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Abstract: This study investigates the long-run relationship between green finance and the ecological 

footprint in 13 countries with the highest levels of green financial development, while also examining 

the roles of green growth, economic growth, financial globalization, and capital formation. Using 

panel data from 1992 to 2020, the analysis applies advanced econometric techniques, including the 

Augmented Mean Group (AMG), Fully Modified Ordinary Least Squares (FMOLS), and Dynamic 

Ordinary Least Squares (DOLS) estimators to identify long-term effects. In addition, the Dumitrescu-

Hurlin panel bootstrap causality test is used to explore the direction of relationships among variables. 

The results confirm the existence of cointegration among all variables. Green finance and green 

growth are found to reduce the ecological footprint, indicating their effectiveness in mitigating 

environmental degradation. In contrast, economic growth, financial globalization, and capital 

formation contribute positively to the ecological footprint, suggesting a link to increased 

environmental pressure. The causality analysis reveals a bidirectional relationship between green 

growth and ecological footprint, while green finance, economic growth, financial globalization, and 

capital are found to be causal factors of ecological footprint. The findings highlight the importance of 

promoting green finance and sustainable growth strategies while ensuring that financial and capital 

flows support environmental objectives. 

Keywords: Green Finance; Ecological Footprint; Environmental Sustainability; Financial 

Development; Financial Globalization; Green Growth; China; USA 

 

1. Introduction 

Climate change, global warming, environmental degradation, and increasing environmental 

concerns have led academics, policymakers, and many stakeholders to maintain a strong focus on 

sustainable development—particularly its environmental sustainability component [1] [2] [3] [4] [5]. 

The United Nations COP-27 conference, emphasizing key goals such as climate finance, carbon 

neutrality, and sustainable growth, aims to reduce the global temperature by 1.5 degrees Celsius and 
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achieve the 2030 sustainable development targets [6]. In line with this and earlier international 

conferences, conventions, and summits on environmental protection, the world is taking rapid steps 

toward building a greener and more sustainable economy. 

Against this backdrop, green finance is recognized as one of the most crucial factors in achieving 

a sustainable environment and development [7] [8] [9]. Green finance encompasses financial products 

and services—such as green bonds, green loans, and carbon pricing—that promote environmentally 

friendly initiatives, sustainable development, and environmental sustainability [10]. A key 

characteristic that differentiates green finance from other types of finance is its focus on channeling 

public- and private-sector funds toward green entrepreneurs who foster sustainable development 

and improve the environment [11]. 

Research addressing green finance often centers on its determinants or its impacts. In one strand 

of the literature, scholars examine the factors driving green finance [12] [13] [14]. Another strand 

explores the effects of green finance, highlighting, for instance, how it guides financial resources into 

renewable energy investments and projects, thereby helping develop that sector [15]. The 

diversification and growth of green financial products—such as green funds and insurance—can also 

foster and enhance green innovations [16]. Moreover, green finance improves energy efficiency by 

reducing excessive energy inputs that contribute to environmental pollution, supports the green 

manufacturing sector by boosting green total factor productivity [17], and positively influences 

employment and new business creation by promoting effective resource use [18]. Because green 

finance and related strategies can affect the supply, demand, and availability of natural resources 

such as coal, oil, and natural gas, some researchers claim a positive relationship between a country’s 

(green) financial development and its natural resources [19]. Finally, green loans—an important 

subset of green finance—can advance green economic growth by strengthening the financial 

performance of banks and other financial institutions and channeling capital to green entrepreneurs 

[20]. 

In recent years, several studies have examined the relationship between green finance and 

environmental degradation or environmental sustainability [21] [8] [22] [23] [24]. Because financial 

institutions direct some of their loans and funds toward green projects and investments, green finance 

can be viewed as an important tool to combat environmental pollution. Sharif et al. [21], Wei and Bai 

[9], and Li [24] find that green finance bolsters environmental sustainability by reducing CO2 

emissions, whereas Numan et al. [22] report that green finance curbs environmental pollution by 

lowering the ecological footprint. Taken together, these results suggest that green financial practices 

can play a significant role in designing environmental policy. Green economic growth—an integral 

element of a sustainable environment—also helps reduce pollution [25], a finding corroborated by 

Hao et al. [26], Dong et al. [27], and Li [24]. Meanwhile, researchers highlight that the growing or 

diminishing effect of financial globalization on environmental degradation remains a topic of debate 

[28]. Some studies posit that economic growth and capital formation create a scale effect in the 

economy, increase energy demand, and exacerbate pollution [29] [30]. Consequently, because these 

variables often appear in environmental pollution regressions, they too warrant policy consideration 

alongside green finance. 

This study analyzes the relationship between green finance and the ecological footprint from 

1990 to 2019 across 13 countries identified as leaders in green financial development. According to 

the IFF Global Finance and Development Report [31], France, the UK, Germany, China, the 

Netherlands, Japan, Sweden, Denmark, Spain, the USA, Norway, Austria, and Italy rank highest in 

the Global Finance and Development Index, making them ideal subjects for studying the impact of 

green finance. Except for China, all are OECD members. These nations also perform strongly on the 

OECD green growth indicators (e.g., CO2 productivity and energy productivity) for 2021 [32]. 

Nevertheless, in terms of environmental pollution, China remains the world’s largest emitter of 

greenhouse gases, and OECD countries also display high emission levels. Specifically, while total 

global CO2 emissions in 2021 were 33,9 billion tons, the collective OECD total reached 11,3 billion 

tons—accounting for 34% of the global figure. Meanwhile, China alone produced 30% of total CO2 
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emissions [33]. Regarding ecological footprint, China leads with 5,1 billion global hectares, followed 

by the USA (2,1 billion global hectares) and Japan (533 million global hectares). Many of the 

remaining countries likewise rank high. These data underscore that policies aimed at reducing 

environmental pollution and enhancing environmental sustainability remain urgent for these 

nations. 

In light of the above, this study explores several research questions: (1) Can green finance help 

combat environmental pollution by reducing the ecological footprint? (2) Does green economic 

growth reduce environmental pollution through its impact on the ecological footprint? (3) What roles 

do economic growth, financial globalization, and capital formation play in shaping the ecological 

footprint? (4) Given the results, what effective policies might help curb environmental pollution? 

The study makes several contributions to the literature. First, it examines the impact of green 

finance on the ecological footprint while integrating green economic growth, financial globalization, 

economic growth, and capital formation as control variables, a combination rarely explored together. 

Second, it focuses on the 13 countries with the strongest green financial development—an 

understudied group in previous analyses. Third, it uses ecological footprint as an environmental 

sustainability metric, which is a more comprehensive measure of environmental degradation 

incorporating the planet’s biocapacity. Fourth, the study employs the Augmented Mean Group 

(AMG) estimator, a dynamic panel method that yields robust results even under slope heterogeneity 

and cross-sectional dependence. It also applies the Dumitrescu-Hurlin bootstrap causality test, which 

is seldom used in many panel studies, thereby providing more reliable causal insights for policy 

recommendations. Finally, by modeling green growth, financial globalization, economic growth, and 

capital formation, the study explains multiple causes of environmental degradation and can help 

inform a wide range of policies to mitigate it. 

The remainder of this paper is structured as follows. Section 2 reviews the theoretical and 

empirical literature. Section 3 presents the empirical model, data, and methods. Section 4 discusses 

the empirical findings. Finally, the conclusion, policy implications and limitations. 

2. Literature Review 

This study examines how green finance, green growth, economic growth, financial globalization, 

and capital formation affect the ecological footprint. The following subsections provide a review of 

the relevant literature on each variable’s relationship with environmental degradation. 

2.1. Green Finance and Environmental Degradation 

Green finance, which links ecological and financial considerations, is widely regarded as pivotal 

for environmental protection [34]. In recent years, it has gained attention as a tool to restore ecological 

balance and curb pollution [34] [35] [15] [22]. Feng et al. [36] posit that in China, expanding green 

bonds—an important component of green finance—helps reduce environmental pollution by 

incentivizing renewable energy investments, whereas contracting green bonds exacerbates pollution 

by reducing such investments. Glomsrød and Wei [37] estimate that green finance could cut global 

coal consumption by approximately 2.5% by 2030, increasing the share of electricity from renewable 

energy sources from 42% to 46%, although effects vary across countries or regions. Collectively, these 

insights support the hypothesis that green finance prevents environmental degradation. 

Several empirical studies corroborate this viewpoint. Li et al. [15] find that in MINT countries, 

green finance alleviates environmental degradation, with a particular emphasis on ecological 

sustainability measures such as renewable energy, natural resources, and energy innovation. Chin et 

al. [35] observe a negative relationship between green finance and environmental pollution in BRI 

countries, while Numan et al. [22], employing the Driscoll-Kraay estimator for 13 countries, report 

that green finance constrains environmental degradation. These findings align with those of Sharif et 

al. [21], Wei and Bai [9], Li [38] , and Umar and Safi [39], collectively suggesting that green finance is 

a powerful mechanism for protecting the environment. 
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2.2. Green Growth and Environmental Degradation 

When a country’s income rises, higher economic growth often leads to increased energy 

consumption and CO₂ emissions, posing a threat to environmental quality [40]. Consequently, many 

nations are shifting their development strategies toward green growth, which can mitigate the 

adverse effects of long-term economic expansion by minimizing environmental hazards [41]. 

D’amato and Korhonen [42] advocate green growth as a critical strategy for achieving environmental 

sustainability. Similarly, Wu et al. [40] and Ahmad and Wu [43] suggest that by bridging 

environmental priorities and economic objectives, green growth helps prevent environmental 

degradation. Thus emerges the hypothesis that green growth reduces environmental degradation. 

Empirical research provides supportive evidence. Oyebanji et al. [44] demonstrate that green 

growth in Nigeria improves environmental quality by reducing pollution. Hao et al. [26] , examining 

G7 countries, find a negative association between green growth and environmental degradation, 

implying that green growth contributes to a sustainable environment. Dong et al. [27] highlight 

similar pollution-curbing effects in their study of 30 cities in China. Ahmad and Wu [43], applying 

PQR, FMOLS, and DOLS estimators to data from 20 OECD countries, show that green growth fosters 

ecological sustainability by decreasing the ecological footprint. Saqib et al. [45] also report that among 

the 10 countries with the highest ecological footprint, green growth effectively mitigates 

environmental degradation—results consistent with findings in Gu et al. [46] and Lin and Ullah [25]. 

2.3. Economic Growth and Environmental Degradation 

Economic growth can undermine environmental quality by amplifying raw material use and 

energy consumption, thereby increasing pollution [47]. In this regard, economic growth can fuel the 

scale effect, where higher production heightens environmental degradation [48]. Numerous studies 

investigate the link between economic growth and environmental outcomes [50], generally 

supporting the hypothesis that economic growth causes environmental degradation. 

Shahbaz et al. [48], analyzing the 10 countries with the largest ecological footprints, conclude via 

the CCE estimator that financial development and economic growth both increase the ecological 

footprint. Alola et al. [51], in a study of 16 European countries, and Kongbuamai et al. [50], examining 

ASEAN nations, similarly find that economic growth exacerbates the ecological footprint. Awosusi 

et al. [47] show that as economies grow, environmental degradation accelerates. Danish et al. [49] 

reach a parallel conclusion for Pakistan using the ARDL model, suggesting that economic growth 

reduces environmental quality by expanding the ecological footprint. 

2.4. Financial Globalization and Environmental Degradation 

Financial globalization can offer capital essential for technological advancement, innovation, 

and renewable energy investments, potentially reducing environmental degradation over the long 

term [52]. Conversely, in countries with lax environmental regulations, increased financial flows may 

fund polluting energy projects, prioritizing financial returns over ecological concerns and thereby 

accelerating environmental deterioration [53]. Meanwhile, globalization can also drive economic 

transformations and spur the adoption of green technologies, enhancing productivity and reducing 

pollution [54]. Based on these contrasting effects, one may hypothesize that financial globalization 

can either promote or reduce environmental degradation. 

Empirical investigations offer mixed results. Kirikkaleli et al. [55] demonstrate that in Turkey, 

globalization heightens the ecological footprint and thus degrades environmental quality in the long 

run. Sadiq et al. [52], focusing on BRICS countries, find that financial globalization hinders 

environmental sustainability by intensifying ecological degradation, whereas nuclear energy and 

external debt have beneficial effects on ecological stability. By contrast, Miao et al. [56] report that in 

newly industrializing countries, financial globalization curbs the ecological footprint and enhances 

environmental quality—an outcome echoed by Awosusi et al. [47] for BRICS countries and Hassan 
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et al. [54] for OECD nations. Wang et al. [53] similarly note that financial globalization can foster 

environmental degradation, underscoring the complexity of its impacts. 

2.5. Capital Formation and Environmental Degradation 

Capital formation also influences environmental sustainability [24]. As firms accumulate capital 

and expand production, they often use more energy and resources, heightening the risk of 

environmental harm [47]. Li et al. [24] emphasize that rising capital formation can generate a scale 

effect, enlarging production activities and fueling pollution. Accordingly, it is reasonable to 

hypothesize that capital formation favors environmental degradation. 

Several studies substantiate this link. Baz et al. [57] find that positive shocks in capital formation 

in Pakistan elevate the ecological footprint, thereby worsening environmental quality. Investigating 

17 OECD countries, Mujtaba et al. [30] conclude that economic growth and capital formation both 

contribute to environmental degradation. Khan and Hou [58], using data from 38 countries, likewise 

note that increasing capital formation expands the ecological footprint. In research on the G20, Li et 

al. [24] reach similar conclusions, while Emmanuel et al. [59], studying 101 countries, and Chekouri 

et al. [60], focusing on Algeria, report parallel findings that elevated capital formation undermines a 

sustainable environment by raising its ecological footprint. 

2.6. Literature Gaps 

Existing research generally suggests that green finance and green growth mitigate 

environmental degradation, while economic growth and capital formation tend to exacerbate it 

through scale effects; financial globalization shows mixed impacts, either supporting or undermining 

sustainability depending on regulatory contexts and investment patterns. However, a critical gap 

remains in that the 13 countries with the highest levels of green financial development—despite their 

significance—have not been examined collectively as a single case. Additionally, although many 

studies analyze the relationship between green finance and environmental degradation, few include 

green growth in the framework; in contrast, the present study positions green finance centrally while 

also incorporating green growth. Another distinguishing feature is the inclusion of financial 

globalization—often overlooked in work focusing primarily on green finance, green growth, or 

environmental degradation. 

Moreover, although prior studies (e.g., [23] [35] [36] [22] [21] [13] [39]) address the green finance–

ecological sustainability nexus, many omit causality analysis, and almost none employ methods that 

account for Blomquist-Westerlund slope heterogeneity or the Dumitrescu-Hurlin bootstrap causality 

approach. 

By filling these methodological and contextual gaps—namely, by applying advanced estimators 

(such as AMG) and integrating green finance, green growth, economic growth, financial 

globalization, and capital formation into a single environmental pollution model for an understudied 

cohort—this study offers more robust and comprehensive insights. Through its use of ecological 

footprint as a holistic measure of environmental sustainability, the analysis paves the way for more 

targeted sustainability strategies and helps bridge policy shortcomings. 

3. Empirical Specification, Data and Methods 

3.1. Empirical Specification and Data 

This study adopts the ecological footprint as an indicator of environmental pollution because it 

is a comprehensive measure that covers multiple facets of environmental degradation. Following Ali 

et al. [61], ecological footprint is expressed in global hectares (gha) per capita. For the independent 

variables, this study draws on Ahmad et al. [28], Yang et al. [62], and Mujtaba et al. [30] to include 

green finance, green growth, economic growth, financial globalization, and capital. Specifically, green 

finance is proxied by the renewable energy public R&D budget (% of total energy public R&D) [46], 
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green growth by CO₂ productivity [63], economic growth by per capita GDP (constant 2015 US 

dollars) [47], financial globalization by the financial globalization index [64], and capital formation 

by gross capital formation (% of GDP) [65]. Drawing on these studies, the relationship between EF 

and the five explanatory variables can be modeled as follows: 

 

𝑙𝑛𝐸𝐹𝑖𝑡 = α + 𝛾1𝑙𝑛𝐺𝐹𝑖𝑡 + 𝛾2𝑙𝑛𝐺𝐺𝐷𝑃𝑖𝑡 + 𝛾3𝑙𝑛𝐺𝐷𝑃𝑖𝑡 + 𝛾4𝑙𝑛𝐹𝐺𝐿𝑖𝑡 + 𝛾5𝑙𝑛𝐶𝐴𝑃𝑖𝑡 + 𝜀𝑖𝑡  (1) 

 

where α is the intercept, 𝜀𝑖𝑡 is the error term, i denotes the cross-sectional units (France, the UK, 

Germany, China, the Netherlands, Japan, Sweden, Denmark, Spain, the USA, Norway, Austria, and 

Italy), and t represents the yearly data spanning 1994–2019. The coefficients 𝛾1, 𝛾2, 𝛾3, 𝛾4 and 𝛾5 

capture the long-run elasticities, and all variables are used in their logarithmic form to facilitate 

elasticity-based interpretations. Table 1 defines and summarizes the key variables. 

Table 1. Description of variables. 

Variable Symbol Measurement Source Expected Sign 

Ecological Footprint EF Global hectares per capita (gha) GFN - 

Green Finance GF Renewable energy public R&D budget  

(% of total energy public R&D) 

OECD (–) Feng et al. 

[36]  

Green Growth GGDP CO₂ productivity (GDP per unit of energy-

related CO₂ emissions) 

OECD (–) Chen et al. 

[66]  

Economic Growth GDP Per capita GDP (2015 constant US$) WDI (+) Alola et al. 

[51]  

Financial Globalization FGL Financial globalization index Koff Swiss 

Institute 

(+) Sadiq et al. 

[52]  

Capital Formation CAP Gross capital formation (% of GDP) WDI (+) Khan & Hou 

[58]  

3.2. Methods 

This study employs a multi-step empirical strategy to investigate the relationships. The 

methodology proceeds with cross-sectional dependence and slope homogeneity tests, unit root tests, 

cointegration tests, long-run coefficient estimation, and causality analysis (Figure 1.). 

The study first tests for cross-sectional dependence and slope homogeneity, as overlooking these 

properties can lead to biased or inefficient results. To investigate cross-sectional dependence, 

Pesaran’s CD test [67] is employed, where the null hypothesis posits that there is no dependence 

among cross-sectional units. For slope homogeneity, the study applies the Δ tests of Pesaran and 

Yamagata [68] and Blomquist and Westerlund [69], with the null hypothesis indicating homogeneous 

slopes across the sample. 
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Figure 1. Methodological framework. 

In the second stage, Pesaran’s CADF test [70] is employed to determine whether the variables 

are stationary and, if so, at which order of integration. As a second-generation unit root procedure, 

the CADF test is widely used in panel studies because it provides reliable results under cross-

sectional dependence. In the third stage, the possibility of cointegration among the variables is 

examined using Kao [71], Pedroni [72] , and Westerlund [73] residue-based cointegration tests, as 

well as Westerlund’s second-generation cointegration test [74] —which features four distinct test 

statistics. In each of these tests, the null hypothesis states that no cointegration exists among the 

variables. 

After confirming the existence of cointegration, long-term coefficients are estimated and 

interpreted using the AMG estimator proposed by Bond and Eberhardt [75] , along with the FMOLS 

and DOLS methods developed by Pedroni [76] [77]. The AMG technique offers several advantages. 

First, it is considered a second-generation approach suitable for data with cross-sectional dependence 

and slope heterogeneity. Second, it addresses potential endogeneity issues [78]. Finally, it 

accommodates variables that are stationary both at level and in first difference. Formally, the AMG 

procedure begins by estimating the following model with OLS: 

 

∆𝑙𝑛𝐸𝐹2𝑖𝑡 = 𝛽1∆𝑙𝑛𝐺𝐹𝑖𝑡 + 𝛽2∆𝑙𝑛𝐺𝐺𝐷𝑃𝑖𝑡 + 𝛽3∆𝑙𝑛𝐺𝐷𝑃𝑖𝑡 + 𝛽4∆𝑙𝑛𝐹𝐺𝐿𝑖𝑡 + 𝛽5∆𝑙𝑛𝐶𝐴𝑃𝑖𝑡 + ∑ 𝑐𝑡∆𝐷𝑡

𝑇

𝑡=2

+ 𝑢𝑖𝑡  (2) 

 

Each independent variable’s parameter estimate is derived using the following relationship: 

 

𝛽̂𝐴𝑀𝐺 = 𝑁−1 ∑ 𝛽̂𝑖

𝑁

𝑖=1

 (3) 

 

The final stage entails exploring causal relationships among the variables using the Dumitrescu-

Hurlin panel bootstrap causality approach, which relies on a bootstrap procedure. This test examines 

causality by estimating a model of the following form: 

 

𝑦𝑖𝑡 = 𝛼𝑖 + ∑ 𝛾𝑖
𝑘𝑦𝑖,𝑡−𝑘 + ∑ 𝛽𝑖

𝑘𝑥𝑖,𝑡−𝑘 + 𝜀𝑖,𝑡

𝐾

𝑖=1

𝐾

𝑖=1

 (4) 
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This procedure computes W ̅ and Z ̅ test statistics, which are then compared against the bootstrap 

critical values provided by Dumitrescu and Hurlin [79] to determine whether a causal relationship 

exists among the variables. Under the null hypothesis, there is no causality, while the alternative 

hypothesis indicates that causality does exist. 

4. Findings and Discussion 

This section presents the empirical findings obtained from the methodological procedures 

outlined above. Specifically, the results seek to answer four key research questions posed in the 

introduction. To address these questions, the section initially presents the descriptive statistics, the 

results from cross-sectional dependence and slope homogeneity tests, followed by the outcomes of 

unit root and cointegration analyses. Subsequently, long-run coefficient estimates from AMG, 

FMOLS, and DOLS methods are interpreted, and the section concludes with a detailed discussion of 

causal relationships among the variables and their policy implications. 

Table 2 presents descriptive statistics, summarizing key characteristics of the panel dataset 

utilized in this study, which covers 13 countries over the period from 1992 to 2020. The descriptive 

statistics inform the subsequent methodological steps by highlighting key characteristics of the 

dataset that require special consideration. Specifically, the significant deviations from normality 

identified through the Jarque–Bera test for variables such as lnGF and lnFGL indicate potential 

outliers or non-linearities. Additionally, the varying levels of skewness and kurtosis, especially the 

high kurtosis in lnGF and lnFGL, suggest heterogeneity across the panel. 

Table 2. Descriptive statistics of the variables. 

 lnEF lnGF lnGGDP lnGDP lnFGL lnCAP 

Mean 0.788 1.252 0.717 4.606 1.885 1.344 

Median 0.771 1.294 0.716 4.611 1.906 1.345 

Std. dev. 0.104 0.340 0.169 0.116 0.070 0.058 

Min. 0.539 -0.244 0.334 4.291 1.515 1.175 

Max. 1.038 1.798 1.200 4.884 1.962 1.505 

Skewness 0.387 -1.195 -0.043 0.201 -2.148 0.062 

Kurtosis 2.678 5.293 2.933 3.109 8.883 2.994 

Jarque-Bera 10.304 160.567 0.175 2.542 776.151 0.228 

Prob. 0.005 0.000 0.916 0.280 0.000 0.891 

Obs. 351 351 351 351 351 351 

 

Given these statistical features, the next step of the methodology—testing for cross-sectional 

dependence and slope homogeneity—is critical. Identifying cross-sectional dependence is important 

due to potential spillover effects or common shocks across countries, while testing for slope 

homogeneity is essential to determine whether the relationships among variables differ significantly 

across countries. Furthermore, these preliminary findings reinforce the necessity of employing 

second-generation unit root and cointegration tests, as well as robust estimators such as the AMG 

estimator, which effectively address data heterogeneity, cross-sectional dependence, and potential 

endogeneity issues identified in the descriptive statistics. 

Table 3 presents the correlation matrix illustrating the strength and direction of linear 

relationships among the variables analyzed. Contrary to theoretical expectations, the results show 

that green finance (lnGF) and green growth (lnGGDP) exhibit positive correlations with ecological 

footprint (lnEF), at 0.030 and 0.547, respectively. This finding suggests that, in this preliminary 

analysis, increases in green finance and green growth unexpectedly coincide with a higher ecological 

footprint. 

Table 3. Correlation matrix of model variables. 
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Variables lnEF lnGF lnGGDP lnGDP lnFGL lnCAP 

lnEF 1.000      

lnGF 0.030 1.000     

lnGGDP 0.547 0.219 1.000    

lnGDP 0.415 0.075 0.214 1.000   

lnFGL 0.241 0.091 0.228 0.065 1.000  

lnCAP 0.058 0.122 0.057 0.082 0.108 1.000 

 

On the other hand, the findings align with theoretical predictions for economic growth (lnGDP 

= 0.415), financial globalization (lnFGL = 0.241), and capital formation (lnCAP = 0.058), which all 

display positive correlations with ecological footprint. The correlation values among independent 

variables remain relatively low (all below 0.25), indicating minimal multicollinearity concerns. This 

supports their combined use in subsequent econometric procedures. 

The results of Pesaran’s CD test, used to examine the presence of cross-sectional dependence 

among the variables, are reported in Table 4. The CD-test statistics and corresponding p-values reveal 

significant cross-sectional dependence for each variable at the 1% significance level (p-value = 0.000). 

According to these results, the null hypothesis of no cross-sectional dependence is rejected for all 

variables, confirming significant cross-sectional dependence within the panel. This implies that a 

shock occurring in one country can potentially propagate and affect other countries within the panel. 

Table 4. Cross-Sectional Dependence (CD) test results. 

Variables CD-test p-value Corr. Abs(corr.) 

lnEF 28.64 0.000 0.624 0.625 

lnGF 11.53 0.000 0.251 0.369 

lnGGDP 37.81 0.000 0.824 0.824 

lnGDP 39.71 0.000 0.865 0.865 

lnFGL 32.61 0.000 0.711 0.714 

lnCAP 7.19 0.000 0.157 0.400 

 

The results of slope homogeneity tests developed by Pesaran and Yamagata and Blomquist and 

Westerlund are presented in Table 5. According to these findings, the null hypothesis of slope 

homogeneity is rejected, indicating that slope coefficients differ significantly across countries. This 

implies that the analysis allows for the use of estimation techniques suitable for heterogeneous panel 

data, which are capable of capturing variations in slope coefficients across countries—an important 

consideration given the structural and policy differences among the 13 nations analyzed. 

Table 5. Slope homogeneity test results. 

Title 1 Test statistics t-statistics p-value 

Pesaran and Yamagata  

(2008) 

∆̃ 12.724*** 0.000 

∆̃𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑  14.784*** 0.000 
Blomquist and Westerlund 

(2013) 
∆̃ 2.742*** 0.006 

∆̃𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑  3.401*** 0.001 

Note: *** denotes significance at the 1% level. 

 

To assess the stationarity properties of the variables, Pesaran’s CADF test is applied under both 

constant and constant-trend specifications. The unit root test results, presented in Table 6, indicate 

that none of the variables are stationary at level, but all become stationary after first differencing. This 

confirms that the variables are integrated of order one, I(1). Establishing the same order of integration 

across variables is essential for proceeding with cointegration analysis in the next step. 
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Table 6. Panel unit root test results. 

 Variables Constant Constant and trend 

Level lnEF -1.717 -2.638 

lnGF -1.973 -2.443 

lnGGDP -1.745 -2.314 

lnGDP -1.629 -2.496 

lnFGL -1.746 -2.446 

lnCAP -1.612 -1.945 

First difference lnEF -2.902*** -4.037*** 

lnGF -2.987*** -3.817*** 

lnGGDP -3.849*** -3.827*** 

lnGDP -2.602*** -2.693* 

lnFGL -3.260*** -3.321*** 

lnCAP -2.907*** -3.168*** 

Note: *** denotes significance at the 1% level, and * denotes significance at the 10% level. 

The results of the unit root analysis allowing for the application of the Kao, Pedroni, and 

Westerlund cointegration tests. The empirical findings, shown in Table 7, provide robust evidence in 

favor of cointegration among the variables, as the null hypothesis of no cointegration is rejected in 

most cases. In the Westerlund test, two of the four test statistics—Gt (–9.076, p = 0.000) and Pt (–

15.393, p = 0.000)—are statistically significant at the 1% level, indicating strong evidence of 

cointegration. Although the Ga and Pa statistics are not significant, the significant Gt and Pt values 

are sufficient to support the presence of a long-run relationship. The additional variance ratio test 

also supports cointegration at the 5% level (–1.668, p = 0.047). 

Table 7. Cointegration tests results. 

Westerlund (2007)  Value Z-value p-value 

Gt  -9.076*** -24.324 0.000 

Ga  -1.201   6.025 1.000 

Pt -15.393***  -6.325 0.000 

Pa -12.157  -0.364 0.358 

Pedroni   Test statistic p-value 

Modified Phillips-Perron t                      0.106 0.457 

Phillips-Perron t                             -8.311*** 0.000 

Augmented Dickey-Fuller t                     -8.625*** 0.000 

Kao   Test statistic p-value 

Modified Dickey-Fuller t                      -5.614*** 0.000 

Dickey-Fuller t    -5.854*** 0.000 

Augmented Dickey-Fuller t    -0.220 0.413 

Unadjusted modified Dickey-Fuller t  -13.518*** 0.000 

Unadjusted Dickey-Fuller t    -8.145*** 0.000 

Westerlund   Test statistic p-value 

Variance Ratio  -1.668** 0.047 

Note: *** and ** denote significance at the 1% and 5% levels, respectively. The cointegration tests account for the 

cross-sectional dependence (CSD) structure. 

Similarly, the Pedroni test results show that the Phillips-Perron t-statistic (–8.311) and the 

Augmented Dickey-Fuller t-statistic (–8.625) are highly significant at the 1% level (p = 0.000), 

confirming cointegration. Although the modified Phillips-Perron t-statistic is not significant, the 

strong results from the other two tests reinforce the cointegration evidence. The Kao test further 

supports these findings, with the modified Dickey-Fuller t-statistic (–5.614), Dickey-Fuller t-statistic 
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(–5.854), and unadjusted Dickey-Fuller t-statistics (–13.518 and –8.145) all significant at the 1% level. 

Only the Augmented Dickey-Fuller t-statistic (–0.220, p = 0.413) fails to reject the null, but the overall 

evidence remains overwhelmingly in favor of a long-run relationship. 

These results confirm the existence of a cointegrated system among green finance, green growth, 

economic growth, financial globalization, capital formation, and ecological footprint. This implies 

that these variables move together over the long term and that any disequilibrium is likely to be 

temporary. Establishing cointegration justifies the estimation of long-run coefficients and allows for 

meaningful interpretation of both the direction and magnitude of these relationships. 

The findings obtained from the AMG estimator, which was applied to estimate the long-run 

coefficients of the model variables, are presented in Table 8. The coefficient for green finance is found 

to be –0.023 and statistically significant, indicating that a 1% increase in green finance leads to a 

0.023% decrease in the ecological footprint. This result suggests that green finance plays a meaningful 

role in reducing environmental degradation, reinforcing its position as an environmentally friendly 

financial mechanism. 

Table 8. AMG estimation results. Dependent variable: lnEF. 

 Coefficient Standard error p-value 

lnGF -0.023* 0.013 0.073 

lnGGDP -0.133* 0.071 0.063 

lnGDP  0.359*** 0.088 0.000 

lnFGL  0.237** 0.114 0.039 

lnCAP  0.202*** 0.078 0.010 

Constant -1.444*** 0.347 0.000 

Wald χ2 34.00   

Prob. 0.000   

RMSE 0.014   

Obs. 351   

Number of countries 13   

Note: *** denotes significance at the 1% level, ** at the 5% level, and * at the 10% level. 

This outcome implies that the countries included in the study have made significant progress in 

green financial development, actively prioritizing environmentally responsible financing practices as 

a means of addressing ecological challenges. The finding aligns with theoretical expectations and is 

consistent with previous empirical research. In particular, it supports the results of Tariq and Hassan 

[80], who examined 70 countries using the GMM approach, and Udeagha and Ngepah [81], who 

analyzed environmental sustainability determinants in BRICS countries using the CS-ARDL method 

and Jóźwik et al.[82], who analyzed the USA and leaders of nuclear energy consumers [83] . These 

parallels reinforce the credibility and generalizability of the current study’s results in the broader 

literature on green finance and environmental sustainability. 

In the long run, the coefficient for green growth is found to be –0.133 and statistically significant, 

indicating that a 1% increase in green growth leads to a 0.133% reduction in the ecological footprint. 

This negative relationship suggests that green growth contributes to lowering environmental 

degradation, confirming the effectiveness of green growth practices in the sampled countries. These 

findings highlight those policies focused on green growth—such as improving CO₂ productivity, 

promoting renewable energy efficiency, and adopting cleaner technologies—have yielded 

substantial environmental benefits. The result is consistent with Lin and Ullah [25], who, using ARDL 

and DOLS methods, found that green growth reduces CO₂ emissions in Pakistan in both the short 

and long run. Further support comes from Lin and Ullah [84], who employed the DARDL approach 

and confirmed a long-run negative relationship between green growth and environmental 

degradation, reinforcing the present study’s conclusion. 
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Conversely, the coefficient for economic growth is 0.359 and statistically significant, meaning 

that a 1% increase in economic growth results in a 0.359% rise in the ecological footprint. This 

suggests that, for the countries analyzed, higher levels of economic activity are associated with 

greater environmental pressure. This finding supports the view that economic growth—particularly 

when driven by industrial production and increased energy consumption—can lead to higher 

demand for fossil fuels, thus exacerbating environmental degradation. The result aligns with Luo et 

al. [85], who found that economic growth intensifies environmental pollution in low- and middle-

income Asian countries, based on panel MG estimations. However, it contrasts with the findings of 

Qamri et al. [86], who reported that economic growth reduces environmental pollution in a study of 

21 Asian countries, highlighting the regional and structural differences that may influence the nature 

of this relationship. 

Another important long-term finding is that financial globalization has a positive and significant 

coefficient of 0.237, suggesting that a 1% increase in financial globalization leads to a 0.237% increase 

in the ecological footprint. This result indicates a positive relationship between financial globalization 

and environmental degradation, implying that increased financial integration—through foreign 

direct investment or cross-border capital flows—may be contributing to pollution, especially if 

financial resources are allocated to high-emission or resource-intensive industries. This outcome 

highlights a potential unintended consequence of financial openness, where environmental 

considerations may be secondary to economic or investment objectives. The result is consistent with 

the findings of Ahmad et al. [87], who, using CS-ARDL and CCEMG techniques, showed that 

financial globalization negatively impacts environmental quality in G-11 countries. 

In addition, the capital formation coefficient is also positive and significant, with a value of 0.202, 

indicating that a 1% increase in capital leads to a 0.202% increase in the ecological footprint. This 

result suggests that capital accumulation contributes to environmental degradation by driving up 

production, industrial activity, and demand for energy—particularly fossil fuels. As capital 

investment often supports infrastructure and manufacturing expansion, it may unintentionally raise 

environmental pressure if not directed toward sustainable or low-carbon projects. This finding is in 

line with the results of Mujtaba et al. [30], who observed a similar relationship in OECD countries, 

and Li et al. (2023), who reported that capital formation exacerbates ecological footprints in G20 

economies. It should be added, however, that Capital formation, particularly through foreign direct 

investment (FDI), can influence the environment in both positive and negative ways [88]. Together, 

these results underscore the need for environmentally conscious investment strategies, even in the 

context of economic development. 

The findings of the FMOLS and DOLS estimators, which are employed to verify the robustness 

of the AMG long-run estimates, are presented in Table 9. Both estimation techniques yield results 

that are consistent with the AMG findings, thereby reinforcing the reliability and stability of the 

empirical results. Specifically, green finance and green growth are found to have a negative and 

significant impact on the ecological footprint, indicating their effectiveness in mitigating 

environmental degradation. In contrast, economic growth, financial globalization, and capital 

formation exhibit positive and significant coefficients, confirming their roles in increasing the 

ecological footprint and contributing to environmental pressure. 

Table 9. Robustness check: FMOLS and DOLS estimation results. Dependent variable: lnCO₂ 

Variable FMOLS Coefficient p-value DOLS Coefficient p-value 

lnGF -0.726*** 0.000 -0.011*** 0.000 

lnGGDP -0.785*** 0.000 -0.594*** 0.000 

lnGDP  0.994*** 0.000  0.690*** 0.000 

lnFGL  0.075** 0.029  0.090 0.288 

lnCAP  0.174*** 0.000  0.343*** 0.000 

Constant       

Obs. 351  351  
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No. of countries 13  13  

Note: *** denotes significance at the 1% level, ** at the 5% level. 

Although the AMG, FMOLS, and DOLS estimators provide valuable insights into the long-run 

effects of each independent variable on the ecological footprint, they do not offer evidence regarding 

the direction of causality between variables. To address this, the Dumitrescu-Hurlin panel bootstrap 

causality test is employed, and the results are presented in Table 10. 

Table 10. Panel bootstrap causality test results. Dumitrescu–Hurlin Approach (Dependent variable: lnEF). 

Null Hypothesis W-stat. Zbar-stat. Bootstrap p-value Results 

lnGF  ≠˃ lnEF  2.438   3.666* 0.055 lnGF → lnEF 

lnEF  ≠˃ lnGF  1.163   0.417 0.815 No 

lnGGDP ≠˃ lnEF  4.869   9.866*** 0.010 lnGGDP ⇄ lnEF 

lnEF ≠˃ lnGGDP  3.620   6.681** 0.015 lnEF ⇄ lnGGDP 

lnGDP ≠˃ lnEF  4.652   9.312*** 0.010 nGDP → lnEF 

lnEF ≠˃ lnGDP  1.276   0.706 0.695 No 

lnFGL ≠˃ lnEF  7.301   4.208* 0.095 lnFGL → lnEF 

lnEF ≠˃ lnFGL  4.796   1.015 0.640 No 

lnCAP ≠˃ lnEF  2.673   4.266* 0.060 lnCAP → lnEF 

lnEF ≠˃ lnCAP  2.421   3.623 0.135 No 

Note: ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively. Bootstrapped p-values are 

based on 500 replications. The optimal lag length was selected using the Schwarz Information Criterion (SIC). 

The causality analysis reveals several important findings. First, there is unidirectional causality 

running from green finance to the ecological footprint, indicating that changes in green finance 

Granger-cause changes in environmental sustainability. This result is consistent with Numan et al. 

[22], who found similar evidence in their study of 13 countries. Second, the results indicate a 

bidirectional causality between green growth and ecological footprint, suggesting a mutual 

relationship in which green growth affects environmental outcomes, and environmental pressures 

may also influence the adoption of green growth strategies. This aligns with the findings of Ahmad 

and Wu [43] for OECD countries and Lin and Ullah [84], who reported a similar two-way relationship 

between green growth and CO₂ emissions in Pakistan. 

Additionally, the analysis shows that economic growth causes the ecological footprint, 

confirming that rising income levels contribute to environmental degradation. This result is in line 

with Bakry et al. [23], who documented a similar causal effect across 76 developing countries. 

Moreover, a unidirectional causality is identified from financial globalization to ecological footprint, 

highlighting the environmental consequences of increased financial openness. This finding supports 

the results of Wang et al. [89], who observed the same direction of causality for countries involved in 

the One Belt One Road (OBOR) initiative. 

Finally, the results show a one-way causality from capital formation to the ecological footprint, 

suggesting that increases in capital accumulation drive environmental degradation. However, this 

finding contrasts with Li et al. [24], who found no causal relationship between capital and ecological 

footprint, indicating that the effect of capital formation on environmental outcomes may vary 

depending on the country group or methodology used. 

5. Conclusion and Policy Implications 

Global warming, climate change, and environmental degradation pose serious ecological threats 

worldwide, underscoring the urgency of pursuing a sustainable environment. In this context, the role 

of green finance has become increasingly significant. This study investigates the relationship between 

green finance and the ecological footprint in 13 countries with the highest levels of green financial 

development, while also examining the impact of green growth, economic growth, financial 
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globalization, and capital on environmental degradation. Long-term effects are estimated using 

AMG, FMOLS, and DOLS methods, and causality relationships are analyzed with the Dumitrescu-

Hurlin panel bootstrap technique. 

The findings confirm that all variables are cointegrated. In the long run, green finance and green 

growth reduce the ecological footprint—and thus environmental degradation—whereas economic 

growth, financial globalization, and capital exert a positive effect, increasing environmental pressure. 

The causality analysis shows a bidirectional relationship between green growth and the ecological 

footprint, while green finance, economic growth, financial globalization, and capital are found to 

cause the ecological footprint unidirectionally. 

These empirical results have direct implications for policymakers. Of particular importance is 

the observation that green finance and green growth effectively mitigate environmental pollution. As 

Chin et al. [35] suggest, policymakers can subsidize green loan interest rates, reduce corporate taxes, 

and establish green loan guarantee schemes. They can also provide green loans to firms for projects 

that mitigate environmental damage and encourage these companies to adopt environmentally 

friendly raw materials and green technologies. Expanding the market for green bonds—an essential 

green finance tool—further supports green growth and enhances environmental quality. 

The damage caused by traditional economic growth to the environment elevates the significance 

of green growth strategies. As emphasized by Mujtaba et al. [30], policymakers should prioritize 

cleaner investments, provide additional incentives for businesses and industries that generate and 

use renewable energy, and concentrate on developing ecosystem-friendly renewable energy sources, 

adhering to a realistic green growth and green economy approach. 

Because financial globalization can exacerbate environmental degradation, foreign direct 

investments and other financial flows—the core components of financial globalization—should be 

redirected toward ecological innovations and renewable energy, thus mitigating negative 

environmental impacts. Well-developed financial markets can offer more extensive funding for green 

initiatives and the transfer and production of eco-friendly technologies. Similarly, measures to 

minimize the adverse effects of capital formation should be implemented, such as supporting green 

technological innovations and renewable energy investments in firms with significant capital. 

This study focuses on the relationship between green finance and the ecological footprint 

without including CO₂ emissions or load capacity factor criteria as indicators of environmental 

degradation. It also excludes determinants like green innovations, economic complexity, institutional 

quality, and geopolitical risk, which have appeared in recent regression models. Moreover, the 

sample only includes the 13 countries with the strongest green financial development; consequently, 

the study does not compare results with countries displaying lower levels of green financial 

development. Addressing these limitations in future research could facilitate more comprehensive 

empirical findings and policy recommendations. Methodologically, incorporating CS-ARDL and CS-

DL estimators alongside AMG may offer even more robust empirical evidence. 
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