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PREFACE 

In recent decades, China’s unprecedented economic growth has been powered 

overwhelmingly by fossil fuels, leaving it with the world’s largest ecological 

footprint and mounting pressure to reconcile prosperity with planetary limits. At the 

same time, the country has injected record sums into green finance—through green 

bonds, credit programs and pollution-treatment investments—in an effort to 

accelerate its transition toward cleaner energy. Yet questions remain about how, and 

to what extent, this influx of green capital actually changes the environmental 

impact of both renewable and non-renewable energy production. 

This study explores whether green investment acts as a true “game-changer” in 

China’s energy mix—magnifying the benefits of renewable sources and softening 

the costs of fossil fuels—to bring the nation closer to a sustainable development 

path. Drawing on time-series data from 1990 to 2022, we first test the 

Environmental Kuznets Curve hypothesis for China’s ecological footprint and then 

introduce interaction terms between green investment and energy outputs to capture 

any moderating effects. 

By shedding light on the real-world interplay between policy-driven green finance 

and energy-sector emissions, our findings aim to inform policymakers and investors 

alike: pinpointing which forms of green investment deliver the greatest 

environmental dividends and guiding more effective strategies for curbing China’s 

ecological footprint as its economy continues to expand. 
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ABSTRACT 

 

This study investigates how green investment (GI) moderates the relationship 

between China’s energy production—both renewable (RE) and non-renewable 

(NRE)—and its ecological footprint (EFP) over the period 1990–2022. Drawing on 

annual data from the Global Footprint Network, International Energy Agency, and 

CEIC, we employ an autoregressive distributed lag (ARDL) bounds-testing 

framework to test for cointegration and estimate both long- and short-run dynamics. 

Our findings confirm a stable long-run relationship among EFP, energy production, 

GI, GDP, GDP2, and population density. While GI and RE individually exhibit 

paradoxical positive effects on EFP—reflecting implementation costs and land-use 

impacts—the interaction term (REGI) significantly reduces EFP, supporting GI’s 

role as a moderator in expediting ecological benefits from renewable energy 

deployment. These results underscore the importance of policy measures that 

simultaneously scale green finance and renewable capacity, such as targeted 

subsidies, carbon pricing, and technology incentives, to maximize ecological gains 

and guide China’s transition toward sustainable energy production.  
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Chapter 1: Introduction 

 

 

1.1 Research Background 

 

Amid the growing environmental concern, the pressure of human activity 

such as development, deforestation, consumption and so on and the growing 

demand for natural resources has crossed the limit of the Earth’s capacity to 

sustainably meet these ongoing needs to maintain their living. The concept of 

ecological footprint has arisen as a crucial indicator for understanding and 

measuring human activity’s impact on the environment (Raihan et al., 2022a; Jie et 

al.,2023). It measures the availability of the Earth’s productive land and water areas 

used to support the human lifestyle by taking into account cropland, grazing land, 

fishing ground, built-up land forest area, and carbon demand on land (Global 

Footprint Network, 2024).  Wackernagel and Rees (1996) have taken into account 

water and soil pollution in addition to air pollution to develop a more 

comprehensive environmental pollution indicator, hence, the ecological footprint 

indicator has emerged. For instance, water is one of the major resources that are 

declining significantly. Even though 70% of the Earth's planet is water, only a mere 

2.5% of the 70% is fresh water and can be used (The World Counts, 2024a). Food 

and Agriculture Organization of the United Nations (2013) also predicted that by 

2025, it is expected that 1.8billion people will be living in countries or regions with 

“absolute” water scarcity, and about two-thirds of the global population could live 

under the “stress” condition of water scarcity.  

 Additionally, natural resources such as fossil fuels are being exhausted at a 

concerning pace. The worldwide proven oil reserves amounted to 1723 billion 

barrels by the end of the year 2021, showing a decrease of 2 billion barrels 

compared to 2019 (The British Petroleum Statistical Review of World Energy, 

2021). The worldwide resources-to-production ratio indicates that oil reserves were 

only sufficient to sustain an average of 51 years of current production. Ecological 

footprint is a comprehensive indicator of human activities' impact on ecosystems 

that is gaining traction in sustainable development globally (Ji et al., 2020; Yilanci 
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& Pata, 2020). Thus, when the ecological footprint index is relatively high, it 

indicates that the supply of natural resources is having bigger difficulty in meeting 

the demand for natural resources. Also, the ecological footprint also measures the 

extent to which human resource consumption exceeds environmental boundaries 

(Yilanci & Pata, 2020).   

 Since 1971, the global ecological footprint has been growing at a rapid pace, 

reaching a staggering 1.71 Earths by 2022 and it is expected to grow continuosly 

(Global Footprint Network, 2024). This trend indicated that the global demand for 

resources and waste absorption now exceeds the Earth's capacity by 1.71 times, 

highlighting that people live beyond the Earth’s capacity. The global trend of 

ecological footprint varies significantly across countries and areas. High-income 

countries tend to exhibit a relatively high ecological footprint in comparison to low-

and-medium-income countries (Moinuddin & Olsen, 2024). For example, high and 

upper-middle-income countries like China, the US, Russia, Brazil, and Japan often 

constitute the largest ecological footprints in the world. For instance, the latest data 

of ecological footprint of China is 2.4 of Earth. China leads with a staggering 5.1 

billion global hectares, followed by the US with 2.6 billion, Russia with 848 million, 

Brazil with 551 million, and Japan with 553 million global hectares (Global 

Footprint Network, 2024).  

 Economic development which is significant throughout human 

development history has contributed to the global ecological footprint (Castro, 

2005; Bertoletti et al., 2022). The carbon footprint is the main component of the 

global ecological footprint with the constitution of 60% of humanity’s overall 

Ecological Footprint and is the most rapidly growing component. (Global Footprint 

Network, 2024). During the industrial development process, intensive exploitation 

and utilization of natural resources have led to widespread environmental pollution 

and ecological degradation on a global scale. For example, China, the United States, 

and India are leading contributors to global carbon dioxide (CO2) emissions from 

fossil fuel combustion with 10, 648.54Mt, 4 549.259Mt, and 279.007 Mt 

respectively (International Energy Agency, 2024).   

 Energy combustion is one of the necessary cornerstones of economics and 

industrial development which leads to emerging CO2 emissions (U.S. Department 

of Energy, 1999).  Besides, the International Energy Agency (2023) also emphasizes 

that global CO2 emissions as a result of energy combustion and industrial activities 

https://www.sciencedirect.com/science/article/pii/S0301420723008371#bib5
https://www.sciencedirect.com/science/article/pii/S0301420723008371#bib5
https://www.sciencedirect.com/science/article/pii/S0301420723008371#bib2
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increased by 0.9%, equivalent to 321 million metric tons, reaching a record high of 

36.8 gigatons. In 2023, the CO2 emissions grew again by another 1.1%, mainly due 

to the economic recovery and rise in fossil fuel consumption and production from 

the COVID-19 pandemic. Consequently, because of these increased emissions, the 

world has experienced a significant global climate change. McKinesy and 

Company’s report by Nivard et al. (2023), highlighted that over more than half a 

year, from July 1 to January 1, the global average temperature exceeds the 1.5 °C 

threshold on 182 out of 184 days. This increase in the temperature is mostly caused 

by a short-term El Niño effect, which has pushed 2023’s global warming to a critical 

1.48°C above the pre-industrial levels  

 Not only that, urbanization process also contributes a significant portion of 

the total global ecological footprint as this process requires a large area of 

productive land or built-in land to convert into a built environment. On a national 

scale, urbanization has a limited impact on land cover, but it still leaves a substantial 

ecological footprint. Even a small-scale urban development can significantly impact 

the stream ecosystem (US Environmental Protection Agency, 2024). The world 

loses nearly 6 million hectares of forest land on average due to deforestation. In 

light of this, it can be described as losing a piece of land size equivalent to Portugal 

in every two years and alarmingly, a staggering 95% of this destruction happens in 

tropical regions (Ritchie, 2021). Besides, the global forest area in million hectares 

has been steadily decreasing, reaching an emerging low from the original 4.24 

billion hectares in 1990 to of 4.05 billion hectares in 2021 (Salas, 2024).  that urban 

land usage is expected to expand with approximately 1.2 million square kilometres 

of underdeveloped land to be added to the global by 2030 (World Bank Group, 

2023).   

 This urbanization causes permanent destruction and fragmentation of 

habitats. For example, deforestation and fragmentation of forest lands lead to the 

deterioration and damage of forest interior habitat. The International Union for 

Conservation of Nature’s Red List report (2021) remarked that 28% of the global 

species are classified as being at risk of extinction. Certain social animals namely, 

amphibians (41%), sharks (31%), and corals (33%) have been recognized as being 

significantly exposed to extinction risks observed since 1990 due to excessive 

development.  
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Thus, this heightened alert on environmental damages elevates the 

importance of renewable energy production. Green energy aims to reduce the 

ecological footprint by lowering carbon emissions and minimising air and water 

pollution. According to the International Renewable Energy Agency (2024), 

renewable energy provides over 90% of necessary reductions in energy-related 

carbon emissions. The share of renewable energy in global electricity production 

has been showing an escalating trend over the last 10 decades. In 2020, the 

proportion of renewable energy in electricity production plunged to approximately 

29%, reflecting an increment from 27% in 2019. The shares of renewable energy in 

electricity production globally have further expanded by 10% in 2021, the fastest 

year-on-year growth since the 1970s (International Energy Agency, 2021). 

Moreover, renewable energy capacity has also noticed growth further propelled by 

supportive policies and growing public awareness.  For example, in 2022, several 

key policies have been announced concerning clean energy, particularly 

REPowerEU in the European Union, the Inflation Reduction Act (IRA), in the 

United States, and China’s 14th Five-Year Plan for renewable energy has promoted 

the acceleration in renewable energy adoptions (International Energy Agency, 

2024). However, it is still a global challenge to balance rapid economic 

development with environmental stability, as most countries depend on fossil fuels 

as a major element to meet growing energy demands. According to Ritchie and 

Rosado (2024), over 70% of the global energy demand is sufficed by non-renewable 

primary energy sources such as oil, coal, natural gas, and nuclear, which constitute 

29.78%, 24.87%, 21.89%, and 3.72%, respectively. 
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1.2 Problem Statement 

China’s rapid industrialization is coupled with a high environmental cost 

particularly affecting its land and water resources. To elaborate, ever since China 

has opened its economy in 1978 and does international trading, its economy has 

been growing at an average of gha every year (World Bank, 2024).  Consequently, 

China has the greatest ecological footprint among all countries in the world which 

amounts to 5.3 billion gha. It has a biocapacity of 1.3 billion hectares, making it the 

second-largest in the world after Brazil (World Population Review, 2024). However, 

because of its high population, China has a total ecological deficit of 4 billion gha 

and a per-capita biocapacity reserve of -2.79 in 2017. In 2013, China’s per capita 

ecological footprint peaked at 3.43gha per person, dropping to 3.26gha per person 

by 2016. Hence, it is crucial to examine the factors that impact ecological 

sustainability in China. 

Besides, China has an ambitious commitment to global climate goals to 

balance its energy production with sustainable development. For instance, China is 

one of the first few that ratify the Paris Agreement and its president, Xi Jinping had 

pledged to peak carbon emissions in 2030 and has an ambitious target to reach 

carbon neutrality by 2060 (Liu et al., 2023). However, China is still the world's 

largest energy production country with 3,190 Mtoe of energy production (Enerdata, 

2024). As a result, China’s substantial energy production made it the world’s top 

emitter of greenhouse gases, generating over a quarter of the world's annual 

greenhouse gas emissions, significantly contributing to climate change which could 

subsequently lead to ecology degradation and ultimately worsen the ecological 

footprint across the country over time (Andrew et al.,2021). 

China’s energy landscape is critical in its environmental challenges. A report 

stated that China was the top energy producer and consumer in the world. In 2022, 

China’s energy production experienced a notable increase of over 6%, with growth 

observed across various energy sources, including renewable energy. Despite the 

increasing emphasis on renewable energy, it still constitutes a minor component of 

China’s energy mix (U.S Energy Information Administration, 2023). Moreover, the 

total CO2 emissions from electricity generation in China had increased from 2,439.9 

million tons of CO2 in 1991 to 9,974.3 million tons in 2020, and this trend is 

expected to upward growth (Li et al., 2024). Looking ahead, another report on 
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China’s carbon emission showed that the situation appears even more concerning 

as China likewise holds the record for the highest cumulative carbon emissions 

globally, contributing 22% of the world's total emissions between 1990 and 2020 

(China Power Team, 2023).  

The validity of the Environmental Kuznets Curve (EKC) is particularly 

crucial for understanding the trajectory of environmental degradation in rapidly 

developing countries like China. Consecutively, a study conducted on China using 

data between 1960 and 2020, showed that energy diversification stands valid in the 

EKC hypothesis in reducing carbon emissions (Zahra & Fatima, 2024). If the EKC 

hypothesis stands valid for China, this would prove the country has yet to reach its 

critical point, or rather, green investment is not valid in the EKC hypothesis for the 

country. As a result, fossil fuel production (and consumption) has increased the 

death toll and social costs of the country. As a result, annual fatality in China reaches 

around 2 million people who have died from air pollution (World Health 

Organisation, 2024); another study showed that that around 100,000 people have 

died from water pollution each year in China (Buntaine et al., 2021). 

In contrast to China, several major economies have already made notable 

strides in reducing their carbon emissions. For example, the United States, which 

stands as another trade giant on the global stage next to China, is already witnessing 

decreasing carbon emissions, coming to a total of less than half of China’s emissions 

at less than 5 million kilotons in 2020. The third biggest carbon emitter in the world, 

India, had also witnessed a decreasing carbon emissions trend, reaching less than a 

quarter of China’s carbon emission, at 2.2 million kilotons in the same year. Amidst 

this urgent situation, one of the surfacing solutions is through the effective 

application of green investment and employing higher levels of renewable energy 

production (World Bank, 2023). 

Despite the many benefits of utilizing renewable energy production to 

promote environmental conservation, there are challenges to resisting its adoption 

in China. According to Chen et al. (2023), China's economy remains heavily 

dependent on traditional energy sources. For example, the country’s coal industry 

remains deeply entrenched in its economic growth. In 2022, 61% of China’s total 

energy supply still came from coal, next to it are oil at 17.9% and natural gas at 7.8% 

(International Energy Agency, 2024). In response to mounting climate challenges 
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and difficulties in adopting renewable energy production, China has launched the 

green financial policy under the '1+N' framework, a strategic approach aimed at 

enhancing its green financial sector and accelerating its efforts to peak carbon 

emissions by 2030. The emergence of the green investment market provides some 

excellent options that are growing rapidly in China such as green bonds, recorded 

at 440.1 billion yuan in 2021 (Climate Bonds Initiative, 2022); green credit, 

recorded at 15.9 trillion yuan in 2021 (Statista, 2024). However, despite numerous 

green incentives, the country has struggled to curb its growing energy demand and 

consequent emissions. In China, the green bond market is still in the early stage, 

indicating that the green bond market is not mature enough to ensure comprehensive 

and full reporting on the allocation of the proceeds (Escalanate et al., 2020). 

 

1.3 Research Questions 

1. Is the EKC still valid for China after considering the role of green 

investment in renewable energy production? 

2. Is the EKC still valid for China after considering the role of green 

investment in non-renewable energy production? 

3. Does green investment play a moderator role in influencing the impact of 

renewable energy production on the ecological footprint in China? 

4. Does green investment play a moderator role in influencing the impact of 

non-renewable energy production on the ecological footprint in China? 

 

 

1.4 Research Objectives 

1. To examine the validity of the EKC hypothesis for China, after considering 

the role of green investment in renewable energy production. 

2. To examine the validity of the EKC hypothesis for China, after considering 

the role of green investment in non-renewable energy production. 

3. To examine whether green investment acts as a moderator in influencing the 

impact of renewable energy production on the ecological footprint in China. 
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4. To examine whether green investment acts as a moderator in influencing the 

impact of non-renewable energy production on the ecological footprint in 

China. 

 

1.5 Significance of Study 

If the study confirms the validity of the EKC hypothesis after considering 

the role of green investment in renewable and non-renewable energy production, 

the government will stand to benefit. This insight would empower the government 

to craft targeted policies that leverage economic growth to drive environmental 

improvements. For example, if green investment magnifies the positive impact of 

renewable energy production, the government could introduce and scale up green 

investments in key sectors, such as green energy and manufacturing, to accelerate 

the green energy transition to a lower ecological footprint as China’s economy 

grows. Such policies might include tax incentives for renewable energy projects, 

subsidies for green technology adoption, and stricter environmental regulations 

encouraging industries to innovate and reduce their emissions. Conversely, if the 

green investment minimizes the negative consequences of non-renewable energy 

production, the government could reinforce the environmental restriction on the 

non-renewable energy production by the industries. The Chinese government could 

also restructure their carbon pricing mechanism, such as introducing a more 

comprehensive carbon tax. 

 

If the expected finding shows that renewable energy production impacts 

ecological footprint and green investment plays a moderating role, it would be 

useful for government agencies to know how green investments may enforce the 

positive effects of renewable energy production. For example, the government can 

design concrete actions, which may include offering incentives to producers of 

renewable energy or allocating money to encourage private capital investment in 

green technologies that minimize the human impact on the environment. When the 

government provides incentives to invest in renewable energy sources such as solar, 

wind and hydropower, it becomes financially possible for energy producers to 

transition from non-renewable energy sources to renewable types. This flow of 
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funds into cleaner energy projects means that the carbon intensity of energy 

produced in the country reduces, thus reducing the ecological footprint.  

 

On the other hand, if the finding indicates that non-renewable energy 

production affects the ecological footprint and green investment plays a moderating 

role, there would be a different implication. For example, if green investment 

mitigates the negative impact of non-renewable energy production on ecological 

footprint, the government may enhance the efficiency of non-renewable production 

and slow down the investment in energy transition. This makes logical sense in the 

short run too because China is still mainly dependent on non-renewable energy 

sources to produce power. Such initiative may direct movement to R&D efforts to 

increase the efficiency of non-renewable energy production and installations of 

activated carbon filters in energy stations such as coal plants to reduce carbon 

footprint.  
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Chapter 2: Literature Review 

 

2.1 Green Investment and Ecological Footprint  

As the world takes an urgent stance to transition towards sustainable 

development, environmental regulations have become a vital tool to encourage 

industries to adopt greener practices and technologies. Porter's hypothesis states that 

strict environmental regulations stimulate the demand for more green investment 

toward efficient production and using greener technologies (Porter & Linde, 1995). 

Testa et al. (2011) conducted a study in the building and construction sector in the 

EU region and they concluded that a stringent environmental policy has pushed 

more investments toward innovative products and improved business performance.  

 

China’s proactive environmental policies have shown promising results, 

especially in the reduction of air pollutants. Placing this in mind for China which 

launched its “war on pollution” in January 2014, the country was able to minimize 

its particulate pollution by almost 30 percent. Additionally, more than half of the 

world’s reduction of particulate pollution in five years between 2013-2018 came 

from China (Greenstone & Fan, 2020). Following the Paris Agreement, China has 

pumped abundant resources and supportive policies that have grown its prime 

example in green energy production, which is solar. According to Li and Huang 

(2020), China has decreased its solar installation cost by 80% since 2014 and is 

accounting for one-third of the world’s global solar power in 2017. This has majorly 

contributed to China’s ability to decarbonize its energy system, which in turn reduce 

the global ecological footprint (Lu et al., 2021).  

 

Alternatively, ecological can also be reduced when green investment has 

been directed to promote circular economy practices. For instance, Mazzucchelli et 

al. (2022) who conducted a study on 404 large-sized Italian manufacturing firms, 

found that firms that adopted circular practices by following the 3R concept have 

effectively reduced their environmental impact. Moreover, green investment could 

also be injected into producing recycling technologies that could reduce resource 
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extraction. Take phosphorous for example, which is a limited yet essential resource, 

Seyhan et al. (2012) proved that recycling can postpone its depletion cost and 

maintain a low consumption forever. Huangfu et al. (2024) pointed out that this 

could be advantageous for China, knowing it is the biggest white phosphorous 

producer in the world and is urgently seeking green transformation for this 

substance. 

 

China’s transition toward a circular economy has been demonstrated by its 

efforts to integrate sustainability into its industrial field. For example, Guiyang, one 

of the most resource-dependent cities that heavily relies on resource mining and 

processing, has majorly depleted its natural resources causing huge environmental 

degradation. Nevertheless, in a study where the city has taken the sustainable 

approach of using an industrial symbiosis strategy (waste of one company becomes 

raw materials for another company) has shown successful resource saving and, 

decrease in waste and CO2 emission (Li et al., 2015). Aside from that, China had 

also approved the National Demonstration Eco-Industrial Parks and has since 

involved around 90 industrial parks in the change to play a crucial role in circular 

cities to spur industrial innovation and achieve ecological advancement 

(Bleischwitz et al., 2022).  

 

Despite the advantages of green investment, several studies pointed out the 

potential drawbacks, such as the unintended consequences of increased green 

investment. This can be illustrated as the rebound effect. Berkhout et al. (2000) 

concluded that when the energy efficiency gains from technological innovation 

drive the price lower, it would inflict a higher level of consumption; A. Greening et 

al. (2000) conducted on residential data from the United States also reviewed the 

rebound effect and saw an offset in environmental benefits when energy becomes 

more efficient; Lin and Liu (2015) conducted research on both China’s rural and 

urban residential buildings concluded that urban areas consume more energy and, 

thus, greater rebound effect. China could have conserved 20% of electricity 

consumption in residential buildings had they had the appropriate energy and 

pricing policies.  
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 The nature of human behavior can be another caveat that leads to an 

unsuccessful implementation of green investment. While the rebound effect is one 

unintended consequence that arises from green investment, there are also grounds 

to discuss the potential green paradox effect. Sinn (2012) argued that green 

investment may indirectly increase in fossil fuel consumption temporarily from 

future anticipation of a potential restriction or taxes on carbon emissions and it must 

be accompanied by simultaneous policies on carbon pricing to offset this 

paradoxical effect. He called this the Green Paradox effect. Ecological footprint 

could increase globally; Jensen et al. (2015) observed that a failure in the U.S. 

carbon cap could have a spillover effect and leak to world markets, making changes 

to carbon emissions outside of the country. Wei et al. (2022) mentioned that China 

does not have a carbon tax at the moment although many have advocated this idea, 

because it would place a heavy burden on companies, consecutively the economy, 

and its people’s income. However, the anticipation of lower demand in the future 

could cause an increase in energy supply and consumption (Lai et al., 2022).  

 

Conversely, effective planning is key to maximizing the benefit of green 

investments, ensuring are directed towards relevant projects that contribute 

positively to environmental sustainability. To illustrate the opposite, Zhang et al. 

(2021) have pointed out that inappropriately managed green investment causes a 

positively correlated relationship between green investment and ecological 

footprint. To elaborate, China has taken steps to promote its energy security by 

employing bioenergy. However, growing these energy crops would deepen the 

problem of deforestation and displace the high-quality land available for food crops. 

Nevertheless, biofuel crops have great cultivation in non-grain-producing areas, but 

they require careful strategies and utilization for these crops (Cao et al., 2022).   



 
Exploring The Moderating Role of Green Investment in China’s Energy Production 
for Ecological Footprint Reduction 

13 
 

2.2  Renewable Energy Production on Ecological Footprint 

In response to increasing environmental degradation and the urgent need to 

shift from carbon-intensive practices, renewable energy has emerged as a critical 

instrument for reducing the ecological footprint and fostering sustainable 

development. Scholars have broadly examined the relationship between renewable 

energy and ecological footprint, with consistent findings that the adoption of 

renewable energy can significantly reduce environmental pressures. Pata (2021), 

employed the Fourier cointegration ARDL test on data from BRICS countries 

spanning 1971 to 2016, the study found that renewable energy consumption plays 

a key role in minimizing environmental pressure. Li et al. (2023), who employed 

quantile regressions and pairwise causality analysis using an updated and extensive 

dataset from 1988 to 2021 in China, they found that enhancing and investing in 

renewable energy usage effectively reduces ecological footprint across different 

quantiles.  

 

  In China, which is the largest emitter of CO₂ globally, the government has 

made vast investments in renewable energy technologies to mitigate the nation’s 

ecological impact. The aggressive expansion of solar and wind capacity has helped 

China reduce the carbon intensity of its energy system. China contributed to nearly 

half of global renewable energy capacity additions in 2022, with solar photovoltaics 

and wind power being the leading sectors. This transition has played a vital role in 

improving air quality, reducing land degradation caused by coal mining, and 

lessening dependency on polluting fossil fuels. For instance, Gao et al. (2021) used 

the life cycle assessment and found that while wind power is the most effective in 

reducing ecological footprint. They also found that solar photovoltaic power 

reduces emissions and increases biomass power to contribute to lowering CO₂ 

emissions. Sharif et al. (2021) also found that solar energy significantly contributes 

to reducing ecological footprint scores in China, with the strongest impact observed 

at higher levels of solar energy use and lower levels of ecological footprint using 

quantile-on-quantile (QQ) regression. Besides, Nan et al. (2022) employed a vector 

autoregressive model from 2000 to 2019, and the findings reveal that renewable 
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energy such as photovoltaic, wind energy, and biomass energy exerts a long-term 

negative effect on the ecological footprint.  

Despite the consensus on its benefits, the impact of renewable energy on 

ecological footprint is not universally positive unless supported by appropriate 

factors. For instance, Li et al. (2022) employed threshold panel regression model 

using data from 120 countries spanning the past 20 years found that renewable 

energy reduces ecological footprint and supports economic growth, but its 

effectiveness varies with the level of urbanization and income group, showing 

stronger environmental benefits after urbanization crosses certain thresholds and in 

regions with better energy efficiency and development conditions. Besides. Azimi 

and Rahman (2024), who employed the same model in the context of 74 developing 

countries from 2000 to 2022. They found that renewable energy could reduce 

ecological footprint by lowering environmental degradation, but its effectiveness 

depends on achieving certain thresholds in fiscal capacity, human development, 

institutional quality, and population density. 

 

2.3 Non-Renewable Energy Production on Ecological Footprint 

Recently, there has been growing traction in studying natural resources and 

ecological footprints (Danish et al., 2020; Abbasi et al., 2021; Jahanger et al., 2022).  

Human activities are the main driving force behind environmental degradation. CO2 

are used as indicator to represent environmental degradation, which serves as a 

proxy for the ecological footprint (Shabir et al., 2021; Akpanke et al., 2024). The 

ecological footprint index included a different dimension of factors such as cropland, 

forest area, carbon demand on land, fishing grounds, grazing land, and built-up land 

(Alvarado et al. 2022). Azam et al. (2023) revealed that the ecological footprint has 

expanded dramatically in recent years, primarily due to the production of produce 

excessive waste and pollution by human activities that encompass energy 

production. World Energy and Climate Statistics – Yearbook (2024), claims that 

energy production means the quantity of natural resources extracted for energy 

production. Danish et al. (2020) posited that economic development boosts the 

industrialization process, which in turn leads to greater extraction of natural 

resources. The extraction and exploitation of natural resources increase at the same 

https://link.springer.com/article/10.1007/s11356-024-32151-1#ref-CR12
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rate as income, resulting in a decline in biocapacity and, ultimately, an increase in 

the ecological footprint. Humanity is depleting scarce resources that have surpassed 

the Earth’s ability to regenerate them while also producing waste that exceeds the 

planet’s natural capacity to dispose of them (Akif and Sinha, 2020; Danish et al., 

2020; Nathaniel, 2020). When these carbon-based resources such as fossil fuel, coal, 

and natural gases, are combusted, they emit a significant amount of carbon emission, 

which heavily depletes the atmosphere (Zhao et al., 2021; Hanif et al., 2019; Zhao 

et al., 2022). Moreover, they have concluded that the CO2 emissions are closely 

related to energy consumption patterns and economic growth by using the 

autoregressive distributed lag model in Indonesia (Yahya et al., 2023; Idroes et al., 

2023). Sharma and Kautish (2020) also examined how electricity generation from 

oil and coal affects CO2 emissions, focusing on India from 1976 to 2016. They 

concluded that both types of power plants significantly contribute to environmental 

degradation by releasing greenhouse gases.  

 Liu et al. (2020) noted that high-emitting industries production for steel, 

cement, chemical and other industries in China that are heavily reliant on fossil fuel 

energy for their production process are the major contributors to greenhouse gas 

emissions, as a significant amount of CO2 was produced during the process in 2019. 

Lin and Jia (2020) further analysed how coal-based electricity in China impacts 

energy, economy, and the environment. In China, coal is heavily used for heating 

during winter. However, combusting coal directly for heat, instead of converting it 

into electricity, also produces even higher levels of CO2 emissions, bringing more 

harmful impacts to the environment. Though generating electricity from coal 

releases relatively less CO2 than burning coal directly for heat, the electricity 

generation from coal is not far less polluting as it generates millions of BTUs of 

energy output, emitting significant CO2. In this way, while coal-based electricity is 

used as a tool for controlling emissions, it also remains a major source of CO2 

pollution.  Zhang et al., (2023) reconfirmed that electricity production from fossil 

fuel and CO2 emissions are positively correlated, which generally harms the 

environmental balance and degrades the natural resources. However, they also 

found that coal-fired plants are the most destructive, as coal combustion releases 

the highest amount of CO2 emissions among all fossil fuels such as oil and nuclear. 
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 Besides that, there are several studies that focused on the non-renewable 

energy in the environmental aspect. The increased of reliance on non-renewable 

energy significantly reduced environmental sustainability, thereby leading to the 

urgent requirement for the strategies in using renewable energy (Sherif et al. 

2022; Khan et al., 2019; Hassan et al., 2019; Dehdar et al., 2023; Chu et al., 

2023;  Zhang et al., 2022). Furthermore, Xu et al. (2022) underlined the importance 

of monitoring non-renewable energy production to reduce the ecological footprint 

and discourage rent-seeking behavior and uncertain economic policies. By 

effectively strategizing and overseeing non-renewable energy production, resource 

extraction can be done responsibly with respect for the environment. Hence, it can 

reduce the ecological footprint. 

 

 

2.4 Moderator Role of Green Investment Toward Ecological 

Footprint  

Numerous studies have revealed that those regions and countries with more 

green investment have a lower ecological impact, even as they grow economically. 

Such a trend suggests that green investment is not only an additional component of 

economic growth, but also a factor that can shape growth in a more sustainable 

manner. For instance, Danish et al. (2020), who employed fully modified ordinary 

least square and dynamic ordinary least square estimators on BRICS economies for 

the period from 1992 to 2016. They found that the function of green investment 

reduces the ecological footprint, implying that green investment has a positive 

contribution to environmental quality. Besides, Suki et al. (2022) also discussed 

how technology innovations, a proxy for green investment, play a significant role 

in sustaining the environmental integrity of sustainable development in Malaysia 

during the period from 1971 to 2017. Bergougui (2024) also found that green 

technology reduces ecological footprint, from 1990 to 2021 in Algeria. 

The moderating function of green investment on the relationship between 

research and development (R&D) expenditure and ecological footprint is based on 

the endogenous growth theory proposed by Romer (1989). The theory considers the 

key economic growth determinants lie within innovations, human capital, and 

https://www.sciencedirect.com/science/article/pii/S0040162523005218#bb0660
https://www.sciencedirect.com/science/article/pii/S0040162523005218#bb0660
https://www.sciencedirect.com/science/article/pii/S0040162523005218#bb0410
https://www.sciencedirect.com/science/article/pii/S0040162523005218#bb0310
https://www.sciencedirect.com/science/article/pii/S0040162523005218#bb0195
https://www.sciencedirect.com/science/article/pii/S0040162523005218#bb0150
https://www.sciencedirect.com/science/article/pii/S0040162523005218#bb0150
https://www.sciencedirect.com/science/article/pii/S0040162523005218#bb7000
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knowledge. In this case, green investment directs the financial resources towards 

funding the R&D process, enabling the constant creation of technological 

innovation that maintain the long-term economic growth and reduce the ecological 

footprint. For instance, the expenditure on R&D contributes positively to the 

reduction of CO2 emissions in the EU-15 and the US (Fernandez et al., 2018). In 

addition, Alvarado et al. (2021) analysed a sample of 77 countries and investigated 

how R&D spending contributes towards the reduction of ecological footprint over 

the time frame of 1996–2016. They concluded that R&D expenditure has a negative 

relationship with ecological footprint. The outcomes of investment in environment-

related technologies in a sustainable environment, Khan et al. (2022) discussed the 

conditions in Canada, they established that this investment in Canada helped in 

combating environmental deterioration. Furthermore, Li and Xu, (2023) used the 

annual data in BRICS countries from 1990 to 2020. They authors concluded that 

green investment positively influences the fiscal policy on ecological footprint from 

1990 to 2018. 

Technological innovation is another crucial pathway through which green 

investment plays a moderating role in reducing the ecological footprint. Green 

investment plays a role in fostering technological innovation by providing the 

necessary financial resources and incentives for research, experimentation, and 

commercialization of eco-friendly technologies. For instance, Xu et al. (2022) 

discussed the adoption of energy-efficient technologies in industries significantly 

lower non-renewable energy use and reduce the ecological footprint in Turkey using 

the yearly dataset spanning from 1980 to 2019. Ahmad et al. (2021) showed that 

technology innovation moderates the effects of ecological footprint in G-7 countries 

over 1980 to 2016. Besides, Hosan et al. (2020) analysed that the technological 

innovation has facilitated the improvement of ecological footprint using 

environmental quality as proxy in Asian countries of 1985 to 2014 and found a 

strong inverse relationship between technology innovation and ecological footprint. 

Satrovic et al. (2024) also found consistent result with Jahanger et al. (2022) in the 

case of green investment serves as moderating function towards ecological footprint. 

Renewable energy investment, particularly in wind and solar technologies, 

has a positive impact on ecological footprint by reducing dependence on carbon-

intensive energy sources and minimizing environmental impacts. Green investment, 



 
Exploring The Moderating Role of Green Investment in China’s Energy Production 
for Ecological Footprint Reduction 

18 
 

as moderator function, shifts energy production towards cleaner alternatives, 

resulting in lower greenhouse gas emissions and less strain on natural resources. 

For example, Zhang et al. (2022) revealed how the application of technology 

innovation negates the impact of urbanisation on the environment in the course of 

1990–2018 in the BRICS countries, suggesting that technology innovation further 

reducing the deterioration of the environment. Moreover, Haldar and Sethi (2022) 

indicated that technological innovation reduces environmental pressure and 

enhances environmental quality. Raihan et al. (2022) also found that technological 

advancement helps initiate improvements in the ecology in Bangladesh for the 

period of 1990–2019.  

The above literature review revealed that green investment acts as a 

moderator towards ecological footprint. Therefore, we propose the two hypotheses 

as follows:  

Hypothesis 1: Green investment moderates the impact of renewable energy 

production on ecological footprint. 

Hypothesis 2: Green investment moderates the impact of non-renewable energy 

production on ecological footprint. 

 

2.5 Environmental Kuznets Curve (EKC) Hypothesis for 

Ecological Footprint 

The Environmental Kuznets Curve (EKC) Hypothesis was first introduced 

by Grossman and Krueger in the year 1991 (Shahbaz et al., 2019). In EKC, it 

suggests that when a country develops economically, its environmental condition 

will tend to worsen at the early stage.  However, as the economy expands, there is 

an increasing awareness among households and the government regarding 

environmental concerns. Consequently, measures are taken to address these issues, 

ultimately reducing environmental degradation (Prasad, 2024). In simple words, as 

economic growth, environmental damage tends to increase. However, after 

reaching the curtain threshold level, this movement of trend reverses, and 

environmental degradation starts to decline. This relationship can be illustrated as 

an inverted- U-shaped curve.  
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The relationship between pollution and income is influenced by three key 

factors: scale, composition, and technical. Firstly, the scale effect indicates that 

when the production level rises, it tends to drive up the pollution level. While the 

composition effect reflects a sectoral transformation in economies. For instance, 

during the sectoral transformation like agricultural to industry, the environment 

tends to degrade along with this transformation. While the technical effect is 

illustrated when the economy evolves again from the industry sector to services, 

pollution typically reduces after reaching certain maximum level of industry growth 

and environment at the stage of industry economies.  

 In earlier studies, there are numerous researchers studied the cause of 

environmental degradation by using CO2 emissions as a proxy for environmental 

degradation and they have shown there is a correlation between these two variables 

(Chaabouni, Zghidi, Mbarek, 2016; Shahbaz, Jamel et al., 2016). However, CO2 

emissions provide very limited insight into the extent of environmental degradation 

because it is limited to the measurement of air quality. Hence, there has been a 

notable movement in scholarly focus toward using ecological footprint as another 

proxy for environmental degradation due to its comprehensiveness and extensive 

dimension (Aydin et al., 2019; Destek & Sarkodie, 2019;  Wang & Dong, 2019).  

 The past studies on ecological footprint and economic growth shown a 

mixture result as compared with CO2 emission. A study by Al-Mulahi et al. (2015), 

who have explored the EKC hypothesis across 93 different countries using panel 

data with ecological footprint as the dependent variable. In their studies, they found 

that the EKC is valid for high and middle-income countries, but it does not hold for 

lower middle and low-income countries. Similarly, Ozturk et al. (2016) also found 

a coincide result to Al-Mulahi et. al(2015) by testing the correlation between 

ecological footprint, tourism GDP, foreign trade volume, urban population, and 

energy consumption across 144 countries from 1988 to 2008 with the time-series 

generalized method of moment and stochastic generalized method of moment.  

  Moreover, researchers have shown that economic growth has an inverted 

U-shaped effect on ecological footprint. For instance, Asıcı and Acar (2016a) 

analysed the relationship between ecological footprint, biocapacity, GDP, trade 

openness, population, industry share, ecological regulation, and energy by using the 

https://www.sciencedirect.com/science/article/pii/S2210670719300459#bib0040
https://www.sciencedirect.com/science/article/pii/S2210670719300459#bib0130
https://www.sciencedirect.com/science/article/pii/S2210670719300459#bib0355


 
Exploring The Moderating Role of Green Investment in China’s Energy Production 
for Ecological Footprint Reduction 

20 
 

FE econometric method in 116 countries. Charfeddine and Mrabet (2017) used a 

panel analysis test for 15 MENA countries for the period from 1995 to 2007 on 

ecological footprint, GDP, energy usage, urbanization, fertility and life expectancy.  

Ulucak and Bilgili (2018) explored the correlation between GDP and ecological 

footprint across 45 low, middle, and high-income nations from 1961 to 2013 by 

using the second-generation panel data methods. Destek and Sarkodie (2019) 

discovered the casual relationship between ecological footprint, GDP, energy 

consumption, and financial development of 11 newly industrialized countries 

between the sample period 1977-2013. Lee and Chen’s study (2020) on 123 

countries spanning from 1992-2016 by using a quantile regression approach. This 

means that, after a certain level of development, the concern about Earth's resources 

has been apparent by people and thus, the ecological footprint has dropped 

eventually.  

While numerous researchers likewise have shown the opposite result of 

EKC with ecological footprint. For instance, Bagliani et al. (2008) analyzed 

ecological footprint data from 141 countries in the year 2001 by utilizing both the 

Ordinary Least Squares and Weighted Least Squares methods as well as 

nonparametric regression analysis to examine linear, quadratic, and cubic 

relationships. Their findings indicate EKC relationship does not emerge when the 

ecological footprint is used as the dependent variable. Instead, they found that 

environmental stress tends to rise as income per capital increases. Besides, Wang et 

al. (2013), observed that both income levels and biocapacity play a significant role 

in affecting the ecological footprint. Similarly, Uddin et al. (2017) discovered that 

economic growth as measured by real income is positively correlated with 

ecological footprint. In other words, the income levels and the ecological footprint 

tend to move in the same direction. Also, Alola et al. (2022) conducted an analysis 

of the dynamics of ecological footprint for the period from 1971 to 2016 and they 

revealed that economic growth are positively correlated with ecological footprint. 

  In Qatar, Charfeddine (2017) further supported that the concept of 

ecological footprint is comprehensive. The author discovered a U-shaped 

relationship between GDP and ecological footprint, implying that when GDP 

increases, EP initially decreases before bouncing back.  Destek and Shinha (2020) 

have examined the validity of the EKC across twenty-four OECD countries during 
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the period from 1980 to 2014. Their result revealed that EKC did not hold for these 

countries, and they found evidence of a U-shaped relationship between economic 

growth and ecological footprint. Bagliani et al. (2008) have concluded that EKC 

hypothesis is invalid because by changing the localization of supply, environmental 

damage is shifted away from wealthier countries, suggesting that the changes in 

production often linked to the EKC, can occur not only through advancement in 

technology and changes in consumption but also through relocating supply chains 

in other regions.  

The above literature review revealed the dynamic result of the EKC 

hypothesis in different countries with different periods. Therefore, we propose the 

hypothesis as follows:  

Hypothesis 3: Green investment has a significant inverted U-shaped effect on the 

relationship between economic growth and the ecological footprint in China. 
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Chapter 3: Data and Methodology 

3.1  Description and Source of Data 

The ecological footprint is quantified by calculating the ecological footprint 

global hectare (gha) per person, using the data obtained from the Global Footprint 

Network. The ecological footprint consists of a more comprehensive measurement 

that is calculated by measuring the build-up land, CO2 emission, cropland, fishing 

grounds, forest products, and grazing land.  For the measurement of green 

investment (GI), we used another extensively utilized proxy, namely investment in 

industrial pollution treatment using the unit measurement of RMB billion. The data 

for this measurement was obtained from the Committee of Electronic Information 

and Communication.  

 Renewable energy production (RE) is measured by gigawatt hours (GWh). 

While non-renewable energy production (NRE) is assessed using terajoule (TJ), 

which is equivalent to 1 trillion joules. Both of these data are obtained from the 

International Energy Agency. Besides, gross domestic production (GDP) is 

measured by the GDP per capita in constant local currency units (LCU), which is 

obtained from World Bank Data. The measurement of population density (PD) 

which is quantified by people per sq. km of land area. The data for this measurement 

was obtained from World Bank Data.  

 The sample period for data collected spans from 1990 to 2022 in China. In 

order to reduce multicollinearity and heteroscedasticity in the regression models, 

natural logarithm transformation is applied to all variables. This approach helps 

stabilize variance, reduce the scale of the data, and enhance the interpretability of 

the coefficients, ultimately leading to more robust and reliable results in the analysis.  
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3.2  Model Specification 

To determine the impact of independent variables (energy production and 

green investment) and control variables (economic growth and FDI) on ecological 

footprint, we need to construct an appropriate benchmark model for these variables. 

Based on the studies by Ansari (2022) and Zia et al. (2021), we establish the 2 

frameworks to separate into two types of energy production (renewable energy and 

non-renewable) as shown in the following specification: 

𝑙𝑛𝐸𝐹𝑃𝑡= f (𝑙𝑛𝑅𝐸𝑡, 𝑙𝑛𝐺𝐼𝑡, 𝑙𝑛𝐺𝐷𝑃𝑡,𝑙𝑛𝐺𝐷𝑃𝑡
2, 𝑙𝑛𝑃𝐷)                    (1) 

𝑙𝑛𝐸𝐹𝑃𝑡= f (𝑙𝑛𝑁𝑅𝐸𝑡, 𝑙𝑛𝐺𝐼𝑡, 𝑙𝑛𝐺𝐷𝑃𝑡,𝑙𝑛𝐺𝐷𝑃𝑡
2, 𝑙𝑛𝑃𝐷)             (2) 

where t represents years (i= 1,2,3…Y). 

 

 The newly developed method for empirical evaluation is presented in 

Equations (3) and (4): 

𝑙𝑛𝐸𝐹𝑃𝑡=𝛽0 + 𝛽1𝑙𝑛𝑅𝐸𝑡 + 𝛽2𝑙𝑛𝐺𝐼𝑡 + 𝛽3𝑙𝑛𝐺𝐷𝑃𝑡 + 𝛽4𝑙𝑛𝐺𝐷𝑃𝑡
2 + 𝛽5𝑙𝑛𝑃𝐷𝑡 + ɛ𝑡     (3) 

𝑙𝑛𝐸𝐹𝑃𝑡=𝛽0 + 𝛽1𝑙𝑛𝑁𝑅𝐸𝑡 + 𝛽2𝑙𝑛𝐺𝐼𝑡 + 𝛽3𝑙𝑛𝐺𝐷𝑃𝑡 + 𝛽4𝑙𝑛𝐺𝐷𝑃𝑡
2 + 𝛽5𝑙𝑛𝑃𝐷𝑡 + ɛ𝑡  (4) 

where ɛ𝑡  refers to random errors. 𝛽0  means the constant term. 𝛽1…5  represented 

expected coefficients. 

 

 When 𝛽1…5 are negative values, it indicates that variables have a negative 

impact on the ecological footprint. In simple terms, the indicators can help reduce 

the ecological footprint if the coefficients are negative.  
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3.3 Methodology  

3.3.1 The ARDL Bounds Testing Approach   

The autoregressive distributive lag (ARDL) bound testing approach is used 

to estimate the long-run relationship between the variables and to test whether the 

variables are integrated I(1) or  I(0). By applying the correct lag length, we are also 

able to deal with the endogeneity problem as well as serial correlation. Moreover, 

it is also an accurate estimation technique used in small finite samples while 

producing short-run and long-run estimates at the same time. Because of these 

benefits, ARDL is the best econometric model for estimating both long-run and 

short-run estimates of our variables. The ARDL model for our selected variables is 

shown in Equation (5) and Equation (6), to separate between the independent 

variables, renewable energy production and non-renewable energy production: 

LogEFPt = θ0 + λ1LogREt-1 + λ2LogGFt-1 + λ3LogGDPt-1 + λ4Log(GDP2)t-1 + 

λ5LogPDt-1 + Ʃ1LogREt-I + Ʃ2LogGFt-I + Ʃ3LogGDPt-I + 

Ʃ4Log(GDP2)t-I  + Ʃ5LogPDt-I  + ECTt-1 + μ              (5) 

 

LogEFPt = θ0 + λ1LogNREt-1 + λ2LogGFt-1 + λ3LogGDPt-1 + λ4Log(GDP2)t-1 + 

λ5LogPDt-1 + Ʃ1LogNREt-I + Ʃ2LogGFt-I + Ʃ3LogGDPt-I + 

Ʃ4Log(GDP2)t-I + Ʃ5LogPDt-I  + ECTt-1 + μ              (6) 

where  is the first difference operator, λ represents the long-run coefficients, θ is 

the short-run coefficients, and μ is the error term. 

 The joint null hypothesis that signifies no cointegration relationship is H0: 

1  2  3  4  5  0. The alternative hypothesis of a cointegration relationship 

is H1: 1 = 2 = 3 = 4 = 5 = 0. The ARDL method begins with testing the 

hypothesis of no cointegration using an F statistic. ARDL also has upper bound and 

lower bound values for the F statistic where if it exceeds the upper bound values 

signifies cointegration, and if below the lower bound signifies no cointegration. The 

results are unsuitable if the F statistic lies between the upper and lower bounds. 

After testing the existence of cointegration is to estimate both short and long run 
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dynamics. A few tests will also be utilized to check the model’s reliability and 

validity.  

To test Hypothesis 1 of this study, we explore deeper into how green 

investment influences the relationship we are examining as a moderating factor. 

Researchers commonly evaluate the effect of a moderator by incorporating an 

interaction term between the moderator and the explanatory variables in their 

baseline regression model. Subsequently, they assess the moderating effect by 

observing the coefficient of the interaction term to determine its impact on the 

relationship between the explanatory variable and the outcome (Yang et al., 2022). 

Thus, this paper investigates how the variable of GI and its interaction with EP 

affect the moderating role of green investment. It examines how green investment 

moderates the impact of energy production on ecological footprint. The structure of 

Equations 7 and 8 are as follows to separate the independent variables, renewable 

energy production, and non-renewable energy production: 

ln 𝐸𝐹𝑃𝑡=𝛽0 + 𝛽1𝑙𝑛𝑅𝐸 + 𝛽2𝑙𝑛𝐺𝐼𝑡 + 𝛽3𝑙𝑛(𝐺𝐼 ∗ 𝑅𝐸)𝑡 + 𝛽4𝑙𝑛𝐺𝐷𝑃𝑡 + 𝛽5𝑙𝑛𝐺𝐷𝑃𝑡
2   

𝛽6𝑙𝑛𝑃𝐷𝑡 + µ𝑡          (7) 

ln  𝐸𝐹𝑃𝑡=𝛽0 + 𝛽1𝑙𝑛𝑁𝑅𝐸 + 𝛽2𝑙𝑛𝐺𝐼𝑡 + 𝛽3𝑙𝑛(𝐺𝐼 ∗ 𝑁𝑅𝐸)𝑡 + 𝛽4𝑙𝑛𝐺𝐷𝑃𝑡 +

𝛽5𝑙𝑛𝐺𝐷𝑃𝑡
2  𝛽6𝑙𝑛𝑃𝐷𝑡 + µ𝑡        (8) 

 

To validate EKC, we have used the baseline equation by focusing on the 

GDP and GDP2 to capture the non-linear relationship. To separate between 

renewable energy production and non-renewable energy production, we used 

Equation (9) and Equation (10), respectively. Both represent the Environmental 

Kuznet Curve hypothesis equation in which GDP and GDP2, are evaluated in the 

following possible outcomes (Lee, 2021).  

 

𝑙𝑛𝐸𝐹𝑃𝑡=𝛽0 + 𝛽1𝑙𝑛𝑅𝐸𝑡 + 𝛽2𝑙𝑛𝐺𝐼𝑡 + 𝛽3𝑙𝑛𝐺𝐷𝑃𝑡 + 𝛽4𝑙𝑛𝐺𝐷𝑃𝑡
2 + 𝛽5𝑙𝑛𝑃𝐷𝑡 + ɛ𝑡    (9) 

𝑙𝑛𝐸𝐹𝑃𝑡=𝛽0 + 𝛽1𝑙𝑛𝑁𝑅𝐸𝑡 + 𝛽2𝑙𝑛𝐺𝐼𝑡 + 𝛽3𝑙𝑛𝐺𝐷𝑃𝑡 + 𝛽4𝑙𝑛𝐺𝐷𝑃𝑡
2 + 𝛽5𝑙𝑛𝑃𝐷𝑡 + ɛ𝑡           

  

(10)

) 
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 The correlation between economic development (GDP) and the ecological 

footprint can be different depending on the coefficients by GDP and its square term 

in the model. When both coefficients for GDP and GDP squared are equal to zero 

(β3 = β4 = 0), it implies that there is no statistically significant link between GDP 

and ecological footprint, indicating a flat association. Conversely, if the coefficient 

of GDP is positive (β3 > 0) and the squared term is zero (β4 = 0), it indicates that 

the ecological footprint increases in a monotonic manner with GDP, demonstrating 

a persistent positive correlation between economic growth and the ecological 

footprint. 

  Conversely, if the coefficient of GDP is negative (β 3 < 0) and the squared 

term is insignificant (β 4 = 0), it suggests a consistent downward trend, where rising 

GDP is associated with a lower ecological footprint score. When the coefficient of 

GDP is positive (β 3 > 0) and the squared term is negative (β 4 < 0), the relationship 

exhibits an inverted U-shaped pattern. This implies that the economic growth rate 

first increases with GDP but eventually declines after reaching a maximum point. 

Lastly, when GDP has a negative coefficient (β 3 < 0) and the squared term is 

positive (β 4 > 0), it results in a U-shaped relationship. This means that ecological 

footprint initially decreases with GDP but then increases again over a certain 

threshold. 
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Chapter 4: Results and Discussion 

4.1  Preliminary Analysis 

In this study, we analyze data collected from 1990 to 2022 with 33 

observations. The purpose of conducting this descriptive analysis is to study the 

fundamental properties of the selected variables for our study. This analysis is to 

provide an overview of our data’s central tendency, dispersion, and overall 

distribution.  The descriptive statistics of the variables EFP, RE, NRE, GI, GDP, and 

PD are summarised in Table 4.1 and reveal variability across the data. 

 

Table 4.1: Preliminary Analysis  
 Mean Standard 

Deviation 

Max Min Kurtosis Skewness JB-Test 

EFP 2.4915 

 

0.8309 3.62 1.35 -1.3498 -0.0044 3.7443 

RE 819519.4848 

 

781109.9921 2733262 125165 -0.0009 1.0953 6.0482* 

NRE 65134663.1818 

 

28762959.3204 114726060 28030674 -1.6013 0.0879 3.3219 

GI 37231.5900 

 

26478.1873 99765.1087 4544.65 0.5629 02.3665 2.2946 

GDP 33688.5620 

 

23639.8347 80163.8500 6275.8968 -1.0289 0.5863 3.2540 

PD 138.5950 8.9083 150.4398 120.9153 2.0308 -0.3612 2.0092 
Note: LNEFP denotes ecological footprint (Gha Per Person). LNRE denotes renewable energy production (Kilowatt-Hour). 

LNNRE denotes non-renewable energy production (terajoules). LNGI denotes green investment (RMB million). LNGDP 

and LNPD denote GDP constant local currency and population density respectively (GDP per Capita & People Per Sq. 

Km of Land Area).   
 

For ecological footprint (EFP), the mean ecological footprint of 2.4915 

indicates that each person in China would need approximately 2.4915 hectares of 

productive land and water to sustain their life. Throughout the sample period, the 

ecological footprint has shown an upward trend, rising from a minimum point of 

1.35 in 1990 to a maximum point of 3.62 in 2022. This mean value is found to 

exceed the Earth's total biocapacity of approximately 1.7 Earth, suggesting that the 

population in the country consumes more resources and generates waste than what 

the planet can sustainably support for a person. The standard deviation of ecological 

footprint is 0.8309 which varies moderately around the mean. This suggests that the 
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people across China have similar access to resources such as productive land, water, 

energy, food and so on.  

Renewable energy production (RE) shows a mean of 819519.4848 kilowatt-

hour (KWh). The mean indicates that China has generated 819519.4848kWh of 

electricity by using renewable energy. The standard deviation of RE is 

781109.9921KWh which indicates a significant variability in using renewable 

energy to produce energy across China, reflecting that the use of renewable energy 

to produce electricity is not prevalent enough across China. However, renewable 

energy production has risen from 125165 KWh to 2733262 KWh, reflecting that 

China has slowly focused on delivering clean energy.  

Besides, non-renewable Energy (NRE) exhibits a mean of 

65134663.1818terajoules (tj) which represents the average energy production from 

non-renewable sources (coal, oil, natural gas and nuclear) across the country. The 

non-renewable energy production in China also shows an upward trend, varying 

from 28030674tj to 114726060tj throughout the timespan from 1990 to 2022. This 

massive mean value reflects China’s status as one of the world’s biggest countries 

that heavily rely on producing and consuming non-renewable energy. Whereas the 

standard deviation of 28762959.3204tj suggests that there is huge variability in 

producing non-renewable energy. A high standard deviation implies that energy 

production is widely spread along the range, which means there is a fluctuation in 

producing non-renewable energy across the country. 

The mean of green investment (GI) is 37231.5900RMB million, indicating 

the average investment that China has invested in industrial pollution treatment. 

The standard deviation is RMB 26478.1873 million, which means that the green 

investment tends to deviate from the mean by RMB 26.48 billion on average. This 

standard deviation value suggests that there is huge variability in green investment 

across China. However, the green investment depicts an upward trend, increasing 

from 4544.65RMB to 99765.1087RMB over the years, which suggests that China 

has been gradually prioritizing medicating the pollution issue through substantial 

financial investment.  

For the control variables gross domestic product (GDP) and population 

density (PD), the descriptive analysis for these variables also reveals a substantial 
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variability across the country. The average of GDP is RMB 33688.5620, which 

represents economic output per capita in China and the standard deviation is RMB 

23,639.8347which signifies a substantial disparity in the economic activity across 

each population in China. For PD, the mean value is 138.5950km of land area, 

which shows China has a relatively high population density given its large land area. 

The standard deviation of this variable is 8.9083km of land which implies that there 

is a low variation of population across the land in China. 

 

Lastly, based on our preliminary analysis, the JB test statistic indicates the 

non-rejection of the null-hypothesis of normal distribution. However, there is an 

exceptional in RE where its test statistic (6.048223) indicates the variable RE is not 

normally distributed, suggesting an exponential growth in RE which could be 

attributable to China’s Energy Policy 2012 where the Chinese government's strong 

initiative to develop new and renewable energy (Information Office of the State 

Council, 2012).  
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4.2 Unit Root Test  

 

Note: LNEFP denotes ecological footprint. LNRE denotes renewable energy production. LNNRE denotes non-

renewable energy production. LNGI denotes green investment. LNGDP and LNPD denotes GDP constant local 

currency and population density respectively. All these variables are expressed in logarithm form. ***, **, * 

denote as significance level at 1%, 5%, 10% respectively.  Figure in parentheses () represents the lag length 

used.  

 

We establish a robust regression models that capture the long-run 

relationship between the variables. One of the key assumptions in the regression 

analysis is that the variable must be non-stationary over the sample period, meaning 

that the statistical properties of the time series do not change over time. The non-

stationary data can lead to spurious regression problems, and potentially provide 

misleading results in our study. To minimize this concern, we implement the 

augmented Dickey-Fuller unit root test to examine the stationarity of the variables. 

By using the auxiliary model with constant term and without trend, the results of 

the unit root test indicate that the null hypothesis of the unit root for each variable 

failed to be rejected in the level form. However, we can reject the null hypothesis 

of unit root when variables are in the first difference form. This finding 

demonstrates that the variables are integrated in the first-order process and similar 

findings are obtained by using a model with constant terms and trends. 

 

 

Table 4.2: Augmented Dickey-Fuller Unit Root Test 

ADF Constant without trend Constant with trend 

Level First Difference Level First Difference 

LNEFP 1.5050 (8) -2.9305(8)* 1.4945(8) -3.1455(8) 

LNRE 0.9385(1) -6.6830(1)*** -2.4150(1) -6.7673(1)*** 

LNNRE -0.9571(1) -2.9481(1)* -2.0141(1) -2.949(1) 

LNGI -2.300(8) 

 

-3.9905(8)** 0.32217(8) -4.618(8)** 

LNGDP -1.506(3) -1.3380(3)* 0.8713(3) -3.4541(3)** 

LNPD -2.0894(7) -0.3833(7) -0.5693(7) -3.8319(7)** 
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4.3 ARDL Bounds Testing  

We further examine the existence of the long-run relationship between 

ecological footprint and RE, NRE and the interaction terms between REGI and 

NREGI which are represented as Models 1, 2, 3 and 4 respectively.  The calculated 

F-statistic for each model and its associated critical values at 1%, 5%, and 10% as 

shown in Table 4.3.  

 

Table 4.3: Bounds Testing  
 Model Function F-Statistic Significance 

Level 

I(0) I(1) 

Model 1 EFP= f (RE, GI, GDP, 

GDP2, PD) 

6.9567 1% 

5% 

10% 

4.134 

2.91 

2.407 

5.761 

4.193 

3.517 

Model 2 EFP= f (NRE, GI, 

GDP, GDP2, PD) 

4.6952 1% 

5% 

10% 

4.134 

2.91 

2.407 

5.761 

4.193 

3.517 

Model 3 EFP= f (RE, GI, GDP, 

GDP2, PD, REGI) 

 

12.4722 1% 

5% 

10% 

3.976 

2.794 

2.334 

5.691 

4.148 

3.515 

Model 4 EFP= f (NRE, GI, 

GDP, GDP2, PD, 

NREGI) 

4.2902 1% 

5% 

10% 

3.976 

2.794 

2.334 

5.691 

4.148 

3.515 
Note:  f denotes as function of the model 

 

 

For Model 1, the estimated F-statistic of 6.9567 is found to be above the 

upper bound, I(1), and is greater than the critical values at all significance levels, 

3.517, 4.193, and 5.761. Hence, the null hypothesis of no cointegration is rejected, 

suggesting that there is a long-run relationship between the ecological footprint, 

renewable energy production, economic growth (GDP and GDP2), and population 

density. With Model 2, also a similar finding of rejecting the null hypothesis. Its 

calculated F-statistic is equal to 4.6952, which is above the upper bound and is 

greater than the critical value at 5% and 10% only. This rejection of the null 

hypothesis also suggests a long-run relationship between ecological footprint, non-

renewable energy production, economic growth, and population density. 

 

On the other hand, the F-statistics for Model 3 and Model 4 are 12.4722 and 

4.2902, respectively. Moreover, the F-statistics of Model 3 and Model 4 are 

statistically significant in rejecting the null hypothesis of no cointegration at a 1% 

significance level, with critical values 5.691, respectively. To illustrate, this means 
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that both models are cointegrated, whereby there is a long-run relationship between 

ecological footprint, renewable energy production, green investment, economic 

growth, population density, and the interaction term between renewable energy 

production and green investment (REGI) in Model 3. As for the case of Model 4, it 

suggests that there is a long-run relationship between the interaction term, NREGI, 

with the variables such as non-renewable energy production, green investment, 

economic growth, and population density. 
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4.4 Long Run Estimation 

 

  

Table 4.4: The results of long-run estimates for examining the moderator role of 

green investment 
 Model 1 Model 2 Model 3 Model 4 

Constant 17.2709** 

(6.8698) 

 

9.1572* 

(4.5483) 

 

12.4196** 

(5.3615) 

8.8760* 

(4.3947) 

RE 0.0957 

(0.1539) 

 

- 0.7998* 

(0.4026) 

- 

NRE - 0.2472** 

(0.0935)                               

 

- 0.3604 

(0.4776) 

GDP 3.3894*** 

(1.1399) 

 

2.5338*** 

(0.6313) 

 

2.4970** 

(1.0935) 

2.3751*** 

(0.5515) 

GDP2 -0.1246** 

(0.0594) 

 

-0.0883*** 

(0.0242) 

 

-0.0777 

(0.0565) 

-0.0787*** 

(0.0230) 

GI 0.0426 

(0.0392) 

 

0.0401** 

(0.0148) 

 

0.9888** 

(0.4640) 

0.2958 

(0.9640) 

PD -8.0088** 

(1.3190) 

-6.0254*** 

(1.3523) 

 

-8.1213*** 

(1.2804) 

 

-6.2520** 

(1.9449) 

REGI 

 

- - -0.0701** 

(0.0336) 

 

- 

NREGI - - - -0.0143 

(0.0527) 

 

ECT -0.5588*** 

(0.0713) 

-0.6394*** 

(0.0993) 

-0.5880*** 

(0.0518) 

 

-0.6717*** 

(0.0993) 

Jacque-Bera test  0.9253 

[0.6263] 

 

 1.1915 

[0.5511] 

 

 0.1283 

[0.9378] 

 1.0550 

[0.5901] 

ARCH test  1.1003 

[0.3029] 

 

 0.0231 

[0.8802] 

 

 0.0130 

[0.9107] 

 0.5067 

[0.4823] 

LM test  0.8053 

[0.3792] 

 0.0967 

[0.7588] 

 4.3554** 

[0.0482] 

 0.5237 

[0.4776] 

 

CUSUM Test Stable  Stable  Stable  Stable  

Notes: LNEFP denotes ecological footprint. LNRE denotes renewable energy production. LNNRE denotes 

non-renewable energy production. LNGI denotes green investment. All these variables are expressed in 

natural logarithms. ***, **, * denote significant at 1%, 5%, and 10% levels, respectively. Standard errors 

are reported in ( ). P-values are reported in [ ]. Stable denotes coefficients that have cumulative deviation 

that stays within the expected range in the CUSUM test. 
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After proving the existence of the cointegration between the variables, we 

establish the long-run model estimation as shown in Table 4.3. The results of Table 

4.3 show that all models are adequate. For example, we have performed: The 

Jacque-Bera test to validate the normal distribution of our models; the ARCH test 

which aims to check the absence of heteroscedasticity problem; the Error 

Correction Term (ECT) test to see whether the error terms are correlated to one 

another; the LM test to test the absence of serial correlation problem; and CUSUM 

test to ensure the stability of our data. Of these, all of the findings show the non-

rejection of the null hypothesis of each diagnostic test, and the CUSUM test 

suggests that the data are all stable (the cumulative sum line lies between the upper 

and lower control limits). As a result, all of our models are adequate. However, the 

exception lies with Model 2, which has passed all but the LM test; it rejected the 

null hypothesis of the LM test at a 5% significance level.  

Beginning with Models 1 and 2, which are our basic models that help 

examine the dynamics of renewable energy on ecological footprint and non-

renewable on ecological footprint, respectively. Other than that, these two models 

are also among the four that test the validity of the EKC Hypothesis in China after 

considering the existence of GI. In Model 1, all control variables coefficients are 

statistically significant at a 5% level, except for GDP, which is statistically 

significant at a 1% level. To clarify, we can say that every 1% increase in GDP in 

China cause an approximate 3.39% increase in the country's ecological footprint. In 

comparison, for every 1% increase in PD, there would be an approximate 8.01% 

decrease in the country's ecological footprint. Moreover, the GDP exhibits a 

significantly positive coefficient while GDP-squared (GDP2) shows a significantly 

negative coefficient, signalling an inverted U-shape curve that proves the validity 

of the EKC Hypothesis in China, after considering the existence of GI.  Despite the 

existence of the EKC Hypothesis, the findings in Model 1 serve no useful meaning 

as the core variables are all statistically insignificant at 1%, 5%, and 10% levels 

without RE interacting with GI. There is no relationship in reducing ecological 

footprint after exceeding the threshold point for such a case. The variable, RE itself 

is not significant to reduce the ecological footprint in the context of China.  Thus, 

the findings from Model 1 concludes that it is not practical in explaining the 
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relationship between GI, RE, and ecological footprint in China and are unable to 

answer our hypothesis 3. 

For Model 2, all variables, including the core independent variables, non-

renewable energy and green investment, tend to be at least statistically significant 

at the 5% level, while all control variables are significant at a 1% significance level. 

The findings in Model 3 indicate that with every 1% increase in non-renewable 

energy, the ecological footprint in China increases by approximately 0.25%. For 

every 1% increase in GI, the ecological footprint tends to increase by approximately 

0.04% in China. Furthermore, Model 3 shows a positive coefficient for GDP and a 

negative coefficient for GDP-squared, proving the validity of the EKC Hypothesis 

held in China and can answer our hypothesis 3. Consequently, this finding proves 

that Model 3 is appropriate for testing the relationship between GI, non-renewable 

energy, and ecological footprint in China. The EKC Hypothesis in Model 3 is 

proven to be valid because China’s energy production mix is mainly dominated by 

non-renewable energy.  The findings suggest that over time, China eventually raised 

awareness that this continuous energy combustion is adversely contributing to its 

ecological footprint. Thus, the Chinese government gradually implemented a series 

of measures like strict control on non-renewable energy and strategic GI to ease the 

transition of cleaner energy to conserve the environment. For example, China has 

implemented its 15th 5-year plan to decrease energy production via coal (Oxford 

Institute for Energy Studies, 2022); China has strongly promoted its “1+N” 

framework to encourage green investment growth within the country (Climate 

Bonds Initiative, 2022). Therefore, this finding hints that non-renewable energy, 

after reaching its maximum level, eventually dropped in the later years as China 

started to be concerned about the impact of environmental issues. Additionally, GI, 

independently in the face of non-renewable energy, which is the dominant energy 

mix in China, is not able to improve ecological footprint but deteriorates it instead. 

The explanation that GI has no interacting relationship with China's non-renewable 

energy, suggests that it not only has a negative effect from non-renewable energy, 

but GI also individually carries forward the drawback from green project 

implementations that aggravates ecological footprint in China.  

Moving on with the results in Model 3 and Model 4 were mainly used to 

test for the moderating effect of GI on ecological footprint in China. Both models 
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show a rather unorthodox result. Beginning with Model 2, all variables are 

statistically significant except for GDP2. The finding in Model 2 renders the EKC 

hypothesis invalid in China after considering GI and REGI. Putting this aside, all 

core variables such as GI, RE, and most importantly, REGI, are at least significant 

at a 10% significance level, except for GI and REGI, which are both significant at 

a 5% significance level. This result is in contrast to the opposite result of Model 1, 

where its core variables are all insignificant in the absence of an interaction term. 

This finding means that for every 1% increase in GI and RE in China, the ecological 

footprint of the country increases by approximately 0.99% and 0.80%, respectively. 

This is unusual because it goes against what we hypothesize which suggests that GI 

and RE tend to reduce ecological footprint. However, when green investment and 

renewable energy interact (REGI), it becomes viable to reduce ecological footprint 

by roughly 0.07%. This finding supports our hypothesis 1.  

Even though the EKC hypothesis is invalid in this context, it does not 

preclude that GI, after interacting with RE, could contribute to a long-term 

reduction in ecological footprint over time. The reason behind the invalid of EKC 

with the consideration of green investment is that the concept of GI is still immature 

and emerging in China. Therefore, in our sample period, GI may not be significant 

enough to boost the adoption of green activities like shifting to RE. China’s RE 

adoption has not been substantial enough to counteract the damage caused by the 

extreme energy production from non-renewable energy sources, particularly coal. 

Hence, this exemplified the non-existence of an inverted U-shaped EKC curve. 

Unlike in Model 1, where both RE and GI are insignificant, they started to produce 

a meaningful relationship after the inclusion of the interaction term REGI in Model 

2. This finding provides useful insights that suggest that GI has always been 

interacting with RE in China. This significant interaction demonstrates that GI tends 

to act as a moderator role in reducing ecological footprint, however, GI and RE tend 

to contribute to impacts that increase ecological footprint. 

GI's negative impact on ecological footprint reflects our expectations in the 

literature review, which suggests that GI might increase ecological footprint based 

on the rebound effect and the Green Paradox. GI, which funds the initial stages of 

implementing RE projects may have a substantial negative impact on the 

environment that outweighs its ecological protection benefits. For example, China’s 
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share in global solar photovoltaic supply has exceeded 80% and has one of the 

highest outputs of solar panels in the world (IEA, 2024). The mining process of 

precious metals used in the production of solar panels utilizes non-renewable energy, 

which not only releases greenhouse gases but also causes soil, water, and air 

pollution. Consequently, increasing the number of solar panel facilities in China 

may displace wildlife and recreation land, which further decreases the ecological 

footprint. Depending on the type of solar panels, it could also either demand a high 

level of electricity fuelled by coal burning to produce or release extremely harmful 

materials.  

However, after the momentum from GI, which rapidly implements RE 

projects, RE which serves as a variable effect on ecological footprint in China, 

displays a paradoxical result in our study. RE supposedly has close to zero 

greenhouse gas emissions and is not reducing the ecological footprint, but is doing 

the opposite and worsening it. Recalling back, RE may not have an impact on the 

carbon element of ecological footprint, nevertheless, it may cause other 

consequences to the environment. One reason is to the immobility of RE 

infrastructures. Since RE projects such as wind farms, mega-dams, and solar panel 

facilities in China have already displaced much land that could otherwise be habitats 

for its broad bio-ecosystems, the monetary costs of restoring the landscape may not 

be justified by its benefits. When facing the impossibility of a perfect scenario, 

between saving wildlife lands or sacrificing them to expedite the clean energy 

transition, China may have chosen the latter just like how it did with mass 

deforestation. Although they may not contribute much to the carbon element 

accounted for in the ecological footprint, the RE infrastructures continuously 

worsen the local ecological systems during their indefinite tenure in occupying 

those lands. Despite the negative impact of RE and GI, the redeeming point is that 

the interaction term of REGI can successfully reduce ecological footprint. Although 

having a relatively smaller magnitude in comparison, the size of future observations 

will grow exponentially. To roughly simulate the future outcome, we take the latest 

observation sourced for this research, the year 2022 as shown in Table 4.5. 

  



 
Exploring The Moderating Role of Green Investment in China’s Energy Production 
for Ecological Footprint Reduction 

38 
 

 

Figure 1: Simulation of Partial Extraction from Model 3 

Based on Table 4.5 and Figure 1, we can roughly estimate that the 

moderating effect of GI tends to overtake the individually negative impact of RE 

and GI on ecological footprint, ultimately improving ecological footprint in China. 

Thus, encouraging a higher level of effort not only towards growing the GI and RE 

markets but also ensuring there is constant interaction between the two concurrently.  

On the other hand, Model 4 also presents a contradictory, unexpected result 

compared to Model 3. In Model 4, all core variables such as GI, non-renewable 

energy, and NREGI are all statistically insignificant even at the 10% level. 

Demonstrating that with the inclusion of the interaction term NREGI, the model 

becomes an impractical design that does not support our hypothesis 2 and does not 

 

Table 4.5: Simulation of Partial Extraction from Model 3 

Year 2022  

RE 

Coefficient  

RE Obs  GI 

Coefficient  

GI Obs  REGI 

Coefficient 

REGI Obs 

(GI*RE) 

Partial effect 

on EFP 

0.7998 14.8210 0.9888 10.2601 -0.0701 152.0656 11.3393 

 

Scenario 1 (double RE Obs, double GI Obs) 

0.7998 29.6420 0.9888 20.5203 -0.0701 608.2627 1.3589 

 

 

Scenario 2 (triple RE Obs, triple GI Obs) 

0.7998 44.4630 0.9888 30.7803 -0.0701 1368.5845 -29.9407 
*Obs stands for observation after logarithmic transformation. 
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assist in explaining the relationship between its core variables and ecological 

footprint in China. By nature, the GI would not be interacting with non-renewable 

energy. This insignificant interaction term implies that the funds from GI will be 

channelled toward RE production, such as solar and wind, which produce near-zero 

emissions, rather than being allocated to enhance the non-renewable energy 

production, which would only marginally increase carbon emissions. Since GI’s 

funds are not majorly channelled toward non-renewable energy in China, with the 

inclusion of the interaction term NREGI in Model 4, the relationship between all 

core variables is nullified because they are non-existent. Therefore, GI does not play 

the moderator role as shown in Model 4. Moreover, the EKC Hypothesis in this 

case holds but is not applicable as all the core variables, non-renewable energy, 

green investment and the interaction between green investment and non-renewable 

energy (NREGI) are statistically insignificant.  

Table 4.6: Summary of Findings 
 EKC Hypothesis  GI play as a moderator role 

Model 1               Valid  - 

Model 2               Valid Yes 

Model 3               Invalid - 

Model 4               Valid  No  

 

 

 

 

 

 

 

 

 

 

 

 



 
Exploring The Moderating Role of Green Investment in China’s Energy Production 
for Ecological Footprint Reduction 

40 
 

Chapter 5: Conclusion 

 

5.1  Main Findings 

The results from ARDL have provided four main findings related to our 

research objectives. To help answer research questions 1 and 2 in testing the validity 

of the EKC Hypothesis after considering green investment, we have utilized basic 

models 1 and 2. Model 1 consists of green investment and renewable energy 

production as its core variables; Model 2 consists of green investment and non-

renewable energy production as its core variables. The EKC hypothesis does not 

hold in Model 1. However, it does hold when considering green investment and 

non-renewable energy production in Model 2.  

To answer research questions 3 and 4 to test the presence of the moderating 

effect of green investment on energy production as well as the validity of the EKC 

Hypothesis, we have used Models 3 and 4.  Model 3 consists of basic core variables 

and the inclusion of interaction between green investment and renewable energy 

production; Model 4 consists of all basic core variables as well as interaction terms 

between green investment and non-renewable energy. Based on our findings, green 

investment acts as a moderator role in reducing the ecological footprint in Model 3, 

however, it has no moderating effect in Model 4. Aside from that, Model 3 does not 

hold the EKC Hypothesis. In Model 4, however, the EKC Hypothesis does hold. 

Refer to Table 5.1 below for the summary of our findings.  
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5.2  Recommendations and Policy Implications  

In the absence of interaction between green investment and renewable 

energy production, our study does not suggest that the scaling up of renewable 

energy production over time can reduce the ecological footprint in China. Our study 

reaffirms that green investment does not channel into non-renewable energy 

production. Instead, it has to interact with renewable energy production to impact 

reducing ecological footprint directly. The validity of the EKC Hypothesis with the 

inclusion of non-renewable energy suggests that China, a major producer of 

electricity in the world via non-renewable resources, is more conscious of reducing 

its emissions to reduce its ecological footprint. This heightened level of awareness 

is reflected in their continuous intention to grow the green investment market as 

well as scaling up renewable energy production.  

China cannot completely abandon non-renewable energy production in the 

short run which would mean a huge brake to its economic development. Moreover, 

China promised to peak carbon emissions in 2030, as in the Paris Agreement. Our 

study suggests that the motivation to grow the momentum for energy transition is 

justified in China. Funds that were originally allocated for non-renewable energy 

production, such as petroleum subsidies and non-renewable energy R&D efforts, 

can now be slowly channelled towards growing the green investment market. 

Consequently, green investment funds have a broad way of utilizing them to 

increase renewable energy production. For example, increasing its current scale or 

green innovation for renewable energy technology that produces power more 

efficiently. Despite potential hazards to the ecological footprint in the short run, 

with these initiatives from green investment which supports renewable energy 

production, China potentially becomes one of the first few countries to become 

carbon neutral in the world before 2060, following the Paris Agreement. Eventually, 

to reflect the core significance of our study, such policies can potentially reduce the 

ecological footprint in China. 
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5.3 Limitations and Recommendations Future Studies  

There are some limitations in our study such as the sampling method. We 

have utilized national data instead of provincial data in China, which provides a 

general preview of the current issues regarding the emergence of green investment 

and energy production in China. However, each province may have different 

initiatives for green investment. Depending on the different approaches taken by 

each province on green policies, the results could drastically change. For example, 

Jiangsu province focuses on clean energy industries like solar, while Mongolia 

prioritizes wind as the green method of producing energy. Conversely, Guangdong, 

Shandong, and Yunnan provinces aim to stimulate investment in environmental 

protection and industrial development. Since China’s renewable sources are located 

in areas that may be far from urban centres where energy demand is highest, this 

presents a geographic mismatch which poses logistical and technical challenges in 

transmitting power over long distances reliably. 

Additionally, we have not tested the green investment’s mediating effect on 

energy production in China due to statistical limitations. Suppose green investment 

plays a mediator role in non-renewable energy production by minimizing its 

magnitude to increase the ecological footprint. In that case, policymakers are 

encouraged to solely grow green investments to diminish the ecological footprint 

in China. On the other hand, if it plays the mediator role in increasing the assumed 

positive impact of renewable energy production on ecological footprint, then this 

phenomenon will also inspire the Chinese government to amass more green funds 

to preserve its ecological environment.  
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Appendix 1 : Descriptive Analysis for Dependent Variable, Ecological Footprint 

 

Appendix 2 : Descriptive Analysis for Independent Variable, Renewable Energy 
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Appendix 3: Descriptive Analysis for Independent Variable, Non-Renewable 

Energy 

 

Appendix 4: Descriptive Analysis for Green Investment 
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Appendix 5: Descriptive Analysis for control variable, GDP 

 

 

Appendix 6: Descriptive Analysis for control variable, population density 
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Appendix 7: Augmented Dickey-Fuller Test on EFP 

Appendix 7.1 Level form constant without trend 

 

Appendix 7.2 Level form constant with trend 
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 Appendix 7.3 first difference constant without trend 

 

Appendix 7.4 first difference constant with trend 
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Appendix 8: Augmented Dickey-Fuller Test on RE 

Appendix 8.1 level from constant without trend 

 

Appendix 8.2 Level from constant with trend 
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Appendix 8.3 First difference constant without trend 

 

Appendix 8.4 First difference constant with trend 
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Appendix 9: Augmented Dickey-Fuller Test on NRE 

Appendix 9.1 Level from constant without trend 

 

Appendix 9.2 Level from constant with trend 
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Appendix 9.3 First difference constant without trend 

 

Appendix 9.4  First difference constant with trend 
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Appendix 10: Augmented Dickey-Fuller Test on GI 

Appendix 10.1 Level from constant without trend 

 

Appendix 10.2 Level from constant without trend 
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Appendix 10.3 First Difference constant without trend 

 

Appendix 10.4 First Difference constant with trend 
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Appendix 11: Augmented Dickey-Fuller Test on GDP 

Appendix 11.1 Level from constant without trend 

 

Appendix 11.2 Level from constant with trend 
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Appendix 11.3 First difference constant without trend 

 

Appendix 11.4 First difference constant with trend 
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Appendix 12: Augmented Dickey-Fuller Test on PD 

Appendix 12.1 Level from constant without trend 

 

Appendix 12.2 Level from constant with trend 
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Appendix 12.3 First difference constant without trend 

 

Appendix 12.4 First difference constant with trend 
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Appendix 13 Autoregressive Distributed Lag Bound Testing 

Appendix 13.1 Bound Testing on Model 1  

 

Appendix 13.2 Bound Testing on Model 2 
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Appendix 13.3 Bound Testing on Model 3 

 

 

 

Appendix 13.4 Bound Testing on Model 4 
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Appendix 14 Long Run Estimation on Model 1 

 

Appendix 14.1 Error Correction Form on Model 1 
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Appendix 14.2  Jacqaue-Bera Test on Model 1 

 

Appendix 14.3  ARCH Test on Model 1 
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Appendix 14.4 LM Test on Model 1 

 

Appendix 14.5 CUSUM Test on Model 1 
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Appendix 15 Long Run Estimation on Model 2 

 

Appendix 15.1  Error Correction Form on Model 2 
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Appendix 15.2 Jacque-Bera Test on Model 2 

 

Appendix 15.3 ARCH Test on Model 2 
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Appendix 15.4 LM Test on Model 2 

 

Appendix 15.5 CUSUM Test on Model 2 
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Appendix 16 Long Run Estimation on Model 3 

 

 

 

Appendix 16.1 Error Correction Form on Model 3 
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Appendix 16.2 Jacque-Bera Test on Model 3 

 

 

Appendix 16.3 ARCH Test on Model 3 
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Appendix 16.4 LM Test on Model 3 

 

 

Appendix 16.5 CUSUM Test on Model 3 
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Appendix 17 Long Run Estimation on Model 4 

 

 

Appendix 17.1 Error Correction Form on Model 4 
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Appendix 17.2 Jacque-Bera Test on Model 4 

 

Appendix 17.3 ARCH Test on Model 4 
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Appendix 17.4 LM Test on Model 4 

 

 

Appendix 17.5 CUSUM Test on Model 4 

 


