thus, the asymmetry association between dependent and independent variables is established in empirical assessment, valid for Morocco and Tunisia. Once the asymmetry was confirmed, the study moved to detect and explain the asymmetric magnitudes of respective variables on ES.
Panel B reports the long-run asymmetric coefficients for Morocco (Tunisia). There is linkage between economic growth and ES, which is statistically significantly positive at a 1% level with a coefficient of 0.2193 (0.1841). The study established that the growth of economic activities increases the level of carbon emission, thus incurring additional costs of reducing environmental degradation to achieve ES in Morocco and Tunisia. The nonlinear coefficient of economic growth (Y2) exposed negative statistical significance at a 1% level for Morocco (Tunisia) with a coefficient of −0.2503 (−0.1406). Study findings signify that economic growth, in the long run, plays a multivalve role in environmental development with the integration of technological and energy efficiency. The positive coefficients for Y and negative coefficient values for GDP2 validate the EKC hypothesis for Tunisia and Morocco. Our findings confirm that environmental quality initially deteriorates in both countries due to industrial activities but ultimately decreases after certain economic growth levels have been achieved.
The asymmetric effect of REC, that is, positive and negative shocks, on ES reveals a negative statistically significant linkage in Morocco (Tunisia). Specifically, a 10% positive innovation in RE can increase environmental quality by reducing carbon emission in the ecosystem by 2.618% (1.793%), whereas a 10% adverse shock that decreases the integration of RE suggests reliance on fossil fuel, resulting in increasing carbon emission, hence deteriorating the environmental quality in Morocco (Tunisia) with a rate of 1.759% (1.938). Study findings postulated that in improving environmental quality to sustainability, the application and integration of RE emerged as critical in this regard. Therefore, effective energy policies focused on energy transition from fossil fuel to green energy to be the best alternative for Morocco and the Tunisian economy.
The analysis of EI’s positive and negative shocks presents rather exciting results. Panel B of Table 9 documents that positive shocks on EI have led to higher carbon emissions in Morocco (a coefficient of 0.2815). In contrast, the opposite is true for Tunisia (a coefficient of −0.1442). On the other hand, adverse shocks in EI hurt environmental quality in Morocco (a coefficient of 0.2789) and Tunisia (a coefficient of 0.1237). Study findings advocate that constant environmental concern induces the economy to invest in technological advancement, eventually improving environmental quality by lessening the ecological effects of excessive carbon emissions.
The findings of the NARDL approach suggest that 1% positive shocks in TR lead to higher carbon emissions in Morocco (a coefficient of 0.1297) and Tunisia (a coefficient of 0.1099). On the other hand, a negative shock in trade liberalization is responsible for higher environmental degradation as it increases carbon emissions into the atmosphere. However, the positive change has a much more profound impact. This is again evidence of the importance of using asymmetric methods in environmental economics.
Moreover, for ensuring model internal consistency and efficiency in estimation, several residual diagnostic tests have been performed (panel D); according to the test statistics, empirical estimations are free from serial correlation; residuals are normally distributed, there is no issue regarding heteroscedasticity, and the RESET test confirms stability in model construction. Furthermore, CUSUM and CUSUM of square test establish coefficients stability and robustness (see Figures 3, 4).
[image: Figure 3]FIGURE 3 | NARDL CUSUM and CUSUMSQ graphs (Morocco).
[image: Figure 4]FIGURE 4 | NARDL CUSUM and CUSUMSQ graphs (Tunisia).
The multipliers for both variables are plotted in Figures 5, 6, which portray adjustment to a new equilibrium after positive and negative shocks. The black dotted line indicates the nonlinear adjustment of CO2 to adverse shocks, whereas the solid black line portrays the adjustment of CO2 to a positive shock. The asymmetric pattern indicated by the red dotted line is the difference between both negative and positive shocks.
[image: Figure 5]FIGURE 5 | Nonlinear ARDL dynamic multiplier effect graphs (Morocco).
[image: Figure 6]FIGURE 6 | Nonlinear ARDL dynamic multiplier effect graphs (Tunisia).
Next, the study moved in gauging the directional associations between ES, RE, EI, TR, and economic growth by executing a vector error correction model. Granger causality test results under ECM are displayed in Table 10, consisting of panel A for Morocco and panel B for Tunisia.
TABLE 10 | Results of causality test under VECM.
[image: Table 10]The long-run causalities in empirical estimation was investigated through the lagged error correction term coefficient. For long-run causality, the coefficient of error correction term has to be negative in sign and statistically significant. The study documented that several ECT coefficients are statistically significantly negative, primarily ES treated as the dependent variable, suggesting the long-run causal effects available in the equation.
For the short-run, the study documented that several directional associations in the empirical assessment such as bidirectional causality prevail between economic growth and ES [Y←→ES], EI and REC [EI←→RE] in Morocco, whereas RE and ES [RE←→ES] in Tunisia. Furthermore, the study disclosed several unidirectional linkages between variables, especially to ES, including RE to ES [RE→ES] in Morocco, EI to ES [EI→ES], and economic growth to ES [Y→ES].
To ascertain the long-run impact of REC, EI, and trade on ES in Morocco and Tunisia, the study further implemented fully modified OLS introduced by Phillips and Hansen (1990) and dynamic OLS and canonical cointegrating regression (CCR) familiarized by Stock and Watson (1993). The results of the robustness test are displayed in Table 11. Study findings reveal the expected sign for each explanatory variable in explaining the association with ES. More precisely, the magnitudes of RE and EI exposed negative association, and trade augmentation revealed a positive role in carbon emission in Morocco and Tunisia.
TABLE 11 | Results of the empirical model robustness test.
[image: Table 11]DISCUSSION OF RESULTS
The empirical evidence for the existence of the EKC hypothesis through symmetric and asymmetric methodologies is in contrast to Mrabet et al. (2017) and Charfeddine (2017). However, our findings align with Solarin et al. (2017), who investigate a panel of high-income countries. It is evident from empirical estimates that the GDP coefficients are positive, which documents that economic growth takes precedence in Tunisia and Morocco; it drives human demands and is also the primary reason for ecological problems. These outcomes were expected as the recent ecological footprint of Tunisia and Morocco has significantly increased along with its GDP. Also, these countries in recent years have overseen the transformation of the quality of life, and more and more people have access to better sanitation, health, food, and other necessities. However, this massive scale of economic progress has impacted daily lifestyles and has increased demand for natural resources beyond the necessities of basic needs; this, in turn, leads to pressure on environmental quality. The negative coefficient of GDP2 indicates that the achievement of specific economic goals and prosperity, environmental quality in Tunisia and Morocco can be improved through structural changes in the domestic economy, innovation in environmental technologies, and integration of environmental reform within the economic policies as Ulucak and Bilgili (2018) argued that advanced environmental technologies and stringent regulations minimize the ecological footprint in emerging economies.
The current study also presents interesting empirical outcomes between REC and carbon emissions in Tunisia and Morocco. In recent economic literature, several studies have provided support for REC to reduce environmental degradation. Among these, Bhattacharya et al. (2017) used a panel dataset for 85 developed and developing economies to articulate that growth in RE gas has a significant impact on environmental quality and economic growth especially in developing economies. Likewise, Hu et al. (2018) selected 25 developing economies and used FMOLS and DOLS to indicate that effective implementation of RE leads to lower carbon emissions over the long run. In support of these outcomes, (Dogan et al., 2010) selected SSA countries to explore the association between environmental pollution and RE during the time scale of 1980–2011. They found that higher fossil fuel consumption contributes to environmental pollution, whereas RE hurts environmental degradation. However, Apergis and Payne (2012) contradicted these findings for a panel of 29 developing economies to report that RE positively affects carbon emissions because of inadequate storage technology to deal with supply constraints. For Vietnam, Solarin et al. (2017) highlighted that a lower share of REC means that RE had no significant impact on carbon emissions. Khoshnevis Yazdi and Shakouri (2018) also reported similar outcomes.
Regarding EI and ES, the study documented a positive and statistically significant association, suggesting that clean energy integration in the aggregated productivity expansion boosts economic output and increases ES prospects by lowering carbon emission. Several empirical studies have recently explored the association between EI and carbon emission to capture the effects of RE with patents and R&D expenditure as the primary proxy variable being used. The findings of empirical literature remain inconclusive. In a comprehensive study, Fernández-Amador et al. (2019) investigated the association between carbon emission and innovation in environmental technologies to conclude that environmental technologies effectively reduce carbon emissions over the long and short run. In recent years, Awaworyi Churchill et al. (2019) and Petrović (1968) explored the association between RE, environmental technologies, and carbon emission to report mixed findings for different countries over the different periods and argued that the association between environmental technologies and carbon emissions is significantly dependent on the application of environmental legislation. Several studies such as those of Acemoglu et al. (2012) and Jaffe et al. (2002) have argued that limitation of carbon emissions through environmental technologies is dependent on country-specific characteristics and further explained that these effects rebound over time and negatively affect the accumulation of long-term environmental goals through innovation in green technologies (Braungardt et al., 2016). The energy structure of developing economies is based on the overexploitation of natural and fossil resources. However, in recent decades, this model has been altered by the increase in renewable sources and the implementation of innovations thought to be conducive to a more sustainable model in the energy sector. This new scenario represents an agreement on the need of increasing ES through the deployment of low-carbon technology. The efficacy and application of environmental rules will be critical in the long-term evolution of environmental pollution.
Lastly, we investigate the empirical association between carbon emissions and trade openness. In the last two decades, several studies have explored such association and how it affects economic growth over the long run. Obradović and Lojanica (2017) investigated the association between trade, carbon emissions, and energy consumption for southeastern European countries through the VECM approach to discover the long-run causal association between energy consumption, carbon emissions, and trade openness. However, the authors found no short-term causality between trade and carbon emissions for Bulgaria and Greece. Cherni and Essaber Jouini (2017) furthered the research by using the ARDL approach to examine how trade affects carbon emissions or vice versa for Tunisia. The researchers used the Granger causality test to report long- and short-term causal associations and their direction. The empirical analysis revealed the bidirectional causality between trade and carbon emissions and trade and REC; however, it found no causality between REC and carbon emissions. In another study, Kais and Sami (2016) investigated energy consumption and trade effects over carbon emissions for 58 emerging and developed economies from 1990 to 2012. The authors developed three panels, that is, Latin America and Caribbean, north Asian region, and Europe. The empirical analysis indicated that carbon emissions and energy consumption were positive for all three panels. The researchers reported similar trade and carbon emission estimates, and its statistical value was significant for north Asia and Europe. Lastly, the researchers also confirmed the existence of a U-shaped curve for trade and carbon emissions.
CONCLUSION
The current study has attempted to investigate the dynamic association between carbon emissions, trade openness, income, EI, and RE for Tunisia and Morocco. It compares the influence of the variables as mentioned previously in these emerging MENA economies. To analyze this nexus, we applied a series of unit root tests; next, symmetric and asymmetric cointegration was investigated. Afterward, unlike mainstream literature, we used both ARDL and NARDL methodologies to evaluate long-run elasticities comprehensively. We further investigate the impact of positive and negative changes in RE, EI, and trade and how it impacts environmental degradation in Tunisia and Morocco. Finally, we report causal analysis to evaluate the short- and long-run causal association between the variables included in the study.
Our empirical approach allows us to provide useful econometric findings. It is evident from the empirical estimates for asymmetric and symmetric ARDL approaches that GDP and GDP2 are significant under both empirical approaches. The positive coefficients for GDP and negative coefficient values for GDP2 validate the EKC hypothesis for Tunisia and Morocco. Initially, environmental quality deteriorates in both countries because of higher industrial activities but ultimately decreases after certain economic growth levels have been achieved. We further disclose that for Tunisia, RE and EI reduce carbon emissions, whereas trade (TR) has a positive association with environmental degradation. However, in the asymmetric ARDL findings, positive (RE⁺) and negative (EI−) contribute to environmental degradation. For Morocco, the empirical estimates (ARDL) for RE, EI, and TR report similar findings as Tunisia. However, the findings for NARDL reveal that adverse changes in trade (TR−) contribute to environmental degradation.
These findings suggest that policymakers in Tunisia and Morocco must introduce institutional and environmental reforms to achieve higher cohesiveness between domestic and foreign investors. These policies will also allow these emerging economies to take advantage of globalization and higher integration between international trade and FDI. In addition, policy changes aimed at lower tax, and related invectives will allow these investors to promote investments in green energy projects. However, higher taxation and restrictions on outdated technologies will prevent environmental degradation.
We further document that causality runs from GDP and RE toward CO2 emissions for Tunisia, whereas there is a causal association between EI and trade toward CO2 emissions for Morocco. This causal association allows us to propose that further environmental policies must promote energy efficiency and energy conservation through better environmental technologies. Furthermore, the share of RE in the energy mix must be increased to minimize the adverse effects on the ecological footprint. In this regard, higher investments in green energy technologies will effectively reduce environmental damage from fossil fuel consumption. In addition, the higher share of fossil fuels in the energy mix must be minimized by adding low pollution natural gas. Lastly, reforms in pricing strategies must be considered a policy mechanism to increase REC in both Tunisia and Morocco.
Finally, although the current study provides a significant contribution to the existing economic literature; however, we have been unable to account for the association between carbon emissions and structural changes in Tunisia and Morocco within the MENA region. These economies rely significantly on informal economies. Further research is required to evaluate the association between industrial competitiveness and microenterprises and how recent economic and environmental policies have affected them. Hence, we encourage future studies to evaluate these policies for MENA regions. Evaluating these policies is a crucial factor in reaching future international climate control agreements in developing economies.
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