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The motivation of the study is to gauge the impact of financial development, FDI, Technological innovation, and good governance on environmental degradation in the Arab Nation for the period 1991–2019. Several techniques have implemented, including error correction-based cointegration, cross-sectional ARDL, Non-linear ARDL and Heterogeneous causality test for directional causality. The results of Slope of homogeneity, CSD and unit root test following CIPS and CADF, revealed that research variables are exposed with heterogeneity properties, cross-sectionally dependent, and all the variables become stationary after the first difference. The long-run cointegration between explained and explanatory variables established through error correction based cointegrating test. Referring to results derived from CS-ARDL, study exposed financial development has a detrimental effect on environmental sustainability, suggesting the intensification of CO2 emission and ecological instability. On the other hand, the role of FDI, GG, and TI exposed beneficiary in mitigating the environmental adversity. The asymmetric assessment revealed asymmetric association between explained and core explanatory variables which is valid in the long-run and short-run horizon. Finally, the casual association, study unveiled bidirectional causality between FDI, TI and ED [FDI←→ED; TI←→ED]. On the policy note, the study advocated that environmental improvement through financial channels should be efficiently monitored in the case of credit extension and incorporation with existing environmental policies.
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1 BACKGROUND OF THE STUDY
Environmental protection has become an undeniable concern for sustainability due to excessive cost involvement in restoring the ecological imbalance and environmental sustainability. Across the world, a significant challenge faced by many countries due to environmental degradation (ED, hereafter) and its adverse effects on economic fundamentals, including poverty aggravation, dwindle agro-productivity, shrinkage of domestic trade liberalization. Furthermore, pollution produced by industry is often poured into rivers, rendering such rivers unsuitable for other purposes. As a result of these and other forms of environmental degradation, there will be substantial repercussions for the economy and the health and wellbeing of the population. On the other hand, the magnitude of these expenditures is often disregarded since there is no effort to quantify them. As a result of this, it may be difficult for a country to evaluate the scope of the damage done to the environment, much alone take steps to prevent, reduce, or repair the damage.
As far as ED is concerned with overall macro-economic performance, existing literature has posited a one-directional effect that is an adverse linkage with economic growth (Alvarado and Toledo, 2017; Alvarado et al., 2018; Danish et al., 2019), trade openness (Oktavilia and Firmansyah, 2016), FDI (Neequaye and Oladi, 2015), inequality and poverty. On the other hand, referring to the relaxed and ineffective environmentally regulated economy, literature has suggested those economy has found baaven for the foreign investors has less complication for managing the environmental dispute, which entice them for fund mobilization (Kisswani and Zaitouni, 2021). Population haven hypothesis postulated that for some instance developing nations entice FDI with exposed to relax and unregulated environmental concern. It is suggesting that cost of environmental dissertation has neglected for economic process through the contribution of FDI. When it comes to developing nations, promoting sustainable long-term economic development and environmental preservation often conflicts with the need to raise production to expand job opportunities and wages. Because providing for the necessities of people living in developing nations provides a rational basis for the current configuration of the EKC, it is important to be cautious of efforts to reduce CO2 emissions at the expense of increasing output (JinRu et al., 2022).
The preset study considered financial development (FD, hereafter), foreign direct investment (FDI, hereafter), governmental effectiveness (GG, hereafter), and technological innovation (TI, hereafter) in the equation of environmental degradation. Regarding the nexus between FD-led ED, the existing literature has yet to establish conclusive evidence in explaining the FD effects on ED. However, considering the posted evidence in the literature, two domains of evidence can be exploded. First, the detrimental role of environmental degradation. At the same time, another strand explained the beneficial effects of FD on ED. Environmental economists have long praised FD for its good impact on the planet (Ahmad M. et al., 2022). Literature suggested that FD foster environmental development by supporting credit facilities for industrial operational process efficiencies and technological up gradation. Menegaki et al. (2021) suggested financial development (FD) expand financial services accessibility and improve the existing ones to increase economic growth. Rajan and Zingales (2003) contend that the accumulation of local capital invested in developing locally-based enterprises is a major driver of economic growth. Another line of evidence available by contending the detrimental role of financial development in ED, implying that credit accessibility for the drive for industrial development with neglected the environmental concern, results in environmental degradation. Meanwhile, innovations in the financial sector contribute to the development of sound banking procedures (Musah et al., 2022b; Dai et al., 2022; Rong and Qamruzzaman, 2022). The role of FDI has yet to reveal with a conclusive note, implying the mixed effect available in explaining the nexus between FDI-led ED. A growing number of studies have postulated that a less regulated environmentally focused economy fascinates foreign investors in mobilizing their resources for industrial development with the use of conventional energy. Literature suggested that the inefficient process and fossil energy consumption intensify environmental degradation by injecting excess CO2 emissions. Concurrently, another domain of findings revealed a positive linkage between FDI and environmental quality, indicating that the inflows of FDI bring technological–know and the efficient operational process and support economy in dragging the degree of CO2 emission which significantly contributed in improving the environmental quality. Thus receipts of FDI have to be positively guided in terms of environmental protection so that economic sustainability should be the concern.
The motivation of the study is to gauge the impact of financial development, foreign direct investment, good governance and technological innovation on environmental degradation in Arab nations with the application of both symmetric and asymmetric framework.
The present study has contributed to the existing literature in the following ways. First, in terms of empirical nexus targeting environmental degradation with technological innovation. Even though several studies have implemented in documenting the effects of TI on ensuring environmental sustainability, however, referring to Arab nations for TI-led ED has yet to investigate. Thus with our best knowledge for the first time, the nexus between FD, FDI, TI, GG, and ED has been implemented by concentrating a panel of Arab nations. Second, existing literature has investigated the impact of selected explanatory variables with the implementation of a linear framework, but the empirical model estimation with non-linear decomposed variables has opened an alternative thinking process for future policy formulation over conventional and perceived attitudes. Third, the present study has considered both linear and non-linear decomposed units of explanatory variables in evaluating the directional association.
For evaluating the empirical nexus and documenting the elasticity’s of explanatory variables on environmental degradation, the study has implemented a slope of homogeneity test, cross-sectional dependency test, panel unit root test following CIPS and CADF and error correction based panel cointegration test. The long-run and short-run coefficients have been documented through CS-ARDL and Non-linear ARDL. Finally, the directional association is exposed by executing the D-H causality test. The study revealed that research units had shared certain common dynamics with heterogeneity properties, and variables were integrated after the first difference. The cointegration test following error correction residual based confirmed the long-run association between explained and explanatory variables. Referring to the long-run and short-run elasticity’s extracted from CS-ARDL, it is apparent that financial development has a detrimental effect on environmental sustainability, suggesting the augmentation of CO2 emission and ecological instability with the credit facilities for industrial progress. At the same time, the coefficients of FDI, GG, and TI have exposed beneficial effects in mitigating environmental adversity. The asymmetric estimation revealed long-run and short-run non-linear effects from explanatory variables to explained variables. Finally, in the directional investigation, the test statistics exposed bidirectional causality between FDI, TI and ED [FDI←→ED; TI←→ED]. On the policy note, the study advocated that environmental improvement through financial channels should be efficiently monitored in the case of credit extension and incorporation with existing environmental policies.
The rest of the strictures are as follows. Hypothesis development and pertinent literature survey are displayed in Section 2. The variables definition and estimation strategies are displayed in Section 3. Empirical model estimation and interpretation are exhibited in Section 4. Section 5 deals with the findings discussion and the conclusion displayed in Section 6.
2 LITERATURE SURVEY AND HYPOTHESIS DEVELOPMENT
2.1 Financial development and environmental degradation/carbon emission
The nexus between financial development and environmental degradation, existing literature posted two vines of linkage between them: causative and deterrent effects on ED. The first vine of empirical literature advocated the catalyst role of FD in aggravating environmental degradation (Nawaz et al., 2020; Alabi et al., 2021; Shahbaz et al., 2020a; Ali et al., 2019; Hundie, 2018; Alam, 2022). For instance, In the case of ASEAN, Ahmad S. et al. (2022) documented that as financial inclusion and development are rising, both in the short and long run, it degrades the environmental quality. As a result, to reduce carbon dioxide emissions as much as possible, climate change adaptation policies must be taken into account along with financial development. In the case of Turkish, Rjoub et al. (2021) explored the nexus of financial development-led ED for1960 from 2016. The study of Ahmad M. et al. (2022) analyzed the effects of financial development and prosperity on the environment and its ecosystem through the human capital system for the emerging economies between 1984 and 2017, and research has unveiled that financial development reduces environmental quality while declining ecological quality, thus the study advises creating awareness of the need to preserve environmental quality by investing in human capital while using financial resources. In the paper of Ali et al. (2015) studies using 2 decades data of developing countries, i.e., Pakistan, to understand environmental degradation for rising financial growth and its development. The research found Pakistani economic expansion and expanding financial development are positively correlated with rising carbon emissions. Wang et al. (2020) analyze the various dimensions of carbon emissions of N11 countries using 1990 to 2017 and revealed a strong correlation between CO2, economic growth, and GDP. These results would effectively utilize them as a tool to promote more technological innovation and the application of renewable energy sources to achieve desired aims. For details see Table 1.
TABLE 1 | Summary of literature survey: FD-led ED.
[image: Table 1]The second domain of literature advocated the beneficial role in environmental improvement through reassessing the degradation process (Creane et al., 2004; Claessens and Feijen, 2007; Salahuddin et al., 2015; Charfeddine and Kahia, 2019; Khan S. et al., 2021). For instance, Dasgupta et al. (2001) evaluate the nexus between pollution and financial development in developing nations and disclose that with strong environmental regulation, the financial sector has shown respect for environmental control while allowing credit extension in society. The financial sector has offered better environmental quality in the long run by promoting environmental protection and green energy inclusion. In the case of BRI, Li et al. (2021) investigate that the environment is being affected by the rising financial development for the period 1991 to 2017. Study reveals that financial development has a disadvantageous impression on environmental damage and so it is proposed to develop the financial sectors further in order to get more desirable results in the development of the environment. Furthermore, Ahmed et al. (2020) contends that as financial development increases, environmental quality improves and that it is vital to continue financial development to enable a cleaner environment.
However, the neutral association between financial development and environmental degradation, observed in the study of Chen et al. (2019), evaluates the role of financial development on environmental degradation using yearly data from 16 CEE countries from 1980 to 2016. Although other variables examined in this report exhibit substantial relationships, the study’s findings indicate that there is no substantial evidence that financial development is damaging the environment. Furthermore, for Saudi Arabia, Xu et al. (2018) for the period 1971 to 2016 highlights neutral association between FD and ED. For the case of BIRCS, Haseeb et al. (2018) assess the effect of financial development on energy consumption, globalization, economic growth, and urbanization using the Environmental Kuznets Curve (EKC) model from 1995 to 2014. Based on this study, there is a bidirectional causal relationship between financial development and carbon dioxide emissions, energy consumption, and economic boom. For Srilanka, Asumadu-Sarkodie and Owusu (2016) addressed the research interest of how financial development impacts environmental decay in Sri Lanka using data from 1971 to 2012.
Hypothesis-1: Financial development has a detrimental effect on environmental quality.
2.2 FDI and environmental degradation/carbon emission
The first domain of literature revealed that FDI has a detrimental effect in establishing the environmental quality (Ahmad et al., 2020; Abdouli and Hammami, 2017; Pazienza, 2015; Baek, 2016; Solarin et al., 2013). For instance, Musah et al. (2022a) analyze the concern of FDI impacting environmental adversities by analyzing data from G20 countries between 1992 and 2018. According to studies, as FDI rises will results in carbon dioxide emissions rise in some countries. In order to lower carbon dioxide emissions, stimulate the local economy, and enhance environmental quality, these findings suggest that green urbanization policies be applied. In the case of Chinese provincial data, Wang et al. (2021) explore the basal system and evidence of how FDI is impacting carbon emission in 30 provinces in major lands in China using panel data ranging from 2004 to 2016. In line with the research, FDI is one of the factors that lead to CO2 emissions in the specified provinces. On policy note, study advocated the ETS can be used to eliminate CO2 emissions, but it can’t have a large impact on foreign direct investment; hence other policies are also included here to serve as a guide(Ma hmood and Furqan, 2021; Manigandan et al., 2022).
Focusing chines economy, Cai et al. (2021) highlights the outward FDI connected with carbon emission in 30 provinces of China (excluding Tibet, Hong Kong, Macao, and Taiwan) from 2005 to 2016. The study’s findings say China’s FDI abroad greatly raises carbon dioxide emissions, so the country ought to provide greater incentives for the introduction of IFDL to improve the environment and manage CO2 emissions. Similar findings can be found in Latief et al. (2021) for SAARC using panel data from 1990 to 2016. In BRICS, Younis et al. (2021) considere a data set from 1993 to 2018. Seker et al. (2015) in the Turkish environment spanning data from 1974 to 2010 and disclose a positive connection between FDI and CO2 emission, even though it is a minimal effect. To address this problem, FDI should only be supported by the economy’s technologically advanced and eco-friendly sectors. Jiang (2015) investigates the effect of flexible FDI on territorial economic expansion on pollution degrading environmental quality using the EKC (Environmental Kuznets Curves) hypothesis across 28 Chinese provinces using data from 1997 to 2012. Findings discloses that FDI contributes to superfluous pollution in the environment, but over time as the economy grows, the emission rate also declines (Ma hmood et al., 2021; Guang-Wen et al., 2022).
Another strands of findings highlight the beneficial role of FDI in achieving environmental sustainability through green energy inclusion, energy efficiency, and technological advancement in the operational process. For example, Mukhtarov et al. (2021) analyze the impact of FDI on CO2 emissions using data from 1996 to 2013 for Azerbaijan using a time series modeling approach. The research specifies that the impact of FDI was positive prior to 2006 but eventually, after 2006 till 2013, the impact was negative on carbon dioxide discharge, and so there is a diverse effect of FDI on carbon dioxide emission, which has been discussed throughout this paper. Abban et al. (2020) investigate the relationship of FDI with economic growth and energy intensities with carbon dioxide emission in BRI (Belt and Road) countries from 1995 to 2015. Results explain that FDI and CO2 emissions had a bidirectional causal link across all income categories. The empirical findings also highlight a few crucial measures. Ahmad et al. (2020) inquire about the effect of 29 provinces’ Chinese outward FDI on domestic CO2 emissions using panel data from 2003 to 2016. Following the findings, outside FDI increased environmental pollution due to the scale effect, but by maximizing modern domestic technology and industrial diversification, outward FDI improved environmental quality. The paper makes rational recommendations for the authorities to adopt. Summary survey displayed in Table 2.
TABLE 2 | Literature summary: FDI-led environmental degradation.
[image: Table 2]Hypothesis-2: inflows of FDI prompt the environmental sustainability.
2.3 Institutional quality and environmental degradation
Well-performing institutions foster sustainable economic growth by ensuring equitable development in every corner of society. Moreover, institutions established governmental effectiveness, resource reallocation, and environmental protection in the market-based economy. Additionally, individual and social behavior toward society is purely governed by the established rules, laws and regulations, which is the ultimate contribution of effective and efficient institutions (Mahmood, 2022a; Qamruzzaman, 2022a; JinRu and Qamruzzaman, 2022; Xaisongkham and Liu, 2022). Kirkpatrick and Parker (2004) advocate that good governance has a catalyst in economic transition, indicating the promotion of industrialization with the inclusion of environmental protection through lowering the degree of CO2. The effects of good governance in the process of achieving environmental sustainability can be detected through either direct/or indirect channels. Kha H. et al. (2021) xpress concern about ED by grinding the relationship between environmental parameters relating to institutional quality and technological advancement using panel data from 2002 to 2018. The study unveils several institutional quality factors to account for environmental carbon dioxide emissions. Focusing on developing nations for 1991–2017, Azam et al. (2021) highlight the institutional quality influences carbon dioxide and ethane emissions as it positively impacts energy usage in the context of oil and petroleum product assets, which is influenced by the political steadiness, regulatory constraint, and democratic accountability. Economic globalization has yet to improve natural quality in developing nations. for Emerging Markets and Developing Economies (EMDEs), Le and Ozturk (2020) for the period 1990 and 2014 reveals that as governmental operations induces CO2 emissions and intensify environmental degradation. Therefore, it is recommended that good governance be ensured while considering other concerns to lessen pollution problems. See Table 4 for details survey.
For the case of Chile, Udemba (2021) discuss the climate change issue using data from 1984 to 2018 and ways to manage ED by forming a nonlin-ear assessment. Asymmetric connection between institutional quality and carbon emission, providing both positive and negative shocks. Results show that institutional quality has negatively impacted carbon emissions, which is vital for addressing the issue of climate change. Furthermore, Khan et al. (2022) investigate environmental degradation and how it is related to the role of good institutional quality in 176 countries collecting data from 1995 to 2015. The study’s findings suggest quality institutions are responsible for a quality environment by reducing carbon emissions and pollution, so it is recommended to monitor institutions and other included aspects in a better approach to improve the overall environment. A similar line of findings can be observed in the literature posted in the study of Hussain and Dogan (2021), Haldar and Sethi (2021), Salman et al. (2019), Mahmood (2022b) and Wawrzyniak and Doryń (2020). In the case of the south Asian economy, Zakaria and Bibi (2019) for the period 1984 to 2015 expose that institutional quality has a negative interaction with CO2 emissions; however, since environmental quality has improved attributable to financial development, the technological impact should be given priority to resolving this issue. Ibrahim and Law (2016) investigated SSA from 2000 to 2010 and highlighted that institutional quality has potentially brought down carbon dioxide emissions while promoting environmental quality. The supporting evidence was available in the literature offered by Ahmed et al. (2020), Shah et al. (2020) and (Samimi et al., 2012) for the MENA region, spanning annual data from 2002 to 2007. The study documented that, relying on panel data regression analysis, effective governance improves environmental quality, and necessary policies are also mentioned. However, the neutral effects can be documented in the stud of Mehmood et al. (2021), Alam et al. (2022), and Egbetokun et al. (2019). Table 3 displayed the summary of literature survey.
TABLE 3 | Summary literature survey: IQ –led ED.
[image: Table 3]Hypothesis-3: Governmental effectiveness positively tie to environmental quality.
2.4 Technological innovation and environmental degradation
Technological innovation (TI) is crucial for reducing emissions and helping to preserve energy. Moreover, TI is crucial to use both traditional and RE energy sources effectively. New forms of renewable energy (RE) may also be easier to produce with the help of TI. The potential for RE supply to fulfill future energy demand has been increased due to technological advancements that have increased RE capacity. It stands to reason that RE, as a renewable and non-polluting energy source, will grow significantly as the world’s energy demands continue to increase. We found a treasure trove of information about the effect of renewable energy on air quality. Most research has shown that increasing the amount of renewable energy used in the total energy mix is the most effective way to reduce carbon dioxide emissions. Technological integration assists in environmental improvement through the reduction of carbon intensity with operational efficiency (Ullah et al., 2021; Ma et al., 2021; Chien et al., 2021; Adebayo et al., 2021; Chen and Lei, 2018; Li and Wang, 2017). It has been proven that the purpose of carbon offsetting may be supported by higher energy expenditures, technical innovation, renewable energy use, research and development investment, and tax payments on carbon emissions. Those who require a citation: in the case of chins economy, Xinmin et al. (2020) assess TI-led ED for the period 1990 to 2018. The marginal effects suggest that trade openness and technological progress reduce CO2 emissions; however, in the Chinese scenario, technology adoption and GDP augment carbon dioxide emissions. Lag periods of TI are strongly related to CO2. Consequently, a rise in technological innovation will assist in lowering carbon dioxide emissions. A similar line of association was posted in the literature by Ibrahiem (2020) in Egypt, taking data from 1971 to 2014. Shahbaz et al. (2020b) for China’s carbon emissions using time series data from 1984 to 2018. For the case of N11 nations, Sinha et al. (2020) discovered that technological advancement in the direction of the Sustainable Development Goals was the key engine of sustainable environmental development.
The study of Adebayo and Kirikkaleli (2021) sheds additional insight on the relationship between CO2 technical advancements, renewable energy, and carbon dioxide emissions in Japanese innovation and globalization through wavelet statistical techniques using a database that spans the years 1990 to 2015. According to empirical wavelet analysis results, Japan’s CO2 emissions are rising due to globalization, GDP growth, and technological advancements. Another study conducted by Villanthenkodath and Mahalik (2022) assess the correlations between technological advancement and environmental quality in India using annual data from 1980 to 2018. The results show that, when considering how carbon dioxide emissions work, technological advancement and economic boom negatively impact India’s environmental quality over time through increasing CO2 emissions. Chen and Lee (2020) seek to confirm the impact of the technology-environmental innovation indicator system on the carbon dioxide emissions of 30 Chinese transportation industries by decoupling elasticity and econometric models spanning data from 2001 to 2016. The most substantial effect on the transportation sector’s CO2 emissions is made through technological innovation. In a study, Chen and Lee (2020) postulate that TI works more to reduce pollution in countries with higher levels of globalization. Hence, environmental protection awareness in social globalization should get more attention. Du et al. (2019) discover that innovations in green technology do not considerably reduce CO2 emissions for economies with income levels below the threshold. In contrast, they have a considerable mitigation effect for those with income above the threshold. Details summary literature displayed in Table 4
TABLE 4 | Summary literature survey: TI-led ED.
[image: Table 4]Hypothesis-4: Ethnological innovation fosters the process of environmental development.
3 DATA, THEORETICAL SPECIFICATION AND ESTIMATION STRATEGY
3.1 Variables definition
The present study intends to assess the effects of financial development, FDI, governmental effectiveness and technological innovation on Environmental degradation in Arab countries 1. A panel of 21 (Twenty-one) countries has been considered for empirical assessment.
As an explained variable, environmental degradation is measured by carbon emission and ecological footprint following the existing literature (Kha H et al., 2021; Gao et al., 2021; Shahbaz et al., 2021; Ansari, 2022). On the other hand, explanatory variables include financial development, which is proxied by the construction of FD through the execution of PAC. Financial development is the second explanatory variable measured by the financial development Index. Existing literature has posted two lines of proxies in documenting the FD in the equation: using single variables and considering the index with implementing PCA (Musah et al., 2022b). In this study, we follow the second line of evidence that the FD Indexed has constructed through the implementation of PCA and the results displayed in Table 5
TABLE 5 | Results of PCA for FD index construction.
[image: Table 5]FDI is measured by the inflows of inward FDI as a percentage of GDP, governmental effectiveness proxies by the governmental effectiveness, which is extracted from WGI, and finally, the no of the patent application measures the technological innovation by residents. The definition and proxies of explained and explanatory variables have posted in Table 6.
TABLE 6 | Variables proxies.
[image: Table 6]3.1.1 Empirical equation
Based on the theoretical construction and existing literature focusing the environmental degradation, we posted the general equation as follows:
[image: image]
[image: image]
Where ED, EF, CO2. FD, FDI, GG, and TI denotes environmental degradation, financial development, foreign direct investment, good governance and technological innovation. All the research variables are transformed into natural logarithms and reproduced in the regression format in the following manner.
[image: image]
[image: image]
Where the coefficients of [image: image] explain the elasticities of explanatory variables on EF, which CO2 measures, and the coefficients of [image: image] denotes the impact on EF, which is proxied by ecological footprint.
3.2 Estimation strategy
3.2.1 Cross-sectional dependency and slope of homogeneity test
The section on appropriate econometric techniques significantly relies on the research unit’s inherent attributes, and the conventional techniques are incapacity of handling the heterogeneity and cross-sectional dependency. Thus, we implemented CSDT following Pesaran (2004), Pesaran (2006), and Pesaran et al. (2008); for test statistics, the following equations have been executed accordingly.
[image: image]
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3.2.2 Panel unit root test
Second-generation panel unit root tests have implemented over conventional ones due to the capacity to address the CSD issue in documenting the variables’ order of integration. For stationary tests, we implemented the framework offered by Pesaran (2007), widely known as CIPS and CADF. The test statistic for the null hypothesis test is to be derived by executing the following equation.
[image: image]
[image: image]
[image: image]
Where the parameter [image: image] explain the test statistics of CADF, which can be replaced in the following manner:
[image: image]
3.2.3 Panel cointegration test
Before implementing the target model for exploring the vectors of explanatory variables on explained variables, we focused on assessing the possible long-run association between ED, FDI, FD, GG and TI. For long-run cointegration, we follow the novel PCT introduced by Westerlund (2007), which can absorb the CSD and SHT and offer efficient estimation. The following equation is to be implemented for long-run cointegration.
[image: image]
The WECPCT has produced two groups of statistics consisting of test statistics for group statistics, i.e., [image: image] and panel statistics, i.e., [image: image], which can be extracted by executing the following equation.
[image: image]
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3.2.4 CSARDL
Considering the results of CDST and SHT, the present study intends to adopt efficient and robust techniques for elasticity’s documentation and, most importantly, produce unbiased estimation in the presence of cross-sectional dependency and heterogenetic attributes in the research units. The present study has implemented the target model following the framework familiarized by Chudik and Pesaran (2015), commonly known as CSARDL. The above Eqs 2a, 2b can be reproduced in the following manner.
[image: image]
[image: image]
Where [image: image] [image: image], [image: image] Exhibits the CSA of explained and explanatory variables, [image: image], [image: image] and [image: image] explained, [image: image] denotes the coefficients of CSA of explanatory variables on explained variables.
3.2.5 Asymmetric ARDL
In recent literature, a growing number of studies has extensively employed the nonlin-ear framework familiarized by Shin et al. (2014) for documenting the asymmetric coefficients that are positive and negative series of explanatory variables on explained variables (Qamruzzaman and Jianguo, 2020; Yang et al., 2021; Mensah and Abdul-Mumuni, 2022; Qamruzzaman et al., 2022). Considering the economic stricture and globalization effects on the economy, we purposively constructed and implemented the following asymmetric equation for exploring the asymmetric effects of explanatory variables, which is [image: image].
[image: image]
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The positive and negative series can be derived by implementing the following equations.
[image: image]
4 ESTIMATION AND INTERPRETATION
Before executing the target equation, the selected research variables passed through several elementary assessment in documenting the inherent properties such as cross-sectional dynamic and homogeneity. The results of CDST and SHT are displayed in Table 7. Referring to test statistics derived from CDST, it is revealed that selected variables have shared certain common dynamics, implying research variables are cross-sectional dependent. At the same time, the test statistics derived from SHT for establishing the heterogeneity with the null hypothesis of homogeneity. SHT rejects the null hypothesis and confirms the heterogeneity attributed.
TABLE 7 | Results of CST and SHT.
[image: Table 7]Next, considering the results of the CDST, study moves in assessing the variables’ order of integration by employing the Panel Unit root test (PURT) by following CIPS and CADF. The results of PURT exhibited in Table 8. The test statistics exported from CIPS and CADF exhibit the rejection of the null hypothesis of unit root with the first difference operation, alternatively indicating that the variables become stationary after the first difference.
TABLE 8 | Results of PURT.
[image: Table 8]Table 9 exhibits the test statistics for assessing the long-run cointegration by employing Westerlund (2007) error correction-based cointegration (WECCT). The test group statistics are in Gt and Ga, and the panel statistics are in Pt and Pa, respectively. In terms of statistical significance, it is found that all the test statistics are statistically significant at a 1% level, implying a stable long-run cointegration in Eqs 1, 2. Moreover, the robustness test with Kao and padroni cointegration exposed similar conclusions found in WECCT. Once the long-run association has established, we concentrates on exploring the cointegration vector of explanatory variables in the long and short run.
TABLE 9 | Results of PCT.
[image: Table 9]4.1 Long-run and short-run coefficient: CSARDL
Following, the empirical equation formulated following Chudik and Pesaran (2015) in revealing the long-run and short-run coefficients. The exported coefficients displayed in Table 10 which includes the long-run coefficients in Panel –A the short-run coefficient in Panel –B and the symmetry and residual diagnostic test in Panel –C respectively. Furthermore, the results displayed in column [1] with ED proxied by carbon emission and in column [2], where ED is measured by ecological footprint. The key findings are as follows.
TABLE 10 | Results of CSARDL.
[image: Table 10]First, the coefficients of financial development revealed a positive connection with environmental degradation in both model estimations in the long run (short-run). Study findings are suggesting that credit accessibility in the economy has detrimental effects on the environment. Our findings are supported by the existing literature but confront the finding posted by Creane et al. (2004) and Claessens and Feijen (2007). In the long run, 0.1471% of excess carbon emissions and 0.1184% of ecological degradation can be intensified due to credit accessibility in the economy for industrial development. Additionally, in the short run, the environmental degradation in terms of carbon emission and ecological depreciation can be exaggerated by 0.0628% and 0.0314% with a 1% changes in financial development. Study findings are advocating the credit facilities in the financial system for industrial and energy development without environmental protection support the economic progress with a cost of environmental degradation.
Second, a contributing effect of FDI in ensuring environmental sustainability has documented that is the reduction of carbon emissions in the environment and ecological justification can be attained with the presence of technological advancement which is one the underlying benefits of FDI receipts, especially in the long run. Particularly, an adverse linkage was revealed between inflows of FDI and carbon emission (a coefficient of −0.0875) and ecological footprint (a coefficient of −0.1593). More precisely, a 1% acceleration in FDI inflows will amplify environmental sustainability by controlling CO2 emission by 0.0875% and ecological correction by 0.1593%. In the short-run, the elasticity’s of FDI unveiled positively associated with environmental quality, that is, reduction of CO2 (a coefficient of 0.0221) and ecological footprint (a coefficient of 0.0197). Our findings are supported by the literature (Sabir et al., 2020) but stand against the literature offered by Shahbaz et al. (2018). In terms of coefficients of inflows of FDI advocated that the transfer of technological know-how in the host economy support energy efficiency and operational development, at large assist in lowering the GO2 emission intensity.
Third, a positive nexus is disclosed between good governance and ED, proposing that good governance increases the society’s environmental awareness and induces a lower degree of CO2 emission and ecological correction. The beneficiary role of GG on ED has been supported by empirical studies (Samimi et al., 2012; Omri and Ben Mabrouk, 2020). Expressly, a 1% change in GG results in improved environmental quality by lowering the carbon emission by −0.1031% and ecological footprint by −0.1593% in the long run. Furthermore, in the short-run, the ED has controlled through CO2 emission contraction by −0.0268% and ecological footprint by −0.0550%. In terms of GG elasticity in the long-run and short-run assessment, it is apparent that the beneficial role of GG on environmental advancement is more obvious in the long run in comparison to the short-run. The possible reason is that good governance ensures socioeconomic stability by effectively enforcing overall social and economic protection, including environmental degradation, eventually inducing quality of the environment.
Fourth, technological innovation uplifts the environmental quality enhancement, implying that environmental degradation has a negative tie with technological innovation. Inferring the coefficients of TI in the long run (short-run), it is apparent that the present state of environmental status can be improved by lowering the CO2 injection in the ecosystem and ecological footprint. In particular, a 1% change in IT will improve environmental quality by limiting CO2 by 1.755% (0.159%) and ecological footprint by 1.469% (0.734%). Technological gradation in the industrial process has positive effects and supports achieving sustainability; technological innovation fosters environmental protection by lowering the degree of carbon emission in the ecosystem and protecting the ecological imbalance by controlling the waste emitted into the environment.
4.2 Asymmetric long-run and short-run coefficients: NARDL
The asymmetric coefficients of financial development (FD), foreign direct investment (FDI), good governance (GG), and technological innovation () on environmental degradation. The results in col [3] and [4] in Table 11 deal with the ED measures by carbon emission and ecological footprint. Referring to the symmetry rest see Panel –Cwith the standard Wald test, it is apparent that all the test statistics, i.e., [image: image], ave exposed statistically significant at a 1% level, suggesting the rejection of the null hypothesis of symmetry. Alternatively, there is an asymmetric association between explained and explanatory variables in the long and short-run. The key outcome from the asymmetric assessment is stated below.
TABLE 11 | Asymmetric assessment: ED| FD+/-, FDI+/-, GG+/-, TI+/-.
[image: Table 11]First, in terms of asymmetric coefficients of financial development ([image: image] on ED disclosed a positive statistically significant connection in the long-run and short-run, which is valid for both model estimations. In the long run, a 1% positive (negative) change in financial development will result from the expedited (control) the environmental degradation [image: image] and [image: image]. Moreover, in the short-run, the environmental degradation has amplified (lesser) by [image: image] and [image: image] due to a 1% increase (decrease) in FD. According to the asymmetric elasticities of FD on ED, the study postulated that controlled financial development has deterrent effects in managing the environmental depletion process. Effective environmental protection for project financing through credit extension has amplified green innovation and technological advancement, especially in operation. The credit facility with the environmental association eventually prompts environmental sustainability.
Second, the asymmetric coefficients of FDI ([image: image]) on ED disclosed negative and statistically significant at a 1% level in the long and short-run assessment. In the long run, the environmental degradation can be managed (increased) by lessening the degree of CO2 emission by −0.1892 (−0.1769%) and ecological instability by −0.1964%(−0.2076%) through fostering (degrading) the inflows of FDI. Furthermore, the short-run exposed that positive (negative) innovation in FDI deals with improving environmental quality through condoling the CO2 and improving the ecological ambiance.
Third, the asymmetric shocks of good governance on environmental degradation revealed negatively associated, suggesting the contributing role in improving the environmental quality through managing CO2 emission and ecological footprint. In particular, a 10% improvement (decline) in good governance, in the long run, will result in the control of ED with the reduction (increment) of CO2 by −1.622% (1.645%) and ecological footprint by 1.393% (1.653%). In the short-run, a positive (negative) innovation in GG improves (degrades) the environmental sustainability through the reduction (acceleration) of carbon emission and ecological instability, but the coefficients elasticity has been found less significant in comparison to long-run assessment. Referring to the magnitudes of asymmetric coefficients of GG, it is obvious that effective institutional quality is imperative in ensuring environmental security by contributing to efficient energy inclusion and operational development in light of lesser carbon concentration (Li u et al., 2022).
Fourth, the asymmetric nexus between technological innovation ([image: image] and ED established a positive linkage between them, suggesting TI in the economy swift environmental excellence and ensure sustainability. More precisely, technological innovation in the industrial process manages the CO2 and wastage emission in the ecosystem and energy efficiency, which eventually support environmental protection. In particular, a 1% positive (negative) variation in TI causes environmental development (further degradation) through the reduction (acceleration) of CO2 by 0.2611% (0.1902%) and ecological footprint by 0.1715% (0.1588%). According to the elasticity of asymmetric shocks in IT, the study disclosed. Technological advancement significantly affects environmental adversity because energy efficiency and operational excellence ensure the reliance on clean energy, which leads to environmental development, especially in the long run (Li et al., 2019).
Next, the empirical Eqs 1, 2 has implemented following the framework proposed by Eberhardt (2012) commonly known as AMG and Correlated Effect Mean Group (CCEMG) by Pesaran (2006) methods for confirming the robustness in the long-run coefficient. The results of AMG and CCEMG estimation are displayed in Table 12. The coefficient sign of explanatory variables confirmed the empirical estimation robustness and efficiency in model construction. More precisely, the estimated results from AMG and CCEMG established a similar line of association between FD, FDI, GG, TI and ED.
TABLE 12 | Results of AMG and CEEMG.
[image: Table 12]4.3 Directional causality: Linear and Nonlinear effects of explanatory variables
The directional causality between FDI, FD, GG, CL and ED has been assessed through the causality framework familiarized by Dumitrescu and Hurlin (2012) and Table 13 reported the test statistics, i.e., W-stat. And Zbar-Stat, for casual assessment. In terms of casual linkage, the study established bidirectional causality between financial development and environmental degradation, i.e., FD←→CO2; FD←→EF. The literature supports this by Shujah ur et al. (2019), Zhao and Qamruzzaman (2022), and Aluko and Obalade (2020), foreign direct investment and environmental degradation, i.e., FDI←→CO2; FDI←→EF, which is in line with the literature. Furthermore, the unidirectional causality documented explains the causal association between good governance and environmental degradation [GG→CO2; EF→GG] and clean energy and environmental degradation [CE→CO2; CE→EF].
TABLE 13 | DH-causality test.
[image: Table 13]In the next, the causal association has extended with the asymmetric decomposition of explanatory variables and results of asymmetric D-H causality displayed in Table 14.
TABLE 14 | Results of asymmetric DH causality test.
[image: Table 14]5 DISCUSSION
The coefficient of financial development revealed positive statistically significant at a 1% level, suggesting that financial development contributes to adverse effects on environmental degradation, validated in CO2 and EF as a proxy of ED. Our study findings align with existing literature (Adams and Klobodu, 2018; Shujah ur et al., 2019; Muneeb et al., 2022) but contrast with the study findings revealed in the study of Aluko and Obalade (2020). According to these findings, increasing the size of the financial system negatively affects the environment since it results in greater amounts of carbon emissions. It also demonstrates that the size of financial intermediation has a higher influence on carbon emissions than financial development indicators but a lower impact on efficiency. This is shown by the correlation between the two is positive. The findings indicate that the indicators of the stock market have a significant impact on carbon emissions; nevertheless, they are not adequate measurements of the expansion of the financial system. The results of the research indicate that foreign direct investment (FDI), in comparison to other indicators of economic development, seems to have a lesser influence on emissions of greenhouse gases (Li et al., 2022).
In terms of FDI elasticity’s derived through the implementation of an empirical model with CSARDL and NARDL, it established an amplifying role towards environmental sustainability, suggesting the adverse association between FDI and environmental degradation measured by CO2 and iconological footprint. The study findings align with the literature (Zhu et al., 2016) but disagree with the findings offered by Mia et al. (2014), Chenran et al. (2019), and Paramati et al. (2021). Referring to the FDI elasticities from the CSARDL investigation, the study advocated a 10% change in the FDI in the sample nations will augment the environmental sustainability through the contraction of CO2 emission by 0.875% (0.221%) and ecological progress by 1.058%(0. 197%). Furthermore, asymmetric assessment suggested a 10% positive (negative) variation in FDI results in control (amplification) in environment sustainability (degradation) in terms of CO2 injection by1.892% (1.769%) and ecological imbalance by 1.964% (2.076%). FDI may affect environmental sustainability regarding CO2 reduction via size, method, and composition influences. According to the scale effect, greater degrees of economic liberalization may result in a rise in carbon dioxide emissions due to the influence of foreign direct investment on economic activity. This is due to the scale effect, which asserts that increasing degrees of economic liberalization may increase carbon dioxide emissions. The liberalization of the economy leads to an increase in total output, which in turn leads to an increase in total energy consumption, which has a negative impact on environmental quality as a result of an increase in carbon emissions (Pazienza, 2015; Andriamahery and Qamruzzaman, 2022; Qamruzzaman, 2022b; Hamid et al., 2022; Liu and Ma, 2022; Zhuo and Qamruzzaman, 2022). According to Shahbaz et al. (2020b), the relationship between foreign direct investment (FDI) and greenhouse gas emissions is contingent on the relationship between FDI and economic development.
Studies revealed that institutional quality has positive effects on environmental development. Alternatively, effective and efficient economic institutions foster environmental protection by reducing CO2 emissions in the ecosystem and augmenting ecological stability. Our study findings are supported by the literature (Gani, 2012; Miao and Qamruzzaman, 2021). Expressly, a 1% change in GG results in improved environmental quality by lowering the carbon emission by −0.1031% and ecological footprint by −0.1593% in the long run. Furthermore, in the short-run, the ED has controlled through CO2 emission contraction by −0.0268% and ecological footprint by −0.0550%. In terms of GG elasticity in the long-run and short-run assessment, it is apparent that the beneficial role of GG on environmental advancement is more obvious in the long run in comparison to the short-run. The possible reason is that good governance ensures socioeconomic stability by effectively enforcing overall social and economic protection, including environmental degradation, eventually inducing quality of the environment. Kirkpatrick and Parker (2004) advocated that good governance has a catalyst role in economic transition, indicating the promotion of industrialization with the inclusion of environmental protection through lowering the degree of carbon emission (CO2). The effects of good governance in achieving environmental sustainability can be detected either through a director/indirect channel. In terms of direct influence of institutional quality on environmental degradation can be observed with the effective implementation of rule of law, postulating that society with direct guidance and strict instruction focusing on environmental rules and penalties in case of disobey injects pressure for the industry to consider any operational decision. Moreover, effective institutions protect investor interests and property rights, which offers firms for capitalizing the opportunity for earning maximization with the assurance of environmental protection(Li and Qamruzzaman, 2022; Xia et al., 2022; Zhuo and Qamruzzaman, 2022)
Fourth, Inferring to the coefficients of TI in the long-run (short-run), it is apparent that the present state of environmental status can be improved by lowering the CO2 injection in the ecosystem and ecological footprint, indicating that technological innovation uplift environment degradation, implying the environmental degradation has a negative tie with technological innovation. In particular, a 1% change in IT will improve environmental quality by limiting CO2 by 1.755% (0.159%) and ecological footprint by 1.469% (0.734%). Technological gradation in the industrial process has positive effects and supports achieving the environment sustainably. Technological innovation fosters environmental protection by lowering the degree of carbon emission in the ecosystem and protecting the ecological imbalance by controlling the waste emitted to the environment.
6 CONCLUSION AND POLICY SUGGESTIONS
The motivation of the study is to gauge the effects of financial development, FDI, governmental effectiveness and technological innovation on environmental degradation in Arab Nations for the period 1995-2018. For evaluating the empirical nexus and documenting the elasticity’s of explanatory variables on environmental degradation, the study has implemented a slop of homogeneity test, cross-sectional dependency test, panel unit root test following CIPS and CADF and error correction based panel cointegration test. The long-run and short-run coefficients have been documented through CS-ARDL and Nonlin-ear ARDL. Finally, the directional association is exposed by executing the D-H causality test. The key findings are as follows.
First, referring to the SHT and CSD test results, the study revealed that research units had shared certain common dynamics with heterogeneity properties. Additionally, the results of CIPS and CADF established variables order integration after the first. The cointegration test following error correction residual based confirmed the long-run association between explained and explanatory variables.
Second, Referring to the long-run and short-run elasticity’s extracted from CS-ARDL, it is apparent that financial development has a detrimental effect on environmental sustainability, suggesting the augmentation of CO2 emission and ecological instability with the credit facilities for industrial progress. At the same time, the coefficients of FDI, GG, and TI have exposed beneficial effects in mitigating environmental adversity.
Third, the study implemented a nonlin-ear framework for documenting the asymmetric shocks of FD, FDI, GG and TI on ED. Inferring the test statistics derived from a Wald standard test, it is apparent that asymmetric effects run from explanatory variables to environmental degradation, which CO2 and ecological footprint measure. Referring to revealed long-run and short-run asymmetric effects, the study unveiled positive and statistically significant association between FD and ED, while negative and statistically significant linkage exposed FDI, GG, and TI with ED. A study suggests that control of financial benefits for industrial development and environmental policies can boost environmental development. On the other hand, inflows of FDI, better institutional presence and technological innovation are revealed as a catalyst and beneficial for environmental improvement.
Fourth, the directional association, the test statistics exposed bidirectional causality between FDI, TI and ED [FDI←→ED; TI←→ED]. Furthermore, the asymmetric causality exposed feedback hypothesis holds in highlighting the causal association between ED←→ [image: image]; ED←→ [image: image]; ED←→ [image: image].
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Domestic credit by financial institutions % of GDP DCF %

Broad Money BM %

Growth of Broad Money BMG %
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Khan et al. (2021a) World Bank database (2000-2019) GMM model +ve nfa

Azam et al. (2021) P developing countries (1991-2017) | SYS.GMM, GMM, TSLS +ve n/a

Le and Ozturk (2020) 47 EMDESs (1990-2014) CADE and CIPS +ve 1Q-CO,

Xaisongkham and Liu (2022) | 115 developing nations (2002-2016) SYS-GMM estimators. -ve nfa

Udemba (2021) Chile (1996Q1 to 2018Q4) NARDK -ve nfa

Khan et al. (2022) 176 countries (1995-2015) OLS model, GMM model -ve nfa

Hussain and Dogan (2021) | BRICS (1992-2016) ARDL -ve na

Haldar and Sethi (2021) 39 developing countries (1995-2017) MG, AMG, CCEMG, GMM, FMOLS, -ve n/a

Salman et al. (2019) East Asian countries (1990-2016) EMOLS, DOLS, VECM granger causality | -ve 1Q—Carbon emission
test

(Wawrzyniak and Doryi, 93 emerging and developing countries GMM estimation -ve nfa

2020) (1995-2014)

Zakaria and Bibi (2019) South Asia (1984-2015) 2 LS, GLS. ve nla

Ibrahim and Law (2016) 40 Sub-Sahara African countries (2000-2010)  GMM estimator, dynamic panel model | -ve nla

Ahmed et al. (2020) Pakistan (1996-2018) ADF, PP, ARDL, NARDL, ECM e nfa

Shah et al. (2020) D-8 countries (1990-2016) ARDL, EMOLS, DOLS -ve 1Q—Carbon emission

Samimi et al,, 2012 21 MENA countries (2002-2017) panel data regression analysis ve nla

Mehmood et al. (2021) Pakistan, India, Bangladesh (1996Q1-2016Q4  ARDL indifferent | India, BD: Q=—CO,

emission
Egbetokun et al. (2019) Nigeria (1970-2017) EKC model indifferent | n/a
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Adebayo and Kirikkaleli (2021) Japan (1990Q1-2015Q4) series of wavelet tools, PWC +ve

Villanthenkodath and Mahalik (2022) India (1990-2018) ARDL +ve [

Chen and Lee. (2020) 30 Chinese transportation industries (2001-2016) SGMM +ve n/a

Ullah et al. (2021) Pakistan (1990-2018) Linear ARDL model, NARDL ve

Ma et al. (2021) 30 Chinese provinces (1995-2019) CS-ARDL ve na

Chien et al. (2021) Pakistan (1980-2018) QARDL ve TI——ED
Adebayo et al. (2021) South Korea (1980-2018) ARDL ve TI-CO,
Xinmin et al. (2020) China (1980-2018) ARDL -ve n/a
Ibrahiem (2020) Egypt (1971-2014) RDL, FMOLS, DOLS ve TI—ED
Shahbaz et al. (2020b) China (1984-2018) DARDL ve TI~ED
Sinha et al. (2020) NI countries (1990-2017) QREG ve IT——ED
Chen and Lei (2018) 30 global countries (1980-2014) panel quantile regression -ve n/a
Liand Wang (2017) 95 countries (1996-2017) Quantity model, SBM ve nla

Chen and Lee (2020) 96 countries (1996-2018) spatial econometric models indifferent n/a

Du et al. (2019) 71 countries (1996-2012) Panel threshold model indifferent Tl €O,
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Ahmad et al. (2022b) ASEAN regions (2000-2019) CIPS, CADF, PMG-ARDL +ve na
Rjoub et al. (2021) Turkey (1960-2016) | Unit oot test, ARDL, FMOLS, DOLS, CCR | +ve na
Ahmad et al. (20222) Emerging economies (1984-2017) CS-ARDL +ve FDZED
Alabi et al. (2021) Sri Lanka (1971--2014) ARDL +ve FDZED
Nawaz et al. (2020) | ASEAN countries (2008-2015) CIPS and CADF, PMG, DOLS, EMLOS +ve n/a
Shahbaz et al. (2020a) UAE (1975Q1-2016Q4) structural break and cointegration tests +ve FD—CO,
Ali et al. (2019) [ Nigeria (1971-2010) ARDL +ve n/a
Hundie (2018) Ethiopia (1970-2014) ARDL +ve FD—CO,
Ali et al. (2015) Pakistan (last 2 decades as per research published year) | Carbon emission model. +ve FD?ED
Xueet al. (2018) Saudi Arabia (1971-2016) ARDL, VECM +ve FDe——ED
Haseeb et al. (2018) BRICS countries (1995-2014) CIPS, CADF, DSUR +ve FDe——ED
Asumadu-Sarkodie and Owusu (2016) | Sri Lanka (1971-2012) ARDL, neutral network +ve FD—ED
Wang et al. (2020) NI1 countries (1990-2017) CIPS, CADF, CCCEMG. +ve na
Li et al. (2021) 43 BRI regions (1991-2017) robust mean group, ve n/a
Ahmed et al. (2020) Pakistan (1996-2018) ADF, PP, ARDL e na
Khan et al. (2021b) 184 countries worldwide (1990-2017) SUR, GMM model -ve na
Salahuddin et al. (2015) | GCC countres (1980-2012) DOLS, FMLOS, DEE e +
Chen et al. (2019) CEE countries (1980-2016) DSUR neutral | #






OPS/images/math_9.gif





OPS/images/fenvs-11-1094976-t002.jpg
Author Sample (Frequency) Methodology Effect Causality

Musah et al. (2022a) G20 countries (1992-2018) CSARDL +ve -

Wang et al. (2021) 30 provinces in major lands in China (2004-2016) TREG +ve N/A

Cai et al. (2021) 30 provinces of China [excluding Tibet, Hong Kong, Macao, and Taiwan] (2005-  NARDL +ve N/A

2016)

Latief et al. (2021) SAARC (1990-2016) DOLS,VECM +ve -

Younis et al. (2021) BRICS (1993-2018) GMM we | we

Abban et al. (2020) BRI countries (1995-2015) PCT, DH-causality +ve -

Ahmad et al. (2020) 90 belt and road countries (1990-2017) OLS, DH causality test +ve FDI-ED

Abdouli and Hammai 17 MENA countries (1990-2012) SVAR +ve EDI-ED

(2017)

Back (2016) 5 ASEAN countries (1981-2010) PMG +ve nfa

Seker et al. (2015) Turkey (1974-2010) Hatemi-J test, ARDL, ECM +ve FDI-CO,
model

Jiang (2015) 99 low, medium and high-income economies (1975-2012) Perpetual inventory +ve n/a
method (PIM)

Jiang (2015) 28 provinces of China (1997-2012) Fixed Effect +ve n/a

Islam et al. (2021) Bangladesh (1972-2016) ARDL we | wa

Zhang et al. (2020) 30 provincial level administrative (2009-2017) TREG ve n/a

Ansari et al. (2019) 29 countries (1994-2014) 1PS, EMOLS, B P

Sung et al. (2018) 28 sub-regions of manufacturing divisions of China (2002-2015) GMM ve n/a |

Mukhtarov et al. (2021) Azerbaijan (1996-2013) SSTM -VE na
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