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Abstract 

This study explores the relationship between ecological footprint (EF), green energy adoption, 

and environmental technological innovation in G7 nations over the period 1990 to 2024. 

Utilizing advanced panel econometric techniques, including panel quantile regression (PQR) 

and cointegration analysis, this study provides a more comprehensive understanding of their 

interconnected impacts. The findings suggest that while renewable energy and technological 

innovation contribute to reducing ecological degradation, their effectiveness depends on 

regulatory policies, economic conditions, and the extent of industrialization within each nation. 

The results also indicate that globalization has a mixed influence, enhancing sustainability in 

some cases while exacerbating environmental challenges in others. Additionally, the continued 

reliance on natural resources presents a significant obstacle to sustainability goals, highlighting 

the need for well-structured policy interventions. Despite notable advancements in clean 

energy and innovation, G7 nations still exhibit substantial ecological footprints, suggesting that 

existing strategies require further refinement. This study emphasizes the importance of 

integrated, context-specific policies aligned with the Sustainable Development Goals (SDGs) 

and recommends enhanced international collaboration, targeted investments in green 

technologies, and stronger environmental governance to promote long-term ecological balance. 

Keywords: Ecological Footprint, Globalization Impact, Renewable Energy Adoption, 

Sustainable Development Goals (SDGs), Technological Innovation. 
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1. Introduction 

Environmental sustainability has become a critical challenge for the G7 nations, which, despite 

their leadership in economic and technological development, continue to face significant 

environmental pressures. The ecological footprint (EF) provides a comprehensive measure of 

the environmental impact of human activities, including land use, energy consumption, and 

resource depletion. Land uses such as agriculture, grazing land, fishing grounds, forest land, 

and built-up regions are all included in the EF. An unsustainable pressure on natural resources 

is indicated when human demand surpasses Earth's biocapacity. This can exacerbate problems 

like food poverty, climate instability, and biodiversity loss and result in longer recovery times 

for the ecosystem (Xu et al. 2022).  Addressing these challenges requires a multifaceted 

approach that integrates green energy adoption, environmental technological innovation, and 

globalization dynamics. However, the effectiveness of sustainability policies varies across 

nations, depending on regulatory environments, economic conditions, and technological 

advancements (Abbasi et al. 2022; Zeeshan et al., 2022).  Figure 1 of this study illustrates the 

historical trends in the ecological footprint across G7 countries, highlighting the pressing need 

for sustainable practices. 

 

 

Figure 1 Historical trends of ecological footprints in G-7 

The 2018 report on the Sustainable Development Goals (SDG) highlights the increasing 

divergence between the drive for economic expansion and the requirements of sustainability. 

According to UN papers, increased industrialization is the main cause of this disconnect and 
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poses a serious obstacle to reaching SDG 13 (Climate Action). The overseas flow of resources 

has been made easier by globalization, which has increased the environmental impact of 

patterns of production and consumption. Nevertheless, using fossil fuels exclusively continues 

to be a major obstacle to reaching SDG 7 (Affordable and Clean Energy). Since the unregulated 

pace of globalization and industrialization undermines the foundations of sustainable 

development in industrialized economies, ignoring these issues could jeopardize the goals of 

SDG 8 (Decent Work and Economic Growth). 

Stricter energy and environmental laws have been the goal of recent environmental policy 

measures, especially those influenced by the Kyoto Protocol, in an effort to lessen 

environmental impact (Acheampong et al. 2022; Xu et al. (2022)). The G7 countries' changing 

demographics have influenced these efforts, posing particular difficulties. Potential labour 

shortages, a rise in the need for elder care, and changes in household composition are some of 

the economic effects of an aging population. These factors can also affect patterns of energy 

use and, in turn, the environmental impact. The aging population's impact on exports, 

healthcare, transportation, and technology adoption, among other broader economic tactics, 

emphasizes how complex its effects are on the environment. 

The connection between ecological sustainability, technological innovation, globalization, and 

natural resources in the G7 countries is still infrequently studied in academic research, despite 

the importance of these topics. By creating a policy framework that is in line with the SDGs 

and particularly addresses the particular environmental issues that the G7 countries confront, 

this study seeks to close this gap. Through an examination of the confluence of globalization, 

renewable energy development, and natural resources, this study aims to make practical policy 

recommendations that will direct the G7 nations toward ecological sustainability. Although 

specifically designed for the G7, the suggested framework has wider ramifications for other 

developed countries striving for comparable sustainability objectives. The significance of this 

study is found in the formulation of an SDG-focused policy agenda, which tackles the pressing 

requirement of incorporating environmental sustainability into the economic growth paths of 

the world's most developed economies. In order to support the goals of international initiatives 

like the G7 summit and the Conference of the Parties (COP26), the research also aims to 

stimulate worldwide discourse on policy realignment.  

 

 



2. Literature Review 

An increasingly important metric for evaluating the sustainability of human activity is the 

ecological footprint (EF), particularly in light of global concerns about resource depletion, 

climate change, and environmental degradation. The relationship between economic growth, 

innovation, natural resources, and the ecological footprint has been the subject of numerous 

studies, which have demonstrated the intricate interactions between these factors and their 

combined effects on environmental sustainability (Abbasi et al., 2022; Ali et al., 2022; Shao et 

al., 2021). In order to lay the groundwork for the current study, this part examines the body of 

research on the relationship between ecological footprints and important independent factors, 

such as globalization, renewable energy, environmental technological innovation, and natural 

resources. 

2.1 Previous studies on ecological Footprints and Environmental Technological Innovation 

nexus 

The ecological footprint and environmental technology innovation have a complicated and 

nuanced relationship. Depending on how it is applied, technological innovation can either 

lessen or accelerate environmental degradation, which makes it a dual role in environmental 

sustainability. On the one hand, technological developments have resulted in the creation of 

energy-efficient systems, cleaner industrial techniques, and pollution control measures that 

lessen their impact on the environment. Alola et al. (2022), for example, discovered that 

technological innovation, when combined with policies that encourage it and investment in 

green technologies, greatly mitigates environmental degradation. In a similar vein, De Marchi 

and Grandinetti (2013) contend that, given a robust regulatory framework, eco-innovations in 

the industrial sector can significantly reduce environmental effect. Nevertheless, other research 

has shown that technical developments can also result in higher resource consumption and 

waste production, especially when economic expansion takes precedence over sustainability 

(Akadiri et al., 2022). This phenomenon, also known as the rebound effect, implies that a net 

increase in the ecological footprint may result from increasing demand for products and 

services, offsetting the environmental benefits of technological innovation (York & McGee, 

2016). 

 

 



2.2 Literature on association between Ecological Footprints and Renewable Energy 

It is commonly known that increasing environmental sustainability and reducing the ecological 

footprint need the use of renewable energy. Many studies have demonstrated how renewable 

energy can help mitigate environmental degradation by lowering dependency on fossil fuels 

and reducing greenhouse gas emissions (Chien et al., 2022; Fareed et al., 2022). For instance, 

Shahbaz et al.'s research from 2020 highlights that using more renewable energy greatly 

reduces the ecological footprint, particularly in countries with robust legal frameworks and 

financial incentives encouraging the use of clean energy. Furthermore, preliminary empirical 

results by Apergis and Payne (2010) highlight the long-term environmental benefits of 

switching to renewable energy by showing a positive association between the use of renewable 

energy and environmental quality in OECD nations. The switch to renewable energy is not 

without its difficulties, though, since it will require significant upfront costs, technological 

know-how, and infrastructure development. In addition, it's important to carefully control the 

environmental effects of renewable energy technologies, including wind turbines and solar 

panels, to avoid unforeseen ecological repercussions (Ansari et al., 2021). As a result, even 

while renewable energy is a crucial tool for lowering the ecological footprint, its full 

environmental benefits can only be realized through proper planning and management 

throughout installation. 

2.3 Ecological Footprints and Globalization nexus  

The production and consumption patterns that are impacted by globalization have a major 

impact on the ecological footprint. Rapid cross-border movement of resources, goods, and 

services is a result of economies becoming more integrated, and this has both beneficial and 

detrimental effects on environmental sustainability (Ali et al., 2022). Globalization has the 

potential to promote the adoption of eco-friendly technologies and best practices worldwide, 

hence reducing the ecological footprint (Shao et al., 2021). Furthermore, international trade 

can enhance the environment if it promotes the spread of greener technologies and more 

effective manufacturing methods, according to Frankel and Rose (2005). However, it can also 

result in the overuse of natural resources, a rise in transportation-related carbon emissions, and 

the transfer of production processes that are harmful to the environment to nations with weak 

environmental laws—a phenomenon referred to as the pollution haven hypothesis (Copeland, 

2008). The environmental costs of globalization frequently exceed its advantages, according to 

other academics like Jorgenson and Clark (2012), especially in less developed nations with 



laxer environmental rules. According to the literature, the effects of globalization on the 

ecological footprint vary greatly depending on the local economic and environmental policies 

in different sectors and areas. 

A number of important gaps remain unresolved in the significant corpus of research examining 

the relationship between the ecological footprint and diverse aspects like technological 

innovation, renewable energy, globalization, and natural resources. The dual impact of 

technological innovation on the ecological footprint has not yet been thoroughly explored in 

the literature, especially with regard to any potential drawbacks that can arise from innovations 

meant to increase sustainability. Furthermore, even though the advantages of renewable energy 

are widely established, a thorough examination of the real-world obstacles to its adoption in 

developed economies such as the G7 countries is lacking. Furthermore, not enough attention 

has been paid to how globalization affects different economic and regulatory contexts in these 

nations in relation to environmental sustainability. Addressing these gaps, the objectives of this 

study are to analyse the dual impact of technological innovation on the ecological footprint, 

assess the challenges and strategies for renewable energy implementation, evaluate the effects 

of globalization in varying contexts, and investigate the role of natural resource in shaping 

environmental outcomes. Ultimately, this research aims to develop a policy framework aligned 

with the Sustainable Development Goals (SDGs) to guide G7 nations and other developed 

countries toward achieving ecological sustainability. A summary of some reputed previous 

studies has been shown in Table 1.  



S. 

No 

Author(s) Main Variable 

(Country) 

Data & 

Methodology 

Results & Findings 

1 Abbasi et al. 

(2022) 

Energy 

Consumption 

(EC), Economic 

Growth (EG), 

environmental 

degradation 

(Developed 

economies) 

Panel data, PMG-

ARDL model 

Globalization exacerbates 

environmental degradation, 

while EG and EC are 

significant contributors. 

Globalization has an 

asymmetrical impact. 

2 Acheampon

g et al. 

(2022) 

EG, EC, CO2 

emissions (Sub 

Saharan Africa) 

Panel data, Fixed 

effects model, 

Granger causality 

test 

EG and EC significantly 

increase CO2 emissions, with 

EC being the primary driver. 

3 Akadiri et 

al. (2022) 

Energy 

consumption, 

economic growth, 

environmental 

degradation 

(Global) 

Panel data, Dynamic 

GMM 

EC has a significant and 

positive impact on 

environmental degradation, 

and EG also contributes, with 

the relationship being 

bidirectional. 

4 Ali et al. 

(2022) 

Globalization, 

environmental 

degradation (G7 

countries) 

Panel quantile 

regression 

Globalization has an 

asymmetric impact on 

environmental degradation 

across different quantiles, 

with higher quantiles 

experiencing a more 

significant adverse effect. 

5 Alola et al. 

(2022) 

Renewable 

energy 

consumption, 

environmental 

degradation 

(Global) 

Panel data, Dynamic 

GMM 

Renewable EC mitigates 

environmental degradation, 

while technological 

innovation and financial 

development further enhance 

this effect. 

6 Ansari et al. 

(2021) 

Economic 

growth, 

renewable energy, 

globalization, 

environmental 

degradation 

(BRICS) 

Panel data, FMOLS, 

DOLS 

Renewable energy reduces 

environmental degradation, 

while EG and globalization 

contribute to environmental 

degradation in BRICS 

countries. 



7 Awosusi et 

al. (2022) 

Energy 

consumption, 

FDI, 

globalization, 

environmental 

degradation 

(Emerging 

economies) 

Panel data, Fixed 

effects model, 

Granger causality 

test 

EC and FDI significantly 

contribute to environmental 

degradation, while 

globalization has a mixed 

impact across different 

countries. 

8 Chien et al. 

(2022) 

Renewable 

energy, economic 

development, 

environmental 

degradation 

(Global) 

Panel data, Fixed 

effects model, 

Granger causality 

test 

Renewable energy positively 

impacts economic 

development and reduces 

environmental degradation, 

with financial development 

playing a crucial role in this 

relationship. 

9 Copeland 

(2008) 

International 

trade, 

environmental 

regulations 

(Global) 

Theoretical model, 

Econometric 

analysis 

International trade can lead to 

environmental degradation, 

particularly in countries with 

less stringent environmental 

regulations, supporting the 

Pollution Haven Hypothesis. 

10 Dingru et al. 

(2021) 

Economic 

growth, energy 

consumption, 

environmental 

degradation 

(Developing & 

Developed 

countries) 

Panel data, FMOLS, 

DOLS 

Both EG and EC lead to 

environmental degradation, 

with more pronounced effects 

in developing countries. 

11 Fareed et al. 

(2022) 

Renewable 

energy, FDI, 

financial 

development, 

environmental 

sustainability 

(Belt and Road 

countries) 

Panel data, Dynamic 

GMM 

Renewable energy and 

financial development 

contribute to environmental 

sustainability, while FDI has a 

mixed impact depending on 

the host country's regulatory 

environment. 

12 Hussain et 

al. (2022) 

Green innovation, 

financial 

performance 

(Global) 

Panel data, Fixed 

effects model 

Green innovation positively 

impacts financial 

performance, with firm size 

and financial constraints 

moderating this relationship. 



13 Kazan 

(2020) 

Financial 

markets, 

EG(Emerging 

markets) 

Panel data, 

Cointegration 

analysis 

Financial markets are 

significant drivers of EG in 

emerging markets, with long-

term positive effects. 

14 Kirikkaleli 

(2021) 

Environmental 

quality, renewable 

energy 

consumption, 

EG(OECD 

countries) 

Panel data, FMOLS, 

DOLS 

Renewable EC improves 

environmental quality, while 

EG can have both positive and 

negative effects depending on 

the energy mix. 

15 Miao et al. 

(2022) 

FDI, 

environmental 

degradation, 

financial 

development 

(BRICS 

countries) 

Panel data, PMG-

ARDL model 

FDI contributes to 

environmental degradation, 

but this effect is moderated by 

financial development, 

particularly in BRICS 

countries. 

16 Pesaran 

(2015) 

Cross-sectional 

dependence 

(Global) 

Theoretical model, 

Econometric 

analysis 

Introduces a method for 

testing cross-sectional 

dependence in large panels, 

improving the accuracy of 

econometric analyses. 

17 Razzaq et 

al. (2021) 

Renewable 

energy, financial 

development, 

environmental 

quality (Pakistan) 

QARDL approach Renewable energy improves 

environmental quality, with 

financial development having 

an asymmetric impact across 

different quantiles. 

18 Shahbaz et 

al. (2020) 

Renewable 

energy 

consumption, 

trade, 

environmental 

quality (BRICS 

countries) 

Panel data, FMOLS, 

DOLS 

Renewable energy and trade 

improve environmental 

quality, though the impact of 

trade varies depending on the 

country and its environmental 

policies. 

19 Shao et al. 

(2021) 

Globalization, 

environmental 

degradation 

(OECD countries) 

Panel data, Dynamic 

GMM 

Globalization leads to 

environmental degradation, 

but the impact is moderated 

by the level of economic 

development and regulatory 

policies in OECD countries. 

20 Tang et al. 

(2022) 

Energy 

consumption, 

trade openness, 

Panel data, Dynamic 

GMM 

Both EC and trade openness 

significantly increase CO2 

emissions, with trade 



In addition to summarizing the literature, a heatmap shows the thematic focus of numerous 

investigations across a number of years. The papers are presented in chronological order, 

emphasizing important areas of research like trade openness, technological innovation, and 

environmental deterioration. The research has incorporated a wider range of factors over time, 

which is indicative of the multidisciplinary and ever-evolving nature of environmental and 

economic studies. This sequence of events highlights the ever-changing terrain of 

environmental and economic science. Figure 2 presents a number of well-known earlier studies 

on ecological footprint and related variables.  

CO2 emissions 

(Developing 

countries) 

openness having a more 

pronounced effect in 

developing countries. 

21 Uddin et al. 

(2016) 

Economic 

growth, energy 

consumption, 

environmental 

consequences 

(Australia) 

Cointegration and 

causality analysis 

EC is a key driver of 

environmental degradation, 

while EG also contributes, 

though the relationship is 

complex and bidirectional. 

22 Wackernag

el & Rees 

(2002) 

Ecological 

footprint, natural 

capital (Global) 

Theoretical model, 

Conceptual analysis 

Emphasizes the need for 

investing in natural capital to 

address ecological footprint 

issues, highlighting 

perceptual and structural 

barriers in this context. 

23 Wang et al. 

(2022) 

Environmental 

Kuznets Curve, 

energy 

consumption, 

financial 

development 

(China) 

Panel data, FMOLS, 

DOLS 

The Environmental Kuznets 

Curve is supported, with 

financial development and 

EC influencing 

environmental quality in 

China. 

24 Xu et al. 

(2022) 

Renewable 

energy, economic 

growth, 

environmental 

degradation 

(BRICS 

countries) 

Panel data, Fixed 

effects model, 

Granger causality 

test 

Renewable energy reduces 

environmental degradation, 

while economic growth's 

impact varies, with both 

positive and negative effects 

observed in BRICS countries. 



Figure 2: Heat map of existing literature 

3. Data and Methodological Procedure  

In the G7 nations, marked by swift economic growth drove by extensive fossil fuel use and 

enhanced by globalization's role in optimizing resource distribution and allocation, the capacity 

to drive economic development is apparent. This growth has subsequently led to improved 

living standards and higher average life expectancies within these populations. However, the 

continued reliance on fossil fuels in these economies has brought about significant 

environmental challenges, notably contributing to environmental degradation. The industrial 

sector, in particular, is experiencing a marked increase in energy consumption driven by 

globalization, while the current advancements in energy technology have not yet achieved 

substantial reductions in emissions.  Recognizing the growing environmental crises, the G7 

nations have taken significant steps to tackle the challenges of environmental degradation. 

Since 1990, these countries have progressively strengthened environmental regulations to curb 

the increasing ecological footprint. Consequently, 1990 is identified as a critical starting point 

for this research, with the expectation that significant economic shifts will prompt changes in 

the ecological footprint patterns in response to these regulatory measures.  



Within this context, it becomes imperative to investigate how various economic variables 

impact the ecological footprint while utilizing a theoretical framework that accounts for the 

evolving impact over a specified period. Mathematically, this framework can be represented 

as: 

       𝐸𝐹𝑖𝑡 = 𝑓(𝐸𝐺𝑖𝑡, 𝐼𝑁𝑁𝑂𝑖𝑡𝑅𝐸𝐶𝑖𝑡, 𝑁𝑅𝑖𝑡, 𝐺𝑂𝑖𝑡)                                                                  (1) 

Based on the above function, the following model is constructed in Equation 2: 

𝐸𝐹𝑖𝑡 = 𝛽0 + 𝛽1𝐸𝐺𝑖𝑡 + 𝛽2𝐼𝑁𝑁𝑂𝑖𝑡 + 𝛽3𝑅𝐸𝐶𝑖𝑡  +  𝛽4𝑁𝑅𝑖𝑡 + 𝛽5𝐺𝑂𝑖𝑡 + 𝜀𝑖𝑡    (2) 

where EF, EG, REC, NR, and GO denote ecological footprint, economic growth, renewable 

energy, natural resources, energy innovation and globalization.  

 

3.1 Data 

The empirical study draws on annual data from 1990 to 2024 to examine the impact of energy 

innovation and natural resource utilization on the ecological footprint within the G7 countries, 

which include Canada, France, Germany, Italy, the United Kingdom, and the United States. 

The ecological footprint (EF) serves as the dependent variable, quantified in global hectares 

per capita. The independent variables comprise INNO (percentage of all technologies), REC 

(renewable energy measured in kilowatt-hours), NR (total natural resource rents as a 

percentage of GDP), EG (GDP per capita), and GO (an index measure of globalization). Data 

for this analysis was sourced from a variety of platforms, including the Global Footprint 

Network, the World Bank, KOF, British Petroleum, and the OECD. Table 1 provides a detailed 

overview of the variables included in this study 

Table 1: Summary of Data Information 

Abbreviations  Variables Unit & Measurement Source 

EF Ecological Footprint Global hectares Per Person GFN  

INNO Environmental 

technological Innovation 

Percentage of all technologies OECD  

REC Renewable Energy Renewable Energy (Kwh) OECD  

NR Natural Resources Total natural resources rents (% of 

GDP) 

WB  

EG Economic Growth GDP per capita WB  

GO Globalization Index KOF  

Note: GFN: Global Footprint Network, OECD: Organisation for Economics Co-operation and 

Development, WB: World Bank 



3.2 Panel heterogeneity and cross-sectional test 

Understanding how the slopes in our analysis vary is important because it can affect our 

regression analysis and make our hypothesis testing less accurate. To do this, we used a test by 

Hashem Pesaran and Yamagata in 2008 to see if these slope values are the same or different. 

In research, we usually assume that the data we have might depend on each other, which could 

lead to incorrect conclusions. This is called cross-sectional dependency (CD), and it can happen 

between different indicators. Many studies suggest that our data should have high CD. Also, 

because the countries we're studying are closely connected economically and financially, it's 

important to check if there's cross-sectional dependency among them. This means that the 

different countries can influence each other. These methods we used also help us do unit root 

tests, which are important for more analysis. 

3.3 Results of Cointegration Analysis  

Before assessing cointegration, we first verified the stationarity of the underlying variables. 

This step is essential to determine if there are long-term relationships among the parameters, 

indicating they move in tandem over time. Panel cointegration analysis was then employed to 

explore the potential long-term connections between various economic variables. For this 

purpose, we utilized the cointegration techniques proposed by Westerlund (2007) and Pedroni 

(1999). Westerlund's method, considered a second-generation approach, offers advantages over 

earlier methods by accounting for both cross-sectional dependence (CD) and slope 

heterogeneity (SH). 

3.4 Panel Quantile regression  

Panel econometric technique i.e., panel quantile regression is used to analyse the impact of 

green energy and environmental technological innovation on ecological footprints. This model 

permits us to consider both the differences in how things are distributed and the variations that 

we can't see directly i.e., unobserved heterogeneity. The significant merits of this model are 

that it explains how distinct factors affect the ecological footprint (EF) in different parts of the 

distribution. Using the panel quantile regression model is more suitable in our case because it 

gives us a lot of useful information about the relationship between our main or dependent 

variable and the factors, more so than other methods.  Koenker and Bassett (1978) introduced 

concept of quantile regression as an extension of the classical ordinary least square (OLS) 

method. Quantile regression was initially induced by Koenker and Bassett (1978) in the 



seminal paper as an extension of the classical ordinary least square (OLS) method. We can 

summarize the relationship between the conditional quintile of Yi and Xi as follows:  

𝑄𝑦𝑖
 (𝜏|𝑥𝑖) =  𝑋𝑖

𝜏𝛽𝑇                                                                                                  (3)  

Our analysis incorporated the quantile regression (QR) technique alongside the AMG, FMOLS, 

and DOLS methods. Considering cointegration was present, AMG, FMOLS, and DOLS 

especially skilled at managing cross-sectional dependence and slope heterogeneity, were used 

to assess long-term associations. Yet for a number of reasons, QR is superior to OLS regression 

approach. Salman et al., 2019; Gyamfi et al., 2021a) note that QR solves these restrictions, in 

contrast to the default assumptions in OLS, which may be unrealistic for economic variables 

with varying distribution methods (De Silva et al., 2016). Furthermore, QR does not make any 

assumptions on the temporal dimension, as Zhu et al. (2016) pointed out, and Bera et al. (2016) 

reported that its estimates hold steady even when there are outliers. Sherwood and Wang (2016) 

also point out that there was no delivery projections created. Figure 3 depicts the methodical 

procedure's route map.  

 

 

Fig. 3. Procedural steps of study analysis 

 

1
• Preliminary Analysis

• Cross sectionaal dependence test 

• Slope Heterogenous Test

2 • Analysis of Statistical Characteristics

• Descriptive statistics

3

• Analysis of Cointegration

• Westerlund Cointegration

• Pedroni Cointegration

4

• Regression Analysis

• Quantile Regression

• Fully Modified Ordinanry Least Squares

• Dynamic ordinary least squares

5
• Causality Test

• Dumitrescu Hurlin Panel Causality 



4. Result and discussion 

 

4.1 Preliminary Analysis  

It is impossible to overstate the significance of slope heterogeneity in panel data analysis, 

especially when working with cross-country datasets such as the G7 countries. The null 

hypothesis of slope homogeneity is rejected by the slope heterogeneity test results, which show 

high variation across the slope coefficients. This result suggests that there are differences in the 

connection between the independent factors and the ecological footprint among the G7 

countries. Prior research, including Chudik & Pesaran (2015) and Shahbaz et al. (2020), has 

highlighted the need of taking slope heterogeneity into account in order to capture the complex 

impacts of explanatory variables in heterogeneous panels. Ignoring slope heterogeneity could 

result in estimates that are inconsistent and skewed, which would mislead policymakers. 

4.1.1 Descriptive Statistics 

Table 2 presents descriptive statistics for the variables utilized in this investigation, including 

a thorough synopsis of the data distribution and salient features. For the G7 countries between 

1990 and 2024, the mean, median, maximum, minimum, and standard deviation numbers show 

the data's central tendency and variability.  For instance, the Ecological Footprint (EF) average 

for the G7 countries is 1.80, with a standard deviation of 0.25, indicating a moderate 

fluctuation. With a mean of 10.597 and a smaller standard deviation, EG(EG) shows rather 

steady expansion throughout these countries. The distribution's symmetry and peakiness can 

be inferred from the skewness and kurtosis values. The majority of the variables exhibit 

skewness close to zero, which suggests a distribution that is generally symmetric. These 

descriptive statistics are essential because they provide preliminary understanding of how these 

variables behave over time and across national boundaries, laying the groundwork for 

comprehending the linkages examined in later sections (Baig et al., 2023). 

Table 2: Descriptive Statistics 
 EF EG NR REC INO GLO 

Mean 1.80 10.60 -1.62 8.22 2.22 4.37 

Median  1.71 10.60 -1.98 8.20 2.24 4.39 

Maximum 2.34 10.93 1.61 10.50 2.75 4.50 

Minimum 1.43 10.25 -4.54 5.53 1.63 4.02 

Std. Dev. 0.26 0.14 1.64 1.14 0.29 0.09 

Skewness  0.70 -0.03 0.14 0.29 -0.16 -1.30 

Kurtosis  2.18 2.46 1.84 3.32 1.91 5.06 



Jarque-Bera  22.99 2.55 12.46 3.82 11.32 96.55 

Probability 0.00 0.28 0.00 0.15 0.00 0.00 

Observation 245.00 245.00 245.00 245.00 245.00 245.00 
 

4.1.2 Correlation Matrix 

Figure 4 presents the result of correlation matric using heatmap, and reveals significant 

relationships among the variables under study. Notably, the Ecological Footprint (EF) shows a 

strong positive correlation with Natural Resources (NR) (0.7258), implying that higher 

dependence on natural resources is associated with an increased ecological footprint. 

Conversely, Renewable Energy (REC) and Environmental Technological Innovation (INO) are 

negatively correlated with EF, with coefficients of -0.4492 and -0.2048, respectively. These 

results suggest that advancements in renewable energy and environmental technologies can 

play a critical role in reducing the ecological footprint, supporting the findings of Razzaq et al. 

(2021) and Hussain et al. (2022). 

Figure 4: Heatmap of correlation matrix of underlying variables 

 

4.2 Panel Unit Root Tests 

Table 3 presents the stationarity’s result of CD, CIPS, and CADF.  The unit root tests, including 

the Pesaran CD, CIPS, and CADF tests, confirm that all variables are non-stationary at levels 

but become stationary after first differencing. This I(1) behaviour across the variables is 

consistent with the findings in similar studies by Wang et al. (2022) and Yurdakul & Kazan 



(2020), which emphasize the importance of using second-generation unit root tests to account 

for cross-sectional dependence and to avoid spurious regression results. The significance of 

these tests lies in ensuring that the variables are integrated of the same order, which is a 

prerequisite for valid cointegration analysis. 

Table 3: CD and Unit Root Test Results 
 Pe-saran CD (2015)                CIPS               CADF 

 CD First Difference First Difference 

EF 17.076*** -4.025*** -4.567*** 

EG 21.664*** -3.893*** -3.901*** 

NR 8.3838*** -5.326*** -4.689*** 

REC 10.799*** -4.930*** -5.213*** 

INO 23.080*** -4.384*** -3.675*** 

GLO 24.496*** -4.228*** -4.595*** 

Note: ***P<1%, **P< 5 % & *P< 10 %, CD: Cross-Sectional Dependence test, CIPS: Cross-

sectionally Implied IPS Panel Unit Root Test, CADF: Cross-sectionally Augmented Dickey-

Fuller 

 

4.3 Slope Heterogeneity  

Table 4: Slope Heterogeneity tests for the presence of slope heterogeneity across the G7 

countries. Slope heterogeneity is critical in panel data analysis because it recognizes that the 

relationship between the independent variables and the dependent variable (ecological 

footprint) may not be uniform across different countries. 

The results from Table 4 indicate significant slope heterogeneity, as the null hypothesis of slope 

homogeneity is rejected. This implies that the impact of factors such as economic growth, 

renewable energy, and natural resources on the ecological footprint varies significantly across 

the G7 nations. This finding supports the use of panel data techniques that account for these 

differences, such as the Mean Group (MG) or the Pooled Mean Group (PMG) estimators, 

instead of assuming a common slope for all countries. Ignoring slope heterogeneity could lead 

to biased and inconsistent estimates, misinforming policy decisions aimed at reducing 

environmental degradation. 

 

 

 

 



Table 4: Slope Heterogeneity Test Results 

∆̂ P-value ∆̂̂adjusted P-value 

14.20***           0.00 16.83***            0.00 

Note: ***P<1%, **P< 5 % & *P< 10 %, 

 

4.4 Cointegration Results 

The Westerlund and Pedroni cointegration estimation are shown in table 5 & 6, reveals long-

term equilibrium relationship between ecological footprint, green energy, and environmental 

technological innovation along with other controlled variables. The presence of cointegration 

indicates that, despite short-term variations, these variables tend to move together over time in 

the long-run, and maintaining a stable long-term relationship. This estimation validates 

previous research, such as studies by Miao et al. (2022) and Akadiri et al. (2022), which also 

found evidence of cointegration between environmental degradation and economic variables 

in panel data analyses. 

Table 5: Westerlund Cointegration 

Statistics Value Z-value P-value 

Gt -3.82*** -4.71 0.00 

Ga -15.02 -0.95 0.16 

Pt -11.72*** -5.28 0.00 

Pa -16.17*** -2.52 0.00 

Note: ***P<1%, **P< 5 % & *P< 10 %, 

 

 

Table 6: Pedroni Cointegration Test Outcomes 

Within Dimension Statistic Prob. Weighted Statistic Prob. 

Panel v-Statistic 0.584 0.279 0.294 0.384 

Panel rho-Statistic 0.715 0.762 0.850 0.802 

Panel PP-Statistic -3.176*** 0.000 -2.616*** 0.004 

Panel ADF-Statistic -1.922** 0.027 -1.548* 0.060 

Between-dimension Statistic Prob.   

Group rho-Statistic 1.843 0.967   

Group PP-Statistic -3.538*** 0.000   



Group ADF-Statistic -1.602* 0.054   

Note: ***P<1%, **P< 5 % & *P< 10 %, 

 

4.5 Result of Panel Quantile Regression 

Estimation of panel quantile regression are shown in Table 7, and explain the impact of 

independent variables on ecological footprint across different quantiles. As per estimation 

output, the result infers that economic growth (EG) demonstrates a consistently positive and 

significant effect on EF across all quantiles, implying that as economics growth increases, the 

environmental burden increases. This result consistent with the findings of previous study of 

Dingru et al. (2021) and Fareed et al. (2022), who argued that expansion of economic 

performance exacerbates environmental degradation in the nations. However, this finding 

contradicts with the conclusions of Usman et al. (2020b), who reported that in certain contexts, 

EG can lead to more sustainable environmental practices through increased investment in 

cleaner technologies. In contrast, renewable energy (REC) exhibits a negative and significant 

relationship with EF, particularly in the higher quantiles. This finding suggests that the adoption 

of renewable energy sources is more effective in reducing the ecological footprint in countries 

with higher initial environmental burdens. These results are consistent with the studies by 

Chien et al. (2022) and Alola et al. (2022), which highlight the significant role of renewable 

energy in mitigating environmental problems. However, this finding is not universally 

supported; for instance, the work of Miao et al. (2022) suggests that the transition to renewable 

energy may not always lead to immediate reductions in environmental degradation, especially 

in economies heavily reliant on fossil fuels. 

Furthermore, technological innovation (INO) has negatively associated with ecological 

footprint, indicating that advance technology plays significant role in reducing the ecological 

footprint. We can infer from results technological innovation are crucial to achieving 

environmental sustainability. This finding supports the conclusions of Hussain et al. (2022) and 

Razzaq et al. (2021), who found that technological innovations in environment are crucial for 

achieving sustainability goals. On the other hand, some studies, like Adebayo & Kirikkaleli 

(2021), argued that the benefits of technological innovation may be offset by the increased 

production and consumption it enables, leading to mixed effects on the environment. 

Globalization presents a more complex relationship with EF. While it can contribute to 

environmental sustainability by facilitating the spread of green technologies and practices, its 

positive coefficient in lower quantiles suggests that it may also increase environmental 



degradation through the expansion of industrial activities and resource exploitation. This dual 

role of globalization is discussed in studies by Shao et al. (2021) and Copeland (2008), who 

highlight both its positive and negative environmental impacts. 

Furthermore, there is a positive significant correlation between natural resources and ecological 

footprint, especially in higher quantiles, suggesting that a larger reliance on natural resources 

exacerbates environmental degradation in G-7 Nations. This result is in line with studies by 

Awosusi et al. (2022) and Usman et al. (2020a), which found comparable patterns in different 

settings. It is in contrast to the findings of Xu et al. (2022), who discovered that under some 

conditions, the use of natural resources can be controlled sustainably, minimizing its 

detrimental effects on the environment. These results highlight the significance of context-

specific policies that take into account the many impacts on environmental sustainability of 

economic growth, renewable energy, technological innovation, globalization, and natural 

resource use. Policymakers and environmentalist can be directed toward more successful 

environmental initiatives by using the panel quantile regression analysis, which offers 

insightful information about these intricate relationships. 

Table 7: Quantile Regression Results  
0.25 0.5 0.75 0.95 

EG 0.688 0.672 0.682 0.650 

T-stat 7.050*** 7.340*** 6.240*** 6.540*** 

NR 0.100 0.108 0.114 0.123 

T-stat 12.210 14.050 14.670*** 14.770*** 

REC 0.050 0.031 -0.025 -0.016 

T-stat 4.140*** 2.710*** -1.840* -1.980** 

INO -0.319 -0.269 -0.284 -0.281 

T-stat -5.940 -5.340 -4.720*** -5.140*** 

GLO 0.714 0.641 -0.639 -0.854 

T-stat -4.880 -4.670 -3.900*** -5.720*** 

C -1.990 -2.002 -1.487 -0.230 

T-stat -1.680 -1.81* -1.120 -0.190 

Note: ***P<1%, **P< 5 % & *P< 10 % 

 

Robustness Analysis 

Table 8 presents the result of FMOLS and DOLS estimations. These methods are employed as 

robustness checks to validate the findings of the main regression analyses, particularly to 

ensure that the relationships between the renewable energy, environmental technological 



innovation and the ecological footprint (EF) are consistent and reliable. Economic growth (EG) 

demonstrates a consistently positive and significant effect on EF across all quantiles, implying 

that as economics growth, the environmental burden increases. This result aligns with the 

findings of Dingru et al. (2021) and Fareed et al. (2022), who also observed that economic 

expansion exacerbates environmental degradation. However, this finding contrasts with the 

conclusions of Usman et al. (2020b), who reported that in certain contexts, EG can lead to more 

sustainable environmental outcomes.  

Table 8: Robustness Check (FMOLS and DOLS) 

 Panel-DOLS Panel- FMOLS 

 Coefficient T-statistics Coefficient T-statistics 

EG 0.342 3.54*** 0.32 3.99*** 

NR 0.046 2.87*** 0.07 6.02*** 

REC -0.085 -5.10*** -0.07 -5.76*** 

INNO -0.271 -6.10*** -0.16 -5.40*** 

GLO -0.140 -1.97* -0.55 -3.50*** 

R2 0.991 0.963 

Adj R2 0.981 0.952 

Note: ***P<1%, **P< 5 % & *P< 10 % 

Conversely, Renewable Energy (REC) exhibits a negative relationship with EF. This finding is 

validating with panel quantile regression estimation, and suggests that the adoption of 

renewable energy sources is more effective in reducing the ecological footprint in countries 

with higher initial environmental burdens. These results are consistent with the studies by 

Chien et al. (2022) and Alola et al. (2022), which highlight the significant role of renewable 

energy in mitigating environmental impacts. However, this finding is not universally agreed 

upon, with some studies indicating that renewable energy's impact can vary depending on other 

factors. Environmental Technological Innovation (INO) also shows a negative impact on EF, 

indicating that advancements in environmental technologies contribute to reducing the 

ecological footprint. Result of FMOLS and DOLS support findings of panel quantile regression 

for G-7 nation’s context.  As per outcome of FMOLS and DOLS, globalisation (GLO) has 

negatively associated with ecological footprints which is validating the findings of panel 

quantile estimation. Globalisation play a crucial role to enhance environmental quality by 

facilitating the spread of green technologies and practices.  Finally, natural resources are 

positively associated with EF, particularly in higher quantiles, implying that greater reliance on 

natural resources exacerbates environmental degradation. These finding are consistent and 

reliable with the result of panel quantile regression techniques. The findings of the study are 

shown in figure 5.  



Figure 5: Summary of Findings 

4.6 Result of panel causality test  

Table 9 indicates result of Dumitrescu Hurlin Panel Causality test provides insights into the 

causal relationships between the dependent variable i.e., ecological footprints and independent 

variables (Economic Growth, Natural Resources, Renewable Energy, Environmental 

Technological Innovation, Globalization) within the G7 nations. The Dumitrescu Hurlin (DH) 

test is specifically designed to identify Granger causality in heterogeneous panel data, making 

it suitable for this analysis. 

Table 9: Dumitrescu Hurlin Panel Causality Test 

Null Hypothesis W-Stat. Zbar-Stat. Prob. 

EG ≠EF 5.831*** 7.692 0.000 

EF ≠EG 1.243 0.258 0.795 

NR ≠EF 5.642*** 7.386 0.000 

EF ≠NR 3.616*** 4.104 0.000 

REC ≠EF 2.999*** 3.103 0.001 

EF ≠REC 2.680*** 2.587 0.009 

INO ≠EF 6.273*** 8.407 0.000 



EF ≠INO 1.600 0.837 0.402 

GLO ≠EF 3.121*** 3.301 0.001 

EF ≠GLO 0.132 -1.540 0.123 

Note: ***P<1%, **P< 5 % & *P< 10 %, 

The test results indicate a unidirectional causality is running from EG to Ecological Footprint 

(EF). This suggests that changes in EG can predict changes in the ecological footprint. 

However, the reverse—where the ecological footprint would predict economic growth is not 

supported by the data.  Whereas, natural resources (NR) and ecological footprint (EF), the 

results show bidirectional causality. This indicates that not only does increased exploitation of 

natural resources lead to a higher ecological footprint, but a higher ecological footprint can also 

influence how natural resources are managed or exploited.  One way causality running from 

renewable energy (REC) to ecological footprint (EF), suggesting that the adoption of renewable 

energy sources can predict reductions in the ecological footprint. For environmental 

technological innovation (INO) and ecological footprint (EF), the test results indicate 

unidirectional causality from INO to EF. This suggests that advancements in environmental 

technologies lead to reductions in the ecological footprint, supporting the role of innovation in 

achieving sustainability goals. However, the lack of reverse causality implies that while 

innovation reduces environmental impact, the extent of the current ecological footprint does 

not directly drive further innovation.  

The results show unidirectional causality from globalization (GLO) to ecological footprint 

(EF). This suggests that increased globalization—through trade, technology transfer, and 

economic integration—can lead to changes in the ecological footprint, either positively or 

negatively depending on the nature of globalization. Graphical presentation of causality result 

is shown in figure 6.  

 



Figure 6; Graphical presentation of causality result 

5. Conclusion and Policy Implication 

5.1.Conclusion 

By this study we highlight the environmental concern, and investigates significant dynamic 

relationship amongst ecological footprints, green energy and environmental technological 

innovation using panel data from 1990 to 2024 in G-7 Nations. For examining, we also 

incorporate other controlled variables such as economic growth, natural resource, and 

globalization in this study.  This study has provided a investigation of the factors influencing 

the ecological footprint in G7 nations, with a particular focus on green energy, environmental 

technological innovation, economic growth, natural resource, and globalization. To examine 

the dynamic association among the fundamental variables, we used panel cointegration and 

quantile regression models over the time period from 1990-2024 for G-7 Nations. The results 

reveal long term association among ecological footprint and independent variables including 

technological innovation, natural resource (NR), globalisation (GO), consumption of 

renewable energy, and economic growth.  The results show that these linkages are complex and 

context-dependent, and that globalization and technological innovation play a dual role in both 

reducing and enhancing environmental consequences. Renewable energy clearly has a 

favourable effect on lessening the ecological footprint, especially in higher quantiles when the 

countries have substantial environmental responsibilities. Natural resources also have a big 

impact on economic productivity and energy consumption patterns, which helps to improve 

environmental quality and achieve environmental sustainability. For a more thorough 

knowledge of these components' effects, the panel quantile regression offers subtle insights 

into how they affect the ecological footprint across several quantiles. Regardless of the benefits 



of environmental innovation and renewable energy, there are still sizable ecological footprints 

in the G7 nations.  

5.2 Policy Implications 

On the basis of result, some policy implication should be emerged, Policymakers and 

environmentalists should support technology innovation that not only increases environmental 

sustainability but also takes into account potential rebound effects. It is possible to achieve by 

providing financial assistance for green technology, offering tax breaks, and putting in place 

strong legal protections against the overuse and exploitation of natural resources. There is a 

need for more green investment in renewable energy infrastructure and technologies because 

of the energy's shown ability to reduce environmental impact. Government should also offer 

distinct financial support to accelerate the implementation of renewable energy solutions.  

We need a comprehensive and customized strategy and planning is required because of the 

mixed effects of globalization on the environment. In order to prevent the exploitation of 

natural resources and environmental problems, policymakers should ensure that trade 

agreements contain strong environmental protections and stimulate the spread of 

environmentally friendly technology and practices. Policies that cater to the unique energy and 

financial requirements of senior citizens are necessary due to the aging population in the G7 

countries. This entails pushing for healthcare and housing systems that use less energy and 

motivating senior citizens to adopt sustainable lifestyles. 

The study's findings highlight the importance of integrated environmental policies that account 

for the varying impacts of economic growth, renewable energy, technological innovation, and 

globalization on sustainability. Policymakers should consider these factors in the design and 

implementation of policies to ensure a balanced approach to achieving environmental 

sustainability. Additionally, the challenges highlighted in this study are not confined to the G7 

countries alone. There is a need for greater international collaboration, particularly in sharing 

best practices, technologies, and strategies for reducing ecological footprints. G7 countries 

should take the lead in promoting global environmental governance that aligns with the 

Sustainable Development Goals (SDGs). By addressing these policy implications, G7 nations 

can make significant strides toward reducing their ecological footprints and achieving long-

term environmental sustainability, setting a precedent for other developed countries to follow. 
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