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Introduction: The literature on the finance–emission nexus offers conflicting conclusions. This study resolves this inconsistency by investigating the symmetric and asymmetric effect of financial development on ecological footprint in South Africa, using the Environmental Kuznets Curve framework as a guide. Given the coexistence of ecological deficits and world-class financial development systems in South Africa, it is essential to explore and evaluate potential solutions to mitigating these deficits. Our empirical analysis contributes to the body of literature on the impact of financial development and ecological footprint by using a comprehensive measure of financial development and disaggregates it into its sub-indices to provide a nuanced analysis.
Method: This study employs the linear auto regressive distribution lag and nonlinear auto regressive distribution lag techniques to explore the complex interactions of financial development and ecological footprint.
Results and Discussion: The findings of this research indicate that financial markets and institutions seem to have varying effects on the ecological footprint. Financial market indices promote environmental quality, while financial institutions exacerbate environmental quality. These results call for policymakers to craft a watertight process that will encourage both financial markets and institutions to allocate capital to projects that are pro-environmental.
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1 INTRODUCTION
The current challenge faced by the global community is the imperative of ensuring the continuity of sustainable development (SD) for both current and subsequent generations. Addressing environmental degeneration has transitioned from low priority into a pressing necessity for global survival Khan et al., (2021). Efforts to prioritise environmental deterioration suggest that global leaders are beginning to recognise and appreciate the interconnectedness between human activities and the planet and the unintended consequences. Shabhaz et al. (2013) argue that the view of environmental degeneration, being a problem of advanced and not emerging nations, remains invalid with respect to consequences. A momentous global rise in economic activities has led to a high demand for natural resources (land, fossil fuels, forests, fish, etc). The situation is so critical that the global footprint network has projected that 80% of global land has reached ecological deficit. Many developing countries are in a similar situation. For example, South Africa ranks 17th out of 185 countries with the highest EF (Global Footprint Network, 2023). Bowa et al., (2019) observe that South Africa ranks first of 15 economies with the highest environmental emissions within the Southern African Development Community (SADC) region.
Several human-related factors that contribute to environmental degradation have been investigated, with a special focus on variables such as energy-consumption patterns. More recently, Adams and Klobodu (2018), Baloch et al. (2019), Godil et al. (2020), Tsaurai (2019) and Ju et al. (2023) have considered financial development (FD) among the crucial factors that are likely to influence environmental degeneration. As more and more countries better financially develop, they are likely to engage in unsustainable practices like the overutilisation of natural resources and environmental pollution. South Africa has taken the drastic step since the 1990s of reorganising the financial sector through a series of supervisory changes and revamps to elevate its financial infrastructure to a higher calibre (Bank of International Settlements BIS, 2012). Furthermore, Shabhaz et al. (2013) and Ilesanmi and Tewari (2019) posit that the financial systems of South Africa are advanced, with highly respected banking regulations rated among the top-ten nations with such sophisticated systems. South Africa clearly presents an interesting place for research, given the international dialogue concerning environmental issues and financial development.
While recent studies have shed more light on the relationship between FD and environmental quality, the findings remain inconclusive, with some studies demonstrating that FD increases environmental quality, whereas others claim that increased FD worsens environmental degradation. Contributing to the inconclusive findings is the fact that many prevailing studies assume a linear relationship between FD and environmental quality. For example, several studies assessing the financial development and ecological footprint nexus in South Africa assume a linear association (Shabhaz et al., 2013; Bekun et al., 2019; Nathaniel et al., 2019; Adebayo et al., 2021). Second, many of these studies rely on conventional measures of financial development (including domestic credit to GDP) and environmental quality (CO2, which only accounts for air pollution).
The contribution of this study is threefold. First, it uses a multi-facet measure of environmental quality, frequently referred to as “ecological footprint”, which considers numerous environmental indices for environment quality as a CO2 proxy. Second, this study also uses a comprehensive measure of FD which offers a more nuanced analysis of financial development by allowing for factors like depth, access, and efficiency across financial institutions and markets, thereby giving specific insights into the different impacts of financial markets and financial institutions on environmental quality in South Africa. Third, this study examines the intricate dynamics that might exist beyond a simple linear relationship by employing ARDL for the linear effects and NARDL for the non-linear effects of FD to produce robust policy suggestions.
The structure of this research is as follows. Section 2 provides the literature review. Section 3 focuses on the technique, modelling, and data to be used. Empirical results and interpretations are explained in Section 4. Section 5 concludes by drawing the implications of the results, recommendations for the policymakers, and the deficiencies of this research.
2 LITERATURE
2.1 Theoretical literature
The connection between FD and EF is multidimensional, with economists far from reaching a consensus as to whether FD exacerbates or improves EF (Awosusi et al., 2022). The view taken by some economists is that FD can reduce EF (UNEP, 2011; Majeed and Mazhar, 2019; Zaidi et al., 2019; Odhiambo, 2020; United Nations Environment Programme; Zhao and Yang, 2020; Akinsola et al., 2021; Hussain et al., 2022; Acar et al., 2023). This view is derived from many theories in this field, such as the Green Growth Theory, which suggests that FD supports and facilitates the expansion of green industries, thus implying that FD lessens EF in diverse sectors of the economy UNEP (2011). The view is also partly underpinned by the ecological modernisation theory; although it is not directly related to the connection between FD and EF, it does point to a certain degree of complementary harmony between FD and environmental protection. A view held by other economists is that FD intensifies EF due to increased economic activity (Adams and Klobodu, 2018; Nathaniel et al., 2019; Tsaurai, 2019; Khan et al., 2021; Yang et al., 2021; Dada et al., 2022a; Hussain et al., 2023). This view is partly premised on a consumerism theory whereby improvement in economic activities can induce consumer behaviour, which in turn exacerbates EF (Pepper et al., 2009). Another theory that sheds some light on this view is the pollution refuge hypothesis which highlights the close links between FD and EF. According to this theory, economies that lack environmental regulations tend to have a higher EF because local industries do not bother about regulations and the unintended consequences of the production process, thus stimulating higher EF (Cil, 2022). Last but not least, a well-known hypothesis that underpins the finance–emission nexus is the environmental Kuznets curve (EKC). The upward sloping portion of the EKC characteristically points to a positive relationship between economic development and environmental degradation. It is in this upward sloping part of the EKC that the financial sector appears to intensify/worsen environmental degradation by enabling more production in various sectors of the economy. The downward-sloping portion of the EKC is due to the financial sector embracing and using green and modern technologies.
There is an extensive recent literature that has empirically investigated the connection between FD and EF (see Table 1). Nevertheless, the findings have far from converged, which may be characterised by factors such as methodology, sample size, control variables, proxies, and countries. Thus, the empirical studies on this subject are in three distinct categories: 1) exploring the worsening effect of FD; 2) emphasising the mitigating effect; 3) analyzing nonlinear effects. These are explained below.
TABLE 1 | Summary of empirical literature. 
[image: Table 1]2.2 FD worsens EF
The first set of studies suggests a positive correlation between FD and EF (Adams and Klobodu, 2018; Baloch et al., 2019; Tsaurai, 2019; Godil et al., 2020; Dada et al., 2022c; Ju et al., 2023). Tsaurai (2019) assessed the influence of FD on CO2 in West African nations employing the panel data method from 2003 to 2014. One of the conclusions centres on the pooled ordinary least squares (OLS) method whereby the local credit supplied by the financial sector led to the rise of CO2. The impact of natural resources, FD, and economic success on the EF of Malaysia from 1980 to 2019 was evaluated by Khan et al., 2021. That study adopted a dynamic simulated auto-regressive distribution lag method to find that FD, economic prosperity, and natural resources are behind the rise in EF. Reaching a similar conclusion, Dada et al. (2022c) examined the link between FD and EF in Malaysia between 1981 and 2017, utilising ARDL, fully modified OLS (FMOLS), dynamic OLS (DOLS), and canonical cointegration regression (CCR). They found that FD leads to a long-term deterioration of EF. Cross-country research by Adams and Klobodu (2018) examined 26 African countries for 1985 to 2011, utilizing the chow test, cross-country regression, and generalized method of moments (GMM) to discover that FD propels environmental degradation.
2.3 FD improves EF
The second collection of studies drew on claims that FD promotes EF (Shahbaz et al., 2013; Majeed and Mazhar, 2019; Zaidi et al., 2019; Odhiambo, 2020; Zhao and Yang, 2020; Adebayo et al., 2021; Akinsola et al., 2021; Kihombo et al., 2021; Hussain et al., 2022; Acar et al., 2023; Wang et al., 2023). Shahbaz et al. (2013) explored the effect of FD, economic prosperity, coal utilization, and trade liberalization on environmental performance in South Africa by employing ADRL bound test time sequence data for 1965–2008. They revealed that an upsurge of economic prosperity led to a rise in energy discharge, while FD lessened it. Habiba and Xinbang (2022) evaluated the stimulus of FD on CO2 for advanced and emerging economies by considering a multivariate measure of FD, FM, and FI indices for 2000–2018. Their study employed two-stage GMM and panel data regression to reveal that FM indices reduce EF for both advanced and emerging economies, whereas FI exacerbates EF. Arogundade, Hassan & Bila (2022) explored the influence of the dispersion proceeds on the EF of 22 African nations using fixed effects, fixed effects instrumental variables, method of moments quantile regression, and the heterogenous Granger causality test. Some of their findings confirmed that FD has a remarkable influence in reducing the environmental deterioration impact of dispersion proceeds.
Majeed and Mazhar (2019) assessed the effect of FD on the environment by utilizing an inclusive measure of EF for 131 nations for 1971–2017. A panel data method was employed, including DK standard errors and GMM. They discovered that FD proxies (local lending toward private sector, local lending to private sector by banks, and local lending supplied by financial sectors) play a critical function in enhancing environmental quality. Furthermore, their analysis revealed that local lending to the private sector is more robust when likened to former proxies of FD. Lastly, Wang et al. (2023) assessed the impact of clean energies, advanced technology industries, and the financial boom on the EFs of developed and emerging economies for 1990–2020. They used the GMM and panel quantile regression; their results suggest that FD improves EF in both types of economy.
2.4 Nonlinear influence of FD on EF
The last group of studies produced mixed results when assessing the connection between FD and EF (Ashraf et al., 2022; Destek and Sarkodie, 2019; Saud et al., 2019. Saud et al. (2019) explored the influence of FD and globalization on the EF of 49 designated BRI nations for 1990–2014 using pooled means group long-term panel estimations. They found that EF increased because FD increased energy utilization, economic prosperity, and commerce in 30 nations. Inversely, FD decreased EF in 14 nations. Destek and Sarkodie (2019) examined the environmental Kuznet curve for EF in 11 newly industrialised economies over 1977–2013 using the heterogeneous panel causality technique and the augmented mean group. The findings confirmed that FD reduced EF only in China, Malaysia, and Singapore.
Although many of the above studies (Shahbaz et al., 2013; Adams and Klobodu, 2018; Baloch et al., 2019; Destek and Sarkodie, 2019; Majeed and Mazhar, 2019; Nathaniel et al., 2019; Saud et al., 2019; Tsaurai, 2019; Zaidi et al., 2019; Odhiambo, 2020; Shahbaz et al., 2020; Zhao and Yang, 2020; Adebayo et al., 2021; Akinsola et al., 2021; Khan et al., 2021; Kihombo et al., 2021; Yang et al., 2021; Dada et al., 2022b; Hussain et al., 2022; Acar et al., 2023; Hussain et al., 2023; Wang et al., 2023) analyzed the linear relationship between FD and the EF, very few studied the asymmetric nexus between these variables (Gill et al., 2022; Godil et al., 2020; Karasoy, 2019; Lahiani, 2019; Ling et al., 2021; Mensah and Abdul-Mumuni, 2022; Omoke et al., 2020; Shahbaz et al., 2016). The NARDL methodology eases the assumption of linearity and advocates for asymmetry among the measured variables (Shin et al., 2011). Other related empirical studies that have employed NARDL include the work of Omoke et al. (2020) in Nigeria, Lahiani, (2019) in China, Karasoy (2019) in Turkey, Gill et al. (2022) in Pakistan, and Mensah and Abdul-Mumuni (2022) in sub-Saharan Africa.
What emerges from the above literature review is that the findings on the finance–emission nexus have not yet converged, posing great difficulties in formulating a consistent environmental management policy for all countries. Part of the reason why these findings have not yet converged is that they assume a linear association between FD and emissions and use different sets of proxies and techniques for environmental quality and FD, thereby validating the need for a more nuanced account of the effect of FD on environmental quality. While this study is not the first to evaluate the asymmetrical influence of FD on environmental quality in emerging economies, the limitation of existing investigations (Lahiani, 2019; Tsaurai, 2019; Habiba and Xinbang, 2022; Hussain et al., 2022; Manigandan et al., 2022; Wu et al., 2022; Hussain et al., 2023; Ofori et al., 2023; Qalati et al., 2023; Raihan, 2023) is that they rely heavily on CO2 emissions, which only account for air pollution but not problems for water, soil, and other aspects of the environment. Moreover, some of these studies also rely on traditional measures of FD, thereby ignoring multifaceted measures of FD which allow for aspects like depth, access, and efficiency across financial institutions and markets.
Considering this gap, this study advances the literature by examining a comprehensive measure of FD and disaggregates it into its sub-indices to provide a nuanced analysis, helping the reader to appreciate how components of FD affect EF. Second, this study used ARDL for the linear effects and NARDL for non-linear effects of FD to produce robust policy suggestions. In bridging these gaps, this empirical work aims to add to the present body of knowledge by raising the following questions: 1) Is the FD-EF nexus asymmetric in South Africa? 2) Does the disaggregated FD (FM and FI) have the same impact on EF?
3 METHODOLOGY
This section covers the technique that was employed to establish both the short- and long-term influence of FD on EF in South Africa. It contains data and variables, model specification, and estimation methods.
3.1 Data and variables
This research utilized 38-year time-series dataset for 1980–2018. The rationale for using this timeframe is that 1980 marks the beginning of numerous variables for South Africa while 2018 was chosen as the end of the period due to the unavailability of data for some variables. EF presented as the dependent variable denoting “ecological footprint” (constant per capita) and assessed by means of a consumer-based method and measured in global hectares (gha) per capita (See Table 2). The core explanatory variables were financial market, financial institution development indices, and overall financial development (FM, FI, and FD) established by the International Monetary Fund (2019). The justification for this index is that it accounts for the complex multifaceted nature of financial development which traditional measures do not consider. The other control variables were chosen because they have been commonly used as covariates in preceding studies. We controlled for gross domestic product per capita—GDP divided by population (constant 2010 US$)—and ENUSE—energy use per capita (measured in kg of oil equivalent per capita) —following Adebayo et al. (2021), Arogundade et al. (2022), Nathaniel et al. (2019), Omoke et al. (2020), and Shabhaz et al. (2013). To obtain dependable results, all proxies were converted into natural logarithms in order to reduce variability and make data move closer to normal distribution. The EF variable is obtained from global footprint network (GFN), financial development from the International Monetary Fund (IMF), and gross domestic product per capita and energy use from the World Development Indicators.
TABLE 2 | Summary of variables.
[image: Table 2]The main intent of this research was to assess the asymmetric effect of FD on EF in South Africa. Several studies have used FD as the proxy for evaluating its influence on EF (Shabhaz et al., 2013; Nathaniel et al., 2019; Kihombo et al., 2021; Gill et al., 2022; Wu et al., 2022). The relationship between FD, FM, FI, GDP, ENUSE, and EF is presented in the following functional form.
3.2 Model specifications
Equation 1 regresses EF on the aggregated measure of FD, which combines FM and FI. Eqs 1a and 1b regress EF on the unbundled measure of FD (FM and FI).
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In this case, EF depicts the ecological footprint in time t, FD represents financial development in that time, GDPPC denotes GDP per capita, and ENEUSE shows energy use. [image: image] is denoted as a constant term, while [image: image] [image: image] [image: image] are expressed as coefficients of parameters. On the opposite, [image: image] is the error term. The study mimicked the ARDL estimation technique established by Pesaran et al., (2001) and specified below:
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Equation 2 has the advantage of providing a combination of short- and long-term estimates in the same equation. In addition, ARDL estimates can be utilized even if the integration order is I (1), I (0), or a mix of both. The coefficients along with [image: image] demonstrate the short-term estimates, [image: image] symbolize long-term estimates, and [image: image] represents a residual term. On the long-term estimation, the primary step is to assess the level of cointegration among variables. This study investigated the joint significance of lagged level variables by adopting the F-statistics test as recommended by Pesaran et al. (2001). When the calculated bound test value exceeds the critical values, it indicates that the variables are integrated, confirming the long-term relationship. Inversely, when the bound test F statistic is lower than the critical values, it suggests that there is no long-term relationship between variables. This study also applied the double unit root tests of augmented Dickey–Fuller (ADF) and Ng Perron to determine stationarity. Ng Perron was adopted to further augment the ADF, which assumes a constant or linear trend, whereas Ng Perron permits a more flexible modelling approach to detect mobility in time-series data.
Furthermore, the research assessed the non-linear influence of FD on the EF to determine whether positive and negative shocks have the same impact. The study employed the non-linear ARDL econometric structure recommended by Shin et al. (2014). This methodology assesses the asymmetric effect which shows a combination of positive and negative shocks of the respective variable(s). The NARDL methodology has been extensively used in environmental economics (Omoke et al., 2020; Das and McFarlane, 2021; Ling et al., 2021; Dada et al., 2022c; Biyase and Naidoo, 2023). Moreover, a nonlinear auto regressive distributed lag model was chosen over other econometric methods since the former can capture the multifaceted, nonlinear relationships which are regularly detected in time-series data, thereby yielding a true picture of real-world dynamics compared to simple linear models. It can also cope with various econometric problems such as asymmetries and structural breaks, allowing the robust analysis of economic data.
In this study, FD was the core explanatory variable disaggregated into a positive and negative shock. The functional form is as follows:
[image: image]
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Eqs 3, 4 demonstrate variables in partial sum, while Eq. 5 considers NARDL. To signify the NARDL equation, two partial variables are replaced in Eq. 2, resulting in Eq. 5 below.
[image: image]
The study conducted diagnostic tests which ascertained the validity of the coefficients used, and furthermore determined whether the models are favourable for interpretation. The Breusch–Godfrey test was used to detect autocorrelation in the regression models. A normality test was conducted using Jarque–Bera. The BDS test was carried out to validate the non-linearity attributes of all variables. Furthermore, CUSUM and CUSUMSQ tests were performed to determine the stability of coefficient stability. Lastly, for robustness, this paper also adopted the fully modified ordinary least squares (FMOLS), dynamic OLS (DOLS), and canonical cointegrating regression (CCR).
4 EMPIRICAL ANALYSIS
4.1 Data and descriptive statistics
The descriptive statistics given in Table 3 above show that most of the proxies used in this study—EF, FI, and FD index—were relatively stable, which is shown by the values of the standard deviations, which are close to 0. However, GDP demonstrates a higher variability since the standard deviations are distant from 0.
TABLE 3 | Definition of variables and descriptive statistics.
[image: Table 3]4.2 Unit roots tests
The research performed some pre-estimation tests which were necessary to make the estimations possible and the results dependable. The ADF and Phillips Parron tests were employed to check for stationarity. The null hypothesis for the tests was that there is a unit, meaning that the series is non-stationary against the alternative hypothesis that the variable is stationary. As a rule of thumb, a null hypothesis is rejected when the test statistic is above the critical values at 10%, 5%, and 1%. Table 4 summaries the test results conducted.
TABLE 4 | Unit root tests.
[image: Table 4]The outcomes of both tests are in harmony, ascertaining that the series in the study are both I (0) and I (1) variables. Moreover, the null hypothesis of the unit root was not rejected because all variables except GDPCC are stationary at level, and stationary variables become stationary after the first difference. The results of the unit root test validate the adoption of the ARDL model, as no variable is beyond I (1).
4.3 ARDL and NARDL bound test for cointegration
Table 5 depicts the F-statistics and findings of the diagnostic tests of the model specifications for assessing the impact of FD, GDP, and energy use on EF. Three specifications concerning linear ARDL bounds tests were undertaken in this study. The outcomes for all models reveal that the F-statistics for the models are significantly larger than the upper bound. Consequently, these findings point to the rejection of the null hypothesis and acceptance of the alternative, according to which there is a long-term correlation between EF, FD, FM, FI, GDP per capita, and energy use in South Africa.
TABLE 5 | FD index–Results of ARDL cointegration test.
[image: Table 5]Table 5 also exhibits outcomes of the diagnostic tests, demonstrating that the model has successfully passed all the tests: Durbin–Watson stat, Jarque–Bera normality test, BG serial correlation LM test (F-statistic), BG serial correlation LM test (R-squared), heteroskedasticity test: (ARCH), and Ramsey RESET test.
The non-linear ARDL F-statistics (Table 6) were also found to be higher than the upper bounds at all levels (1%, 5%, and 10%), indicating that there is a long-term relationship between EF, FD, FM, FI, and GDP per capita, including energy use in South Africa. To ascertain the linearity of the parameters, the study utilized the BDS test initiated by Broock et al. (1996) to capture non-linearity. The results for the BDS test are shown in Table 7 in the appendix, demonstrating that the variables have nonlinearities. These results allow us to employ non-linear ARDL to examine the relationship between financial development and ecological footprint.
TABLE 6 | FD index–Results of non-linear ARDL cointegration test.
[image: Table 6]TABLE 7 | BDS statistics test–asymmetry (FD, FM, and FI).
[image: Table 7]4.4 ADRL and NARDL long and short run results
4.4.1 NARDL long and short run results
The cointegration examination confirmed that the series under study do in fact have a long-term correlation, which then leads to the goal of the analysis: presenting the empirical results on the effect of FD, economic growth, and energy-use on EF. Three estimated ARDL models are shown in Table 8 (Models 1–3). Model 1 shows the estimates of the influence of the FD index on EF, accounting for control variables. Model 2 is the regression of EF on the FM index and the other control variables, while Model 3 expresses EF as the dependent variable, and the FI index as the independent variable of interest and the other variables—gross domestic product per capita and energy-use as regressors.
TABLE 8 | ADRL long- and short-run results.
[image: Table 8]Model 1 of Table 8 shows that the slope coefficient of the FD index is negative (LFD = −0.12) and statistically significant at 5% level; thus, holding other variables constant, FD will promote environmental quality. This result supports the ecological modernization theory, which suggests that the transition to a contemporary way of life results in an awareness of environmental protection and the adoption of efficient and clean energy use. As FD advances in different forms, one of which lends incentive for projects that are environmentally friendly, EF will improve. This outcome is also backed by the empirical literature of Majeed and Mazhar (2019) and Hussain et al. (2022), who discovered that FD helps improve environmental quality by reducing EF. Furthermore, their findings affirm the role of green finance in managing environmental pollution. When controlling for the GDP per capita coefficient, the study found it to be positive and statistically insignificant in the long run, which is coherent with Baz et al. (2020) who found a neutral effect for GDP on environmental quality. The energy-use coefficient was found to be positive and statistically at 1% level, which was expected. This result implies that a unit rise in energy use is associated with degrading environmental quality by 0.82%. This outcome confirms Boutabba (2014), who discovered that energy use has a positive long-term connection with CO2 in India. However, this does not support Nathaniel et al. (2019), who found that energy use has a negative relationship with FD in South Africa. The findings in Panel B indicate that ECT of 1.14 is negative and significant, showing that 114% of the long-term disequilibrium is recovered in a year.
Model 2 of Table 8 shows that the slope coefficient of FM is negative (LFM = −0.05) and statistically significant at 5% level. This suggests that, by holding other variables constant, FM will promote environmental quality. GDP again yields an insignificant positive impact on EF. Like Model 1 of Table 8, the energy-use coefficient depicts a positive sign and is statistically significant at 1% level, suggesting that a unit increase in energy use is linked with deteriorating environmental quality by 0.75%, aligning with many other studies in this field (Majeed and Mazhar, 2019; Rjoub et al., 2021) that established that energy use has a positive relationship with EF. Model 3 of Table 8 depicts that the slope coefficient of FI is positive (LFI = −0.36) and statistically supported at a 5% level. This suggests that, by holding other variables constant, FM will deteriorate environmental quality. At a 1% level, GDP has a negative considerable influence on EF. These findings confirmed the conclusions of other studies, such as Destek and Sarkodie, (2019), that found evidence to suggest that real GDP contributes to reducing the EF in Turkey, South Korea, India, Thailand, and China, thus improving environmental quality. Lastly, the energy-use coefficient is positive at 0.40% and statistically significant in the long-term, backing up Omoke et al. (2020).
4.4.2 NARDL long- and short-term results
We now proceed to consider whether financial development has a nonlinear effect on ecological footprint, employing the non-linear ARDL model. Table 9 demonstrates NARDL and long- and short-term estimates of the effect of FD on EF. Like the ARDL estimates, we present three estimated NARDL models in Table 9 (Models 1–3). Model 1 shows the estimates of the influence of the FD index on EF, accounting for control variables. Model 2 is the regression of EF on the FM index and the other control variables, while Model 3 expresses EF as the dependent variable, and the FI index as the independent variable of interest and the other variables—gross domestic product per capita, and energy-use—as regressors. Model 1 shows that the long-term asymmetric impact of FD rising LFD_POS on EF is −0.802,825 and significant at 10% level, consistent with Odugbesan and Adebayo (2020) and Mensah and Abdul-Mumuni (2022) for Ghana. The potential explanation for this is that FD facilitates the availability of credit and encourages the consumption of environmentally friendly goods, thus creating more sustainability for current and future generations. It was also found that the decreasing LFD_NEG on EF is −5.473893, entering the model significantly at a 10% level. This discovery is also compatible with Mensah and Abdul-Mumuni (2022) for Ghana. The explanation is that a reduction in FD can lead to a reduction in production scale, ultimately resulting in decreased carbon emissions (Mensah and Abdul-Mumuni, 2022). These results support previous similar findings for nearby nations such as Nigeria, signifying a rather wider applicability of the association between FD and EF in the Southern African Development Community. More importantly, they point to the significance of endorsing environmentally friendly business practices and regulating undertakings that are not environment friendly. The potential limitation in the analysis is that the study overlooked other related aspects that affect the association between FD and EF, including institutional variables, government policies, and technological innovation.
TABLE 9 | NARDL long- and short-run results (FD index).
[image: Table 9]As for the control variables, it was found that the GDP per capita coefficient is negative and statistically significant at a 1% level. The energy-use coefficient was positive and statistically significant at 1%, suggesting that a unit rise in energy use is linked with degrading environmental quality by 1.5%. This is consistent with Sheraz et al., (2021) and Saqib et al. (2023), who revealed that energy use discourages environmental quality. Panel B reflects that the ECM coefficient is −2.26 and statistically supported at 5%, suggesting that the system modifies to balance at a speed of 226%.
Model 2 of Table 9 presents the influence of FM on EF and shows that the coefficients of a positive and negative shock of FM are negative and statistically supported at a 5% level of significance. There is difference in the magnitude of influence: a negative shock possesses a greater negative impact of a −1.92% coefficient compared to a positive shock of −0.15%. A one-unit rise in GDP per capita will promote environmental quality by −0.90%, suggesting that GDP per capita has a negative relationship with environmental quality, agreeing with Arogundade et al. (2022). In addition, the energy-use coefficient depicts a positive and statistically supported outcome at a 1% level, which recommends that a unit rise in energy use is associated with degrading environmental quality by 1.08%; the finding is compatible with Baloch et al. (2019) and Odugbesan and Adebayo (2020).
Model 3 of Table 9 reports the impact of FI on EF and demonstrates that the findings of both the positive and negative shock of FI are statistically significant and positive at a 5% level. Both shocks hold an identical positive influence on environmental quality; this suggests that both shocks will dampen environmental quality in the long run. This finding is coherent with Habiba and Xinbang (2022), who examined the influence of comprehensive FD, FI, and FM, including their indices on CO2 emissions for advanced and emerging nations. FI was found to have a positive relationship with CO2 emissions in emerging nations. This could be explained by the fact that financial institutions tend to make more capital available for production activities instead of technical advances in developing economies (Chang 2015; Acheampong 2019). In contrast to Uche and Effiom’s (2021), a one-unit rise in GDP per capita has a negative coefficient of 0.16%. Lastly, the energy use coefficient is positive and statistically insignificant.
4.4.3 Robustness checks
As a robustness check of the ARDL estimates, the dynamic DOLS, FMOLS, and CCR were adopted (Table 10). Reassuringly, the results for all three models and the coefficient signs are similar for all estimated variables—FD index, FM, and FI—except for the control variable of GDP per capita, where the coefficient is positive and statistically significant for FD and FM across all tests. This implies that GDP per capita exacerbates environmental quality in South Africa. Lastly, the energy-use results are consistent across all models; in the same way, the coefficient slope is negatively and positively statistically significant, suggesting that energy-use has a detrimental effect on environmental quality.
TABLE 10 | FMOLS, DOLS, and CCR.
[image: Table 10]The cumulative sums (CUSUM) of recursive and cumulative squares plots of the ARDL and NARDL regression show that the models are stable since they are all within the 95% confidence interval in Figures 1, 2.
[image: Figure 1]FIGURE 1 | ARDL Cusum tests.
[image: Figure 2]FIGURE 2 | NARDL Cusum tests.
4.4.4 Dynamic multiplier graph
The dynamic multiplier indicates that asymmetry is trending around the mean of all three models in Figure 3. The variation of FD is more stable, suggesting that the negative shock responds more to environmental degradation than the positive shock. This trend is consistent with the results for both long-term positive and negative shocks, in which the negative shock coefficient is higher than the positive.
[image: Figure 3]FIGURE 3 | Multiplier graph.
5 CONCLUSION AND POLICY IMPLICATIONS
This study was envisioned to evaluate the symmetric and asymmetric impact of FD on EF. The latest measure of FD and its sub-indices (FM and FI) was adopted, which differentiates this study from previous studies that relied on the overall or traditional measures of FD. Environmental quality is measured using the comprehensive EF, in contrast to most earlier literature which only employed one ecological indicator, such as CO2. Lastly, this study controlled annually for GDP and energy use over 1980–2018. In the methodology, ARDL and the NARDL were utilized to discover whether a symmetric and asymmetric association exists between these two variables.
According to the study findings, the long-run symmetric model’s practical findings show that FD and FM generally enhance environmental quality. In contrast, FI degrades environmental quality. The possible justification for this is that FD facilitates the availability of credit and encourages the consumption and production of environmentally friendly goods, thus creating a more sustainable future for current and future generations.
The asymmetric results suggest that both positive and negative shocks reduce EF. This may be due to a reduction of FD instigating a reduction in the production and consumption scale, ultimately resulting in decreased carbon emissions (Mensah and Abdul-Mumuni, 2022). As for the control variables, the GDP per capita coefficient was negative and statistically significant at a 1% level of significance. Finally, the energy-use coefficient was positive and statistically significant at 1%, suggesting that a unit rise in energy use is linked with degrading environmental quality. FM on the EF showed that the coefficients of positive and negative shocks are negative and statistically supported. This outcome proposes that FM supports environmental quality. A one-unit rise in GDP per capita will promote environmental quality by −0.90%. In addition, the energy-use coefficient outcome suggests that a unit rise in energy use is associated with degrading environmental quality. FI on the EF indicated that the positive and negative shock outcome is statistically supported and positive at a 5% level. This implies that both shocks will have a long-term negative impact on environmental quality. A unit rise in GDP per capita will promote environmental quality.
These findings possess significant policy implications, as FM and FI project contrasting relationships with EF, which measures environmental quality. FI positive and negative shocks deteriorate environmental quality, whereas FM positive and negative shocks favor environmental quality. This could be due to the corporate social investment (CSI) reports of firms or companies, environment standards, and information of business day-to-day operations being available to FI (banks and insurance companies) but are not required for FM (investors and portfolio managers). This demonstrates an information imbalance between FI and FM. A consistent process of disseminating information about firms’ or companies’ environmental impact prior to deciding on an investment may alert FM to a deleterious effect on environmental quality. Another discovery from the results is that FI have been allocating more funding to projects that do not promote environmental quality, although they have environmental impact reports of firms or companies. This could be attributed to relaxed or no punitive measures for violating environmental quality.
The study makes theoretical contributions by advancing our understanding of the relationship between financial development and environmental sustainability, exploring asymmetric effects and suggesting avenues for future research and policy interventions. Practical policy implications emanating from the results are the following. 1) FD is an important variable for reducing ecological damage in South Africa. 2) A uniform approach should be adopted by FI and FM for vetting the environmental impact of firms prior to investing or allocating capital. 3) Government should introduce regulations for FD to allocate a percentage of yield toward the research and development of clean energy solutions. This research contains some shortcomings that may be addressed in forthcoming studies. A potential limitation in the analysis is that the study overlooked other related aspects that affect the association between FD and EF, including institutional variables, government policies, and technological innovation. Thus, future research may consider incorporating the interactive term(s) such as institutional and social variables in analyzing the association between FD and the EF.
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