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Maintaining a balance between the well-being of the economy and the environment has become a top priority for governments globally. In the contemporary age, world economies, particularly the emerging ones like MINT nations, highlight the need for eco-friendly economic expansion. The MINT nations are thriving economically but are having difficulty reducing their Ecological footprint (EF). This paper aimed to determine if factors such as population density, renewable energy, foreign direct investment, economic growth, and financial development impact ecological footprint in the MINT countries between 1990 and 2018. The study applied ample advanced econometrics such as method of moments quantile regression (MMQR), augmented mean group (AMG) and Common Correlated Effects Mean Group (CCEMG). The overall results indicated that the variables are integrated at the first difference and are cointegrated. The AMG, CCEMG and MMQR results reveal that economic growth deteriorates ecological well-being by promoting the EF while foreign direct investment, population density and renewable energy assists in enhancing it by mitigating the EF in the MINT nations. In addition, financial development does not exert a significant effect on EF. The Dumitrescu Hurlin Panel Causality results show unidirectional causality from economic growth, financial development, population density, and renewable energy to EF. Based on these results policy recommendations are suggested.
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1 INTRODUCTION
Unfortunately, no nation or region is exempt from the impacts of climate change as the globe has seen a tremendous rise in ecological problems. The recent COP26 in Glasgow has reaffirm the Paris accord with the main goal to secure global net zero by mid-century and keep a maximum of 1.5°C degrees of warming within reach. However, the recent Russia-Ukraine war has put several restrictions towards achieving this goal as several nations mostly in the European bloc are switching to nonrenewable energy to meet their energy demand. Unsustainable production and consumption practices are highlighted in several recent studies as one of the primary causes of climate change and ecological degradation (Shahbaz et al., 2018; Adebayo, 2022a; Samour et al., 2022b). In the context of emerging nations like MINT nations, which aim to make swift economic growth for the well-being of their population, unsustainable consumption and production are expected. Nevertheless, even affluent nations are experiencing ecological deficits as a result of increased resource demands and limited supply (Zhang et al., 2022)
Environmental degradation and climate change are becoming a problem in the MINT nations, which are emerging nations (Odugbesan and Rjoub, 2020; Sunday Adebayo et al., 2022). The MINT nations are experiencing ecological deficits due to escalating ecological strain brought on by rising demands for food, energy, water, and other resources as well as declining biocapacity. Considering that MINT nations are significant contributors to the growth of the global economy, it is crucial to evaluate the variables influencing their ecological sustainability. The BRICS economies—Brazil, Russia, India, China, and South Africa—are a formidable emerging economic bloc that has drawn significant attention from the world. However, (O’Neill, 2013), acknowledged other developing economies in 2013, such as Mexico, Indonesia, Nigeria, and Turkey (MINT). Moreover, (O’Neill, 2013), asserts that MINT nations, which collectively account for 1%–2% of global GDP, have a good chance of surpassing other nations’ economies in terms of size and technological advancement in the years to come. MINT nations have implemented ecological policies and a variety of fossil fuel reduction strategies to address the issue of environmental deterioration (Odugbesan and Rjoub, 2020; Du et al., 2022). Additionally, these nations’ ecological consciousness is growing due to the call for a green environment. However, after the COVID-19 outbreak, these countries spent billions of dollars on fossil fuels rather than clean energy, notwithstanding their intentions and commitments to a green environment (Sunday Adebayo et al., 2022).
This paper evaluates the role of renewable energy (RENC) and population density (PD) on the ecological footprint (EF) of MINT nations controlling foreign direct investment (FDI), financial development (FD), and economic growth (EGR). Energy is essential for a country’s prosperity, yet using fossil fuels degrades ecological integrity through increasing carbon and EF (Acheampong, 2018). Countries might choose energy efficiency measures that could reduce energy use to minimize environmental harm, but these measures only have a limited positive impact. Moving toward alternate energy sources, including renewables, is the best course of action to address contamination of the environment and climate change. These environmentally friendly energy sources, including wind, solar, geothermal, hydropower, bioenergy, and others, can promote economic development and contribute to environmental preservation (Pata and Samour, 2022; Zhang et al., 2022). In order to facilitate the switch to green energy, nations must develop and execute thorough ecological legislation that curbs resource consumption and waste generation.
Conflicting results regarding the impact of financial development (FD) on environmental degradation and quality have been cited by several scholars (Shahbaz et al., 2018; Ahmad et al., 2022; Anwar et al., 2022; Samour et al., 2022a). The consequences of increased income, output and technological advancement might damage or enhance ecological quality due to financial development. A strong financial system will enhance credit availability by enabling households and businesses to expand their consumption, income, and production—factors that ultimately encourage growth. Consumers and businesses may invest in green energy, energy-intensive technologies and R&D thanks to the financial sector’s increased availability of financing, which improves ecological quality (Destek and Sarkodie, 2019; Faisal et al., 2021; Samour et al., 2022b). On the flip side, weak financial sector development could enable fraudulent business activities that direct loans toward operations that are harmful to the environment (Shahbaz et al., 2016; Cetin et al., 2021). Additionally, having access to capital may encourage entrepreneurs to install new equipment and facilities, raising energy consumption and resulting in greater environmental pollution and waste discharges (Adebayo, 2022b). Moreover, FD, according to studies by (Al-mulali et al., 2015; Awosusi et al., 2022) and others, lowers ecological sustainability because it raises output and consumption levels, exacerbating energy use. However, according to (Adebayo, 2022b), FD slows environmental deterioration by funding R&D and using greener, renewable energy sources. The contradictory findings in the research and the main conclusion that FD have a detrimental impact on environmental quality point to the need for absorbent factors that might balance the growing advantage of finance to ecological sustainability. To reap the benefits of economic growth for the environment, the domestic economy must exhibit specific attributes known as absorptive capabilities.
Foreign direct investment (FDI) influx has a favorable impact on the utilization of renewable energy and is a crucial tool for transferring contemporary technologies to developing nations. Moreover, it highlighted FDI as a key factor in disseminating technologies in emerging economies. Multinational firms, according to (Hanif et al., 2019; Xie et al., 2020), are better for the ecosystem than their domestic counterparts. As an illustration, (Eskeland and Harrison, 2003), discovered that American-owned facilities in emerging economies are more energy efficient because they use greener energy. This scenario is also known as the pollution halo hypothesis (PHH). FDI is a vehicle for improving local ecological standards through the transfer of greener technology and management methods, which also helps reduce non-renewable energy (Shahbaz et al., 2018; Samour et al., 2022a). On the contrary, the pollution haven hypothesis (PHH) contends that industrialized nations apply stricter environmental regulations than do emerging nations, which distorts current comparative advantage trends (Djellouli et al., 2022; Xu et al., 2022). As a result, the polluting companies relocate their activities from industrialized to emerging regions, turning the latter into “pollution havens.”
Against this background, this paper renders a three-fold contribution to the literature. Firstly, it evaluates the interrelationship between RENC and EF for MINT nations in the presence of PD, FD, EGR, and FDI. In the context of MINT nations, the authors were unable to identify any research paper on this interrelationship. Secondly, the research employed AMG and CCEMG methods with the method of moments quantile regression (MMQR), which considers endogeneity, autocorrelation and cross-sectional dependence. In addition, (Westerlund, 2008), cointegration and (Dumitrescu and Hurlin, 2012) techniques that address CD and other potential panel data problems were used. Third, the EF was used in the research as a proxy for ecological degradation. EF is unquestionably the most comprehensive environmental gauge for capturing anthropogenic pressure on water, soil, and air (Danish et al., 2019; Nathaniel et al., 2021). In order to obtain accurate results, this paper adopts an appropriate proxy for environmental degradation following contemporary literature.
The remaining sections are as follows: Section 2 offers an overview of the past studies. In Section 3, the procedures and theoretical background are presented. The analysis and suggested policies are presented in Sections 4, 5.
2 LITERATURE REVIEW
This section presents findings of prior investigations on the nexus between population density, economic growth, renewable energy, FDI, financial development and ecological footprint. The association between income growth and environmental deterioration goes back to the study of (Grossman and Krueger, 1995). The result from this study demonstrated the increasing trend of income and ecological deterioration. Over the years, this fact, has been supported by several empirical investigations. For instance, the studies of (Balcilar et al., 2020; Ahmad et al., 2021; Rehman et al., 2021; Ali et al., 2022; Jahanger et al., 2022; Kartal, 2022; Kartal et al., 2022; Murshed et al., 2022) establish that economic growth is the main driver of ecological deterioration. This further reinforces the well-known environmental Kuznets curve (EKC) hypothesis. With the target of proposing a way towards achieving carbon neutrality for China, (Zhang et al., 2022), in their study using the nonlinear ARDL disclose that the real growth in China is a major stumbling block towards attaining sustainable development. The author further suggests that China needs to restructure its economic growth policies by considering the ecological quality. Likewise, the recent study on (Ibrahim et al., 2022) in Germany using the innovative wavelet and nonlinear ARDL reported that the main mitigation of ecological quality is EGR. The study further reinforces that Germany needs to impose a high tax on polluting industries. In the same vein, using data between 1990 and 2018 for the newly industrialized nations, the research of (Adebayo, 2022a) established the role of real growth towards an increase in ecological dilapidation. On the flip side, some studies affirm the positive effect of EGR on ecological sustainability. In summary, such studies advocate that economic expansion curbs ecological deterioration. For instance, (Usman et al., 2020), in their study in United States, affirmed EGR’s role in lessening ecological damage. A similar report is also deduced by the study of (Adebayo, 2022c) in Sweden.
Moreover, the effect of population density (PD) on ecological footprint is essential. Therefore, evaluating such an effect is vital. Furthermore, an increase in PD may be a compression in the overall land area and its marginal use, which might increase the EF. On the other hand, a larger PD could enhance the efficient utilization of a place’s natural resources, leading to a lower EF. Understanding whether the population is clustered in small or large cities, rural or urban regions, or areas with ample resources or few resources is vital in this regard since the impact of PD on EF might vary significantly based on these factors. Thus, it is clear that PD and EF nexus have produced mixed findings. For instance, (Zarco-Periñán et al., 2021), scrutinized the role of PD in the mitigation of ecological dilapidation. Population density is used in the research to determine how it affects emissions and energy use from buildings. The research was conducted on a per-person and per-household basis at the municipal level. The area that the city actually inhabited was taken into account. The suggested approach was used in the context of Spanish cities with a population of above 50,000. The findings indicate that energy usage per resident and household in dwellings increases with PD. Additionally, emissions rise in proportion to PD. The study of (Meng and Han, 2018) using data between 1989 and 2014 on the environment-population density nexus using multivariate Granger causality and Johansen cointegration tests reported that an increase in PD will lower CO2 emissions per person. According to the research, attention should be paid to improving city tightness and population density via road building, particularly in new towns. In Bangladesh, the paper by (Kashem and Rahman, 2019) on the nexus between PD and ecological quality using ARDL and data from 1973 to 2014 documented that PD contributes to the ecosystem’s detriment.
The association between renewable energy (RENC), financial development (FD) and ecological degradation has been conducted by numerous scholars; however, mixed results are documented. For example, the global data was used by (Kirikkaleli and Adebayo, 2021) to assess the nexus between FD, RENC and ecological quality using data between 1990 and 2015. The authors used DOLS and FMOLS to unearth this nexus. The result shows that both FD and RENC boost ecological sustainability of the global economy. Similarly, (Wu et al., 2022), using the wavelet tools inspected the joint effect of FD and RENC on the environment. The data spanning between 1980Q-2019Q4 documented that both FD and RENC contribute to lessening ecological deterioration at high and medium frequencies. Furthermore, when the effect of FD is considered, the negative effect of RENC on ecological deterioration intensifies. Likewise, using panel vector autoregressive (PVAR) analysis, (Charfeddine and Kahia, 2019), investigated the finance-renewable-environment nexus in 24 MENA nations between 1980 and 2015. Their findings indicate that FD and RENC have negligible impacts on economic growth and CO2 emissions. These findings show that the MENA region’s renewable energy and financial sectors need to do more to support economic progress and ecological quality improvements.
Several studies have been recorded regarding the association between FDI and ecological quality/degradation. The study of (Xie et al., 2020) on the connection between FDI and environment from 2005 to 2014 using a generalized panel smooth transition regression model in emerging countries documented that FDI can cause CO2 levels to rise significantly. The findings of the economic growth’s spillover impact, on the other hand, indicate that FDI could be able to lower CO2 levels. Similarly, (Hanif et al., 2019), assessed the FDI-environment nexus. The study’s findings showed that FDI accelerated ecological deterioration utilizing panel data covering 1990 to 2013. The empirical findings also show that FDI contributes to ecological deterioration and raises domestic carbon emissions, supporting the PHH. Moreover, (Shahbaz et al., 2019), explored the nexus between FDI and emissions in the MENA nations from 1990 to 2015 utilising the GMM method. The result from this study affirms the PHH, which indicates that FDI contributes to the deterioration of the ecosystem.
Based on the studies reviewed above, no studies are conducted on the MINT nations with a broad focus on sustainable development. The research done in this endeavor has shown disparate outcomes. Thus, they cannot provide a comprehensive picture of how to fulfill the SDG objectives. The current paper fills a research vacuum in terms of policy recommendations for MINT nations to achieve the SDGs’ goals, while considering cleaner production techniques as the primary means of achieving these goals.
3 DATA, THEORETICAL FRAMEWORK, AND METHODS
3.1 Data
In this current investigation, we evaluate the effect of population density and renewable energy on ecological footprint in the MINT nations. Other variables influencing ecological footprint such as financial development, foreign direct investment and economic growth are also considered in the model. The research data span between 1990 and 2018. The study period is limited by the inaccessibility of ecological footprint data beyond 2018. The economic model of the present investigation is based on the study of (Wu et al., 2022) by incorporating population density and financial development into the model. The economic function is depicted as follows:
[image: image]
In Eq. 1, ecological footprint, population density, economic growth, renewable energy, foreign direct investment, and financial development are denoted by EF, PD, EGR, RENC, FDI, and FD. The indicators are converted into natural logarithm forms to account for the growth impacts and avoid the problems with dynamic characteristics in series. The indicators used in this analysis are comprehensively presented in Table 1 with their measurement and sources. Furthermore, the box-plot in Figure 1 depicts the summary statistics of the variables.
TABLE 1 | Data source and measurement.
[image: Table 1][image: Figure 1]FIGURE 1 | Box-plot of the variables of investigation.
3.2 Theoretical framework
This section presents the established association between ecological footprint and the regressors. The motive of most developing nations is to boost their economic growth. Most developing which the MINT nations also belong are pro-growth in their plan. In a nutshell, they clamor for economic expansion by paying less attention to the environment (Acheampong, 2018; Shahbaz et al., 2018). They do this by utilizing energy-nonrenewable energy to carry out their economic operations. Since the energy used by these nations are fossil fuel based, it contributes to the ecosystem’s contamination. Based on the abovementioned understanding, we anticipate economic growth to dampen the ecosystem by intensifying ecological footprint i.e., [image: image]. In the recent COP26 in Glasgow, renewable energy consumption is identified as a major strategy for eliminating ecological deterioration. This idea is also validated by (Wu et al., 2022) and (Nathaniel et al., 2021) studies. According to them, RENC contributes to the lessening of EF. This is so because renewable sources of energy are eco-friendly and do not dampen the condition of the ecosystem. Therefore, the improving environmental effect of RENC is anticipated, i.e., [image: image].
Moreover, the impact of population density (PD) on ecological footprint is essential. Therefore, evaluating such an effect is vital. With increasing density, there may be a compression in the overall land area and its marginal use, which might increase the EF. On the other hand, a larger PD could enhance the efficient utilization of a place’s natural resources, leading to a lower EF. Understanding whether the population is clustered in small or large cities, rural or urban regions, or areas with ample resources or few resources is vital in this regard since the impact of PD on EF might vary significantly based on these factors. Therefore, we anticipate PD to impact EF negatively if eco-friendly, i.e., [image: image] or [image: image] if it is not eco-friendly. Due to the apparent significant concentration of foreign investors (primarily from Asia), FDI is also highly strategically important in deciding the MINT nations’ ecological management. The hegemony of FDI in the periphery of MINT nations results in a dual boom in energy (fossil fuels) consumption and exports, which impacts the MINT nations’ EF. This reveals how FDI influences the environmental and economic performance of the MINT nation. It is thought that FDI promotes technological innovations and transfers, which may help reshape the energy industry to become less carbon-intensive and increase the availability of alternative sources of energy (Shahbaz et al., 2018; Samour et al., 2022a). For this reason, FDI is regarded as significant and identified as one of the elements in analyzing the MINT nations’ environmental targets. Through its interaction with EF, FDI may have either a positive or negative effect on the ecological performance of the MINT nations, i.e., [image: image] or negative [image: image].
Numerous studies have been done on the interrelationship between FD and environmental deterioration. The emerging empirical evidence reveals two opposing views on how the two indicators will interact. While (Wu et al., 2022) indicates negative connection, studies like those by (Zhang et al., 2022) find a positive connection. Therefore, a positive association is expected if FD is eco-friendly, i.e., [image: image] or [image: image] if not eco-friendly. The theoretical framework above gives us insight into the economic model shown in Eq. 2 as follows:
[image: image]
Where; ecological footprint, population density, economic growth, renewable energy, foreign direct investment, and financial development are denoted by EF, PD, EGR, RENC, FDI, and FD. The coefficient elasticities are shown by [image: image] and μ depict the error term. Subscripts t and I also represent time and nation.
3.3 Estimation procedures
This section provides the empirical methods applied in analysing the effect of the regressors (population density, economic growth, renewable energy, financial development and foreign direct investment) on ecological footprint in the MINT nations. The study highlights the empirical steps taken in this investigation as follows:
Firstly, the study conducted a slope heterogeneity test initiated by (Hashem Pesaran and Yamagata, 2008) and a cross-sectional dependence test. The SH test is carried out to identify whether the first or second-generation test will suit the panel analysis. Next, we evaluate the CD of the variables. The main problem with panel data analysis is the CD. It illustrates how unseen factors like residual interdependency, stock market index movements, economic shocks, and the volatility of other economic factors can impact observable factors. The disregard for CD might provide false results (Pesaran, 2015). The null hypothesis (Ho) provides evidence that CD does not exist in panel data.
Secondly, as soon as the parameters’ integration orders are known, the cointegration test is used to assess the long-term relationships between the variables. The study uses the (Westerlund, 2008) 2nd generation panel cointegration test. This examination is more in-depth and extensive. In this test, the bootstrap panel Lagrange Multiplier is the fundamental cointegration method. The cointegration test’s null hypothesis suggests that cointegration between variables is not present.
Third, we applied the augmented mean group (AMG) initiated by (Teal and Eberhardt, 2020) and cross-sectional mean group Correlated Effects Mean Group (CCEMG) initiated by (Pesaran, 2006) to evaluate the long-run association between ecological footprint and the regressors. Furthermore, the study employs the Method of Moments Quantile Regression (MMQR) initiated by (Machado and Santos Silva, 2019) with fixed effects for the extra robustness analysis. When the indicators have varying effects based on the conditional distribution of the dependent variable, quantile regression procedures are typically utilized. Since these studies primarily focus on the impact of the regressors on the conditional means of the EF, standard mean regression models like the OLS technique cannot demonstrate these diverse effects.
Lastly, the panel causality test suggested by (Dumitrescu and Hurlin, 2012), which considers CD and SH, was used to analyse the causal connection between the regressors and EF. The flow of the techniques, as mentioned above, is presented in Figure 2.
[image: Figure 2]FIGURE 2 | Flow of the analysis.
4 FINDINGS AND DISCUSSION
4.1 Pre-estimation results
The SH test, which relies on the modified delta and delta estimation, was used to examine the slope homogeneity. The findings are shown in Table 2. At a 1 percent level of significance, the null hypothesis is dismissed, indicating that slope heterogeneity exists among the MINT nations.
TABLE 2 | Slope heterogeneity test.
[image: Table 2]The CD test is a crucial evaluation in dynamic panel data. If the sections are interdependent, failing to account for their heterogeneity would lead to inaccurate estimation and reduced estimate effectiveness (Ozturk and Acaravci, 2016). The CD test’s findings (Table 2) show that the null hypothesis is discarded at a 1% level of significance. Cross sections are dependent, and global shocks impact MINT nations members. These findings support the existence of a CSD problem in our data, which suggests that a significant shock, either favorable or unfavorable, to a specific variable in a single nation would impact the other nations in the panel. This result is anticipated since MINT countries probably have comparable structural, economic, cultural, and ecological traits. In light of the results of the CD test, the unit root, cointegration, and regression estimators that will be used in this research should consider the CD problem during the estimating stages.
The first-generation approaches, which presuppose CD, cannot be applied since there is confirmation of CD. Consequently, we used (Pesaran, 2007) CIPS and CADF panel unit root tests. The indicators (EF, EGR, PD, FD, and RENC) are nonstationary (see Table 3), as shown by the CADF unit root test at level. However, the series is discovered to be stationary after the first difference. The robustness of the CADF test is also confirmed by the results of the CIPS test. In general, the results of the CADF and CIPS tests demonstrate that the series are integrated at first difference, supporting the employment of both the AMG and CCEMG estimators.
TABLE 3 | CD and CIPS and CADF test outcomes.
[image: Table 3]4.2 Cointegration result
The second-generation long-run cointegration test developed by (Westerlund, 2008) was used to confirm the long-term equilibrium connection between EF and the regressor. By adjusting for CD difficulties in the data, this approach, as opposed to first-generation versions, can predict the cointegrating features between EF and the regressors. The cointegration test outcome for the model is shown in Table 4. The outcomes show that there is an apparent connection between EF and PD, EGR, FD, RENC, and FDI in the MINT nations in the long-term. The statistical evidence suggests cointegrating in the model by rejecting the null hypothesis of no cointegration at 1%, 5%, and 10% statistical significance.
TABLE 4 | Westerlund cointegration.
[image: Table 4]4.3 Long-run estimators (augmented mean group and Correlated effects mean group) results
This research used the AMG and CCEMG techniques to investigate the effect of PD, EGR, FDI, FD, and RENC on EF (see Table 5). The effect of EGR on EF is significantly positive, as shown by both AMG and CCEMG. The results show that 1percent upsurge in EGR caused 0.871% (AMG) and 0.787% (CCEMG) intensification in EF. These results affirm the damaging effect of EGR on the environment. Moreover, RENC effect on EF is negative, which is supported by both CCEM and AMG estimators. Thus, 0.314% (AMG) and 0.337% (CCEMG) decrease in EF is attributed to 1% upsurge in RENC. These results support the environmental improving effect of RENC.
TABLE 5 | AMG and CCEMG results.
[image: Table 5]The results from Table 5 also disclosed that the decrease in EF is attributed to the increase in FDI in the MINT nations. This infers that holding other indicators constant, 1percent upsurge in FDI caused a 0.018% (AMG) and 0.0237% (CCEMG) decrease in EF. Moreover, the result affirms the pollution halo hypothesis (PHH) in the MINT nations. The results also show that FD positively impacts EF, though the effect is insignificant. This shows that FD does not contribute to the MINT nations’ increase/decrease in EF. Lastly, PD effect on EF is negative and significant as both AMG and CCEMG estimators recorded. The results disclose that 1percent upsurge in PD caused 2.558% (AMG) and 2.873% (CCEMG) reduction in EF.
4.4 Panel quantile outcomes
The current paper also used the MMQR to evaluate the effect of PD, FDI, RENC, EGR, and FD on EF in the MINT nations (See Table 6). The results obtained from Table 6 shows that in all the quantiles (0.1–0.90), positive effect of EGR on EF is evident across conditional distribution of EF. Furthermore, the strength of the coefficient increases as we move from lower to higher quantiles. The results suggest that EGR damage the ecosystem across all quantiles (0.1–0.90). The results from Table 6 also establish a negative RENC and EF nexus across all quantiles (0.1–0.90), with the strength of the coefficient diminishing as we move to the higher tails. These results are not surprising given the established emissions-reducing effect of RENC. Thus, RENC decreases EF in each quantile. Moreover, the negative effect of FDI on EF is evident in each tail, affirming the PHH across all quantiles (0.1–0.90). Furthermore, the coefficient of FDI increases as we move towards the higher tails. Regarding the association between FD and EF, in each quantile, no evidence of a significant association between EF and FD. Lastly, the negative influence of PD on EF is documented in each quantile which shows that PD contributes to ecological quality across all the quantiles. Figure 3 presents the summary of the MMQR, CCEMG, and AMG results.
TABLE 6 | MMQR results.
[image: Table 6][image: Figure 3]FIGURE 3 | Summary of findings from AMG, CCEMG and MMQR.
4.5 Dumitrescu hurlin panel causality results
The last empirical analysis is conducted to assess the causal connection between EF and PD, FDI, RENC, EGR, and FD (see Table 7). The results from the DH Panel Causality show no evidence of causality between FD and EF. Furthermore, unidirectional causality exists from FDI, EGR, FD, and PD to EF. These results show that RENC, FDI, EGR, and PD can forecast/predict EF in the MINT nations. Thus, when formulating policies on EF, the regressors (RENC, FDI, EGR, and PD) should be considered. These results are also documented by prior studies (Nathaniel et al., 2021; Beton Kalmaz and Awosusi, 2022; Ibrahim et al., 2022; Ojekemi et al., 2022; Zhang et al., 2022).
TABLE 7 | Dumitrescu hurlin panel causality tests.
[image: Table 7]4.6 Discussion of findings
This section discusses the results of AMG, MMQR, CCEMG, and Dumitrescu Hurlin Panel causality estimators. The positive effect of economic growth (EGR) on EF is evident, suggesting that EGR boosts EF in the MINT nations. This result is expected given that most developing nations, such as the MINT nations aim to boost their economic growth while paying less attention to their ecosystem. In most developing such as the MINT nations, favor the pro-growth initiative. In a nutshell, these nations clamor for economic expansion by paying less attention to the environment. They do this by utilizing fossil fuel-based energy to carry out their economic operations. Since the energy used are fossil fuel based, it also contributes to the contaminant of the ecosystem. Similar outcomes are reported by the studies of (Hanif et al., 2019; Balcilar et al., 2020; Ali et al., 2021).
The study also affirms that renewable energy (RENC) impacts EF negatively. The significant role of renewable is vital towards a move to carbon neutrality, as stated at the COP26 meeting. These results show that establishing renewable energy projects in the MINT countries is crucial to contributing to a reduction in EF. We propose that considerable EF mitigation in the MINT nations may be achieved by extensive investment in current and future renewable energy projects and economic activity management. Several studies such as (Ibrahim et al., 2022), (Abbasi et al., 2022), and (Acheampong et al., 2019) documented similar results.
Moreover, the study finds a negative association between FDI and EF in the MINT nations. In order to assure low carbon emissions, (Shahbaz et al., 2018), suggested that FDI promotes flows of eco-friendly technologies and cutting-edge, creative manufacturing techniques across nations. This may be vindicated in the context of emerging nations because there is already a dearth of technology in these countries. As a result, FDI may allow for technological spillovers from advanced nations, which could raise the technological level of developing countries like the MINT nations and assist them in safeguarding their ecological resources. This result aligns with the studies of (Samour et al., 2022a) and (Shahbaz et al., 2018).
Moreover, the effect of population density (PD) on ecological footprint is negative. This shows that PD could enhance the efficient utilization of a place’s natural resources, leading to a lower EF. Therefore, for the MINT nations, PD boosts ecological quality. This outcome corroborates the studies of (Meng and Han, 2018; Zarco-Periñán et al., 2021); however, it refutes the studies of (Gyamfi et al., 2022), who found that increasing PD may be a compression in the overall land area and its marginal use, which might increase the EF.
Lastly, an insignificant association exists between FD and EF in the MINT nations. According to (Zhang et al., 2021), the insignificant nexus between FD and EF is attributed to the fact the financial system of developing nations such as the MINT nations is at the initial phase. In this phase, FD is expected not to contribute to ecological sustainability/degradation. On the other hand, some studies found a negative association (Charfeddine and Kahia, 2019; Wu et al., 2022) and positive association between FD and EF (Cetin et al., 2021; Samour et al., 2022a).
5 CONCLUSION AND POLICY IMPLICATIONS
5.1 Conclusion
This paper evaluates the effects of population density, renewable energy, economic growth, financial development and foreign direct investment on ecological footprint in the MINT nations over the 1990–2018 periods. The study applied ample advanced econometrics such as method of moment quantile regression (MMQR), augmented mean group (AMG) and Correlated Effects Mean Group (CCEMG). The overall results indicated that the variables are integrated at first difference and cointegrated The AMG, CCEMG, and MMQR results show that economic growth deteriorates ecological well-being by promoting the EF, while financial development, population density, and renewable energy assists in boosting it by mitigating the EF in the MINT nations. In addition, financial development does not exert a significant effect on EF. The results from the Dumitrescu Hurlin Panel Causality show no causality between financial development and EF. In contrast, unidirectional causality exists from economic growth, financial development, population density and renewable energy to EF. These results show that economic growth, financial development, population density and renewable energy can forecast/predict EF in the MINT nations.
5.2 Policy implications
The results of this research are thus of the utmost importance in ensuring that the MINT nations can fulfill their obligations to worldwide environmental development underneath the SDGs of the United Nations and Paris Climate Change Agreement. Even though the MINT nations might not have the necessary resources to uphold these obligations, this research is anticipated to serve as a guide for these nations in promoting adherence by supporting pertinent policy-making objectives. As a result, this research suggests the following policy implications to governments, policymakers, and stakeholders who are considering attaining environmental sustainability in MINT nations based on the results above. Firstly, an essential strategy for decreasing environmental deterioration is the employment of renewable energy sources rather than nonrenewable energy sources in economic sectors. Policymakers in the MINT nations may employ grants, subsidies, fiscal incentives and low-interest loans to boost renewable energy sources penetration to raise the renewable energy technologies affordability. To explicitly support renewable energy investment projects, the governments may establish regional or global green energy funds. Additionally, increasing energy efficiency through infrastructure investments in the energy sector by substituting obsolete infrastructure and equipment would reduce fossil fuels demand, resulting in a reduction in EF.
Secondly, though the FDI enhances the ecological quality in the MINT nations, it is advised that the MINT nations link their FDI initiatives with the goals of ecological conservation regarding future FDI policies. More significantly, the MINT nations should prevent advanced nations from abusing their interest to gain unjustified gains from FDI. For example, MINT nations should not focus on the export and production of products that cause significant pollution while enabling advanced countries to do the same with comparatively lesser polluting goods and services. Additionally, the MINT nations’ FDI policies should be revised so as to limit the inflows of dirty FDI. Instead, the MINT countries should work to entice greener FDI, which may also aid in technological innovation via a technique known as knowledge spillover. Finally, as FD does not help to reduce EF, the MINT nations should seek to green their financial sectors. Efforts to introduce green finance strategies must be prioritized, and encouraging investment in green projects is crucial. As a result, climate funding is essential for improving the ecological implications connected to FD. It is also advised that the MINT nations deploy their resources to finance programs to combat climate change.
5.3 Study limitation and future path
The stumbling block in this research was the lack of data for recent years; as a result, the research period was restricted to the period between 1990 and 2018. This research might be expanded to consider the social and cultural aspects within the analytical framework as far as future study initiatives are concerned. In addition, the pollution halo and/or haven hypothesis may be used to analyze how the combined effect of FDI and renewable energy impact EF. Lastly, using the nonlinear panel ARDL to examine the asymmetric effects of population density, renewable energy, economic growth, financial development, and foreign direct investment on the MINT nations’ ecological footprint may also be considered.
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