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Abstract

This study investigates the key drivers of environmental sustainability in 43 Asian economies from 1990 to 2023,
emphasizing their implications for sustainable development, particularly in alignment with the United Nations
Sustainable Development Goals (SDGs 7, 8, 9, 13, and 15). Using the Generalized Method of Moments (GMM),
with robustness checks via the fixed effects model and Driscoll-Kraay standard error POLED OLS regression,
findings reveal that improved macroeconomic management and foreign direct investment (FDI) significantly re-
duce ecological footprint, GHG emissions, and natural resource rents. This suggests that strengthening macroeco-
nomic frameworks through the Country Policy and Institutional Assessment (CPIA) and attracting sustainable FDI
can promote environmental sustainability and long-term resource conservation, supporting SDG 8 (Decent Work
and Economic Growth) and SDG 9 (Industry, Innovation, and Infrastructure). Furthermore, individual internet
usage negatively and significantly correlates with natural resource depletion and GHG emissions, indicating that
digital expansion could contribute to sustainable environmental outcomes, in line with SDG 9. Additionally, GDP
growth and investment are found to reduce natural resource depletion and GHG emissions while increasing natural
resource rents, emphasizing the importance of policies that align economic growth with sustainability goals (SDG
8 & SDG 9). However, population growth exacerbates natural resource depletion and GHG emissions, highlighting
demographic pressures as a critical sustainability challenge relevant to SDG 13 (Climate Action) and SDG 15
(Life on Land). Overall, our findings provide valuable insights for policymakers, emphasizing the need for inte-
grated economic, technological, and environmental strategies to achieve sustainable development, particularly in
addressing climate change (SDG 13), promoting responsible resource management (SDG 15), and ensuring af-
fordable, sustainable energy solutions (SDG 7 — Affordable and Clean Energy).

Key words: ecological footprint, GHG emissions, natural resource rents, macroeconomic management, foreign
direct investment, internet usage, GDP growth, sustainable development
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Streszczenie

W niniejszym artykule zbadano kluczowe czynniki zrbwnowazonego rozwoju srodowiskowego w 43 krajach azja-
tyckich w latach 1990-2023, podkreslajac ich implikacje dla zrownowazonego rozwoju, w szczegolnosci w zgo-
dzie z Celami Zréwnowazonego Rozwoju Organizacji Narodow Zjednoczonych (SDGs 7, 8, 9, 13 i 15). Korzy-
stajac z uogolnionej metody momentéw (GMM) z kontrolami solidno$ci za pomoca modelu efektéw statych i
regresji standardowego btedu Driscolla-Kraaya POLED OLS, wyniki pokazuja, ze ulepszone zarzadzanie makro-
ekonomiczne i bezposrednie inwestycje zagraniczne (BIZ) znacznie zmniejszaja $lad ekologiczny, emisje gazow
cieplarnianych i renty zasobdéw naturalnych. Sugeruje to, ze wzmocnienie ram makroekonomicznych poprzez
oceng polityki krajowej i instytucjonalnej (CPIA) oraz przyciaganie zrownowazonych BIZ moze promowac zrow-
nowazony rozwo6j srodowiskowy i dlugoterminowsg ochrong zasobow, wspierajac SDG 8 (Godna praca i wzrost
gospodarczy) i SDG 9 (Przemyst, innowacje i infrastruktura). Ponadto indywidualne korzystanie z Internetu ne-
gatywnie 1 znaczaco koreluje z wyczerpywaniem si¢ zasobow naturalnych i emisjami gazow cieplarnianych, co
wskazuje, ze ekspansja cyfrowa moze przyczynic si¢ do zrownowazonych wynikow srodowiskowych, zgodnie z
SDG 9. Stwierdzono tez, ze wzrost PKB i inwestycje zmniejszaja wyczerpywanie si¢ zasobow naturalnych i emisje
gazow cieplarnianych, a jednoczesnie zwigkszaja renty zasoboéw naturalnych, podkreslajac znaczenie polityk,
ktére dostosowuja wzrost gospodarczy do celdw zrownowazonego rozwoju (SDG 8 i SDG 9). Jednak wzrost po-
pulacji nasila wyczerpywanie si¢ zasobow naturalnych i emisje gazow cieplarnianych, podkreslajac presje demo-
graficzng jako krytyczne wyzwanie dla zréwnowazonego rozwoju istotne dla SDG 13 (Dziatania na rzecz klimatu)
i SDG 15 (Zycie na ladzie). Ogdlnie rzecz biorac, nasze ustalenia dostarczajg cennych spostrzezen decydentom,
podkreslajac potrzebe zintegrowanych strategii ekonomicznych, technologicznych i sSrodowiskowych w celu osig-
gnigcia zrOwnowazonego rozwoju, w szczegolnosci w zakresie przeciwdziatania zmianie klimatu (SDG 13), pro-
mowania odpowiedzialnego zarzadzania zasobami (SDG 15) i zapewniania niedrogich, zrownowazonych rozwia-
zan energetycznych (SDG 7 — Przystgpna cenowo i czysta energia).

Stowa kluczowe: $lad ekologiczny, emisje gazéw cieplarnianych, renty zasobow naturalnych, zarzadzanie ma-
kroekonomiczne, bezposrednie inwestycje zagraniczne, korzystanie z Internetu, wzrost PKB, zrownowazony roz-
woj

1. Introduction

In the face of rising global environmental challenges, understanding the factors that influence ecological sustain-
ability, carbon emissions, and natural resource utilization has become increasingly crucial. This study focuses on
investigating these determinants within the context of Asian countries, a region that encompasses a diverse array
of economies, cultures, and ecosystems. As home to approximately 60% of the world's population and some of the
fastest-growing economies globally, Asia plays a pivotal role in shaping the trajectory of global environmental
health and resource management (Mohamed et al., 2024; United Nations, 2023).

The concepts of ecological footprint, carbon footprint, and natural resource management are central to this inves-
tigation. The ecological footprint, first introduced by Wackernagel and Rees (1996), measures human demand on
nature, representing the amount of biologically productive land and sea area necessary to supply the resources a
human population consumes and to assimilate associated waste. Carbon footprint, a subset of the ecological foot-
print, specifically quantifies the total greenhouse gas emissions caused directly and indirectly by an individual,
organization, event, or product (Adeleye et al., 2021; Osabohien et al., 2024; Osabohien et al., 2024; Wiedmann
& Minx, 2008). Natural resource management, meanwhile, encompasses the sustainable utilization of major nat-
ural resources such as land, water, air, minerals, forests, fisheries, and wild flora and fauna (OECD, 2011).

Asia's rapid economic growth and urbanization over the past few decades have led to significant increases in
energy consumption, carbon emissions, and pressure on natural resources. According to the Asian Development
Bank (2021), the region's share of global carbon dioxide emissions increased from 25% in 1990 to 47% in 2019.
This dramatic rise underscores the urgency of understanding the underlying factors driving these trends and iden-
tifying potential pathways towards more sustainable development.

The determinants of ecological and carbon footprints, as well as natural resource use, are complex and multifac-
eted. They span economic, social, technological, and policy domains. Previous studies have identified several key
factors influencing these environmental indicators such economic Growth - the relationship between economic
development and environmental degradation has been extensively studied, often through the lens of the Environ-
mental Kuznets Curve (EKC) hypothesis. This theory suggests that environmental degradation initially increases
with economic growth but eventually decreases as economies reach higher levels of development (Grossman &
Krueger, 1995). However, empirical evidence for the EKC has been mixed, particularly in the context of develop-
ing countries (Mohamed et al., 2024; Stern, 2004).

Other indicator examined in previous studies include population dynamics - Population growth and urbanization
are significant drivers of resource consumption and environmental pressure. In Asia, rapid urbanization has led to
increased energy demand, land-use changes, and waste generation (Poumanyvong & Kaneko, 2010). Furthermore,
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Advancements in technology can have both positive and negative impacts on environmental indicators. While
some technologies improve energy efficiency and reduce emissions, others may lead to increased resource extrac-
tion and consumption (York et al., 2003). Trade and Globalization play a major role, because, international trade
can affect a country's ecological and carbon footprints through various mechanisms, including the pollution haven
hypothesis and the displacement of environmental impacts through global supply chains (Peters et al., 2011).

The effectiveness of environmental policies and regulations is closely tied to the quality of institutions and gov-
ernance structures. Corruption, weak enforcement, and lack of transparency can undermine efforts to manage nat-
ural resources sustainably and reduce environmental impacts (Lau et al., 2014). In the Asian context, these deter-
minants interact in unique ways, shaped by the region's diverse economic landscapes, governance structures, and
cultural traditions. For instance, China's rapid industrialization and urbanization have led to substantial increases
in energy consumption and carbon emissions, while also driving technological innovations in renewable energy
(Liu et al., 2019). India, on the other hand, faces the challenge of balancing economic development with environ-
mental sustainability, particularly in the context of its large and growing population (Ghosh, 2019).

Southeast Asian countries like Indonesia and Malaysia grapple with issues of deforestation and land-use change,
which significantly impact their ecological footprints and biodiversity (Austin et al., 2019). Meanwhile, highly
developed economies such as Japan and South Korea have made strides in energy efficiency and circular economy
practices, offering potential models for sustainable development in the region (Sang-Hyup, 2020).

The diversity of experiences across Asian countries provides a rich ground for comparative analysis and offers
valuable insights into the complex interplay of factors shaping ecological and carbon footprints, as well as natural
resource management practices. Despite a growing body of literature on environmental sustainability in Asia,
several gaps remain in our understanding of the determinants of ecological and carbon footprints, as well as natural
resource use in the region. First, while numerous studies have examined these issues at the national level, there is
a need for more comprehensive analyses that account for the heterogeneity across Asian countries and subregions.
Second, the dynamic nature of these determinants, particularly in the context of rapidly changing economies and
technologies, calls for updated and longitudinal studies.

The structure of this paper is as follows: Following this introduction, Section two provides a detailed literature
review, examining existing research on the determinants of ecological and carbon footprints, as well as natural
resource use, with a focus on studies conducted in Asian contexts. Section three outlines the theoretical framework
and methodology employed in this study. Section four presents the empirical results and analysis. Section five
discusses the implications of the findings for policy and practice and concludes the paper, summarizing key in-
sights and suggesting directions for future research.

2. Literature Review

This literature review examines a collection of studies focusing on the interplay between economic development,
environmental sustainability, and climate change. The selected works span a range of topics, including the Envi-
ronmental Kuznets Curve (EKC) hypothesis, drivers of energy consumption and carbon emissions, deforestation,
urbanization impacts, and policy responses to environmental challenges. By analysing these diverse sources, we
aim to provide a comprehensive understanding of the current state of research in environmental economics and
sustainability.

The Environmental Kuznets Curve (EKC) hypothesis, which posits an inverted U-shaped relationship between
economic development and environmental degradation, is a central theme in several of the reviewed studies.
Grossman and Krueger (1995) provide one of the seminal works on the EKC. Their study examines the relationship
between per capita income and various environmental indicators, finding evidence for the EKC in some pollutants.
They suggest that as countries develop, they initially experience increased environmental degradation, but beyond
a certain income threshold, environmental quality begins to improve. However, Stern (2004) challenges the uni-
versal applicability of the EKC. His critical review argues that the EKC hypothesis may not hold for all environ-
mental indicators, particularly for more aggregate measures of environmental impact. Stern emphasizes the im-
portance of considering factors such as international trade, which can lead to the displacement of pollution from
developed to developing countries. Recent studies enhance understanding of environmental sustainability drivers.
Xu et al. (2025) highlight green finance’s role in inclusive growth, while Li and Li (2023) show Al reduces 5G
emissions. Shang and Luo (2021) support decoupling strategies, Sohel et al. (2023) emphasize reforestation, and
Wu et al. (2025) contribute forecasting insights.

Lau et al. (2014) investigate the EKC hypothesis in the context of Malaysia, incorporating the roles of foreign
direct investment (FDI) and trade. Their findings support the existence of an EKC for carbon emissions in Malay-
sia, with FDI and trade playing significant roles in shaping this relationship. This study highlights the importance
of considering country-specific factors and international economic interactions when examining the EKC.
Several studies in this review focus on identifying and analyzing the drivers of energy consumption and carbon
emissions across different countries and regions. Ghosh (2019) examines the drivers of energy consumption in
India, with a particular focus on carbon emissions and urbanization. The study employs empirical methods to
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investigate the relationships between these factors, finding that urbanization and economic growth significantly
influence energy consumption and carbon emissions in India. This research underscores the complex interplay
between development, urbanization, and environmental impacts in rapidly growing economies.

Zhang and Cheng (2009) analyze the relationships between economic growth, energy consumption, and carbon
emissions in China. Their study employs advanced econometric techniques to establish causal links between these
variables, providing insights into the dynamics of China's energy-intensive economic growth and its environmental
consequences. Liu et al. (2015) offer a revised estimate of carbon emissions from fossil fuel combustion and ce-
ment production in China. Their work highlights the challenges in accurately measuring and reporting carbon
emissions, especially in rapidly industrializing countries. The study's findings have significant implications for
global carbon accounting and climate change mitigation efforts.

Peters et al. (2011) investigate the growth in emission transfers via international trade from 1990 to 2008. Their
research reveals the importance of considering consumption-based emissions accounting, as opposed to produc-
tion-based measures. This study demonstrates how international trade can lead to the displacement of emissions
from developed to developing countries, complicating efforts to reduce global carbon emissions. The relationship
between urbanization and environmental impact is another key theme explored in several of the reviewed studies.
Poumanyvong and Kaneko (2010) conduct a cross-country analysis to examine whether urbanization leads to less
energy use and lower CO, emissions. Their findings challenge the notion that urbanization necessarily results in
improved environmental outcomes. The study suggests that the impact of urbanization on energy use and emis-
sions varies across different levels of development, highlighting the need for nuanced policy approaches. Austin
et al. (2019) focus on the drivers of deforestation in Indonesia, a country experiencing rapid urbanization and
economic development. Their research identifies key factors contributing to forest loss, including agricultural ex-
pansion and infrastructure development. This study emphasizes the importance of considering local and regional
factors when examining the environmental impacts of development.

Several of the reviewed works discuss policy responses to environmental challenges and strategies for promoting
sustainable or green growth. The OECD (2011) report Towards Green Growth provides a comprehensive frame-
work for integrating economic and environmental policies. The report argues for the need to transition to a more
sustainable economic model that promotes growth while preserving natural capital. It offers policy recommenda-
tions across various sectors, emphasizing the potential for green innovation to drive economic development. The
Asian Development Bank (2021) report focuses on financing a green and inclusive recovery in the wake of the
COVID-19 pandemic. This study highlights the opportunities and challenges in aligning economic recovery efforts
with environmental sustainability goals in the Asian context. It emphasizes the role of green finance and sustain-
able infrastructure in promoting resilient economic growth.

Sang-Hyup (2020) examines South Korea's Green New Deal, providing insights into how a developed Asian econ-
omy is approaching the transition to a more sustainable economic model. The study discusses the policy measures
and investments planned under this initiative, offering lessons for other countries considering similar green growth
strategies. The reviewed studies employ a variety of methodological approaches and analytical tools to examine
environmental and economic relationships. York et al. (2003) introduce and discuss analytical tools such as STIR-
PAT (Stochastic Impacts by Regression on Population, Affluence, and Technology), IPAT (Impact = Population
x Affluence x Technology), and ImPACT for unpacking the driving forces of environmental impacts. These tools
provide frameworks for analysing the complex interactions between demographic, economic, and technological
factors in driving environmental change.

Wiedmann and Minx (2008) offer a detailed examination of the concept of carbon footprint, providing a clear
definition and discussing methodological approaches for its calculation. This work is crucial for understanding
and standardizing measures of environmental impact, particularly in the context of climate change mitigation ef-
forts. Wackernagel and Rees (1996) introduce the concept of the ecological footprint, which has become a widely
used measure of human impact on the environment. Their work provides a framework for assessing the sustaina-
bility of human activities by comparing resource consumption with the Earth's biological capacity to regenerate
those resources.

Some of the reviewed studies offer broader theoretical perspectives on environmental change and sustainability,
incorporating social and behavioural dimensions. Shove (2010) critiques dominant approaches to climate change
policy, arguing for the need to move beyond individualistic models of behaviour change (the ABC — Attitude,
Behaviour, Choice model). This work emphasizes the importance of considering social practices and systemic
factors in addressing environmental challenges, offering a more holistic perspective on sustainability transitions.
The United Nations (2023) World Population Prospects report provides crucial demographic data and projections
that have significant implications for environmental sustainability. While not focused exclusively on environmen-
tal issues, this report offers essential context for understanding the long-term challenges of sustainable develop-
ment in the face of global population growth and demographic shifts.

Mohamed et al. (2024) revisit the Environmental Kuznets Curve (EKC) hypothesis, which posits that environmen-
tal degradation initially increases with economic growth, but eventually decreases as countries develop and adopt
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cleaner technologies. The study focuses on the role of renewable energy in reducing carbon emissions and ecolog-
ical footprint in power generation. Their findings reveal that renewable energy consumption does contribute to
lower emissions and a smaller ecological footprint, but the impact is more significant in countries with higher
income levels and better institutional quality.

Degbedji et al. (2024) examine the role of institutional quality in promoting green economic growth within the
West African Economic and Monetary Union (WAEMU). The authors argue that strong institutions are necessary
for fostering an environment conducive to green growth, which integrates economic development with environ-
mental sustainability. Their analysis reveals that countries with higher institutional quality are better equipped to
implement green policies, attract investment in renewable energy, and ensure environmental protection. Osabohien
(2024) addresses the intersection of nutrition and Sustainable Development Goal (SDG) 15, which focuses on
preserving terrestrial ecosystems. The study discusses how unsustainable land use practices, including deforesta-
tion and over-farming, negatively impact food security and nutrition outcomes.

Sahan et al. (2025) conduct a systematic review of the literature on green human resource management (GHRM)
and its impact on energy-saving behaviour and environmental performance. The authors argue that GHRM prac-
tices — such as training employees in energy conservation techniques, promoting eco-friendly workplace behav-
iours, and incorporating sustainability into corporate culture — can significantly enhance environmental perfor-
mance. Their review finds that organizations that adopt GHRM practices not only reduce their ecological footprint
but also enjoy long-term economic benefits.

3. Methodology

The study is conducted within a framework aimed at testing the relationship between ecological footprint, GHG
emissions, natural resources, and CPIA macroeconomic management rating, Gross Fixed Capital Formation
(GFCF), Individuals using the Internet (TEC), Combustible Renewables and Waste (CRW), Trade Openness
(TOP), and Foreign Direct Investment (FDI) as indicated in the equations.

This study refers to the following Sustainable Development Goals (SDGs): 7 — Affordable and Clean Energy, 8 —
Decent Work and Economic Growth, 9 — Industry, Innovation and Infrastructure, 13 — Climate Action, 15 — Life
on Land.

3.1. Theoretical framework and model Specification
This study utilizes a reference framework to construct a theoretical model linking environmental sustainability to
its potential determinants and SDGs. The model evaluates the influence of macroeconomic management, technol-
ogy usage, renewable energy, investment, trade openness, and foreign direct investment on environmental sustain-
ability. This empirical study uses per capita ecological footprint, GHG emissions, and natural resource rents as
measures of environmental sustainability. The reference model is presented as follows:
DE; = ay P AT &y (1)
Where DE, represents environmental sustainability P indicates population, A signifies economic growth, and T
reflects technological advancement. The indices i and t represent countries and time periods, respectively. Equation
1 can be converted into a natural logarithmic form as follows:
InDE;; = aj + B1InPy + BInA; + B3InTy + &5 )
Using the current theoretical frameworks, we propose the following study model:

InQE;; = ay + 1InCPIA; + ByInGFCF; + B3InTEC;, + B4InCRW; + B5InTOP;, + S¢InGDP;, +
B7InPOPy + BgInFDI; + & 3)

3.2. Methods

3.2.1. The Generalized Method of Moments (GMM)

The analysis of the effects of macroeconomic management, renewable energy and waste, foreign direct investment,
technology, trade openness, population, GDP growth, and investment on environmental sustainability, which re-
lates to SDGs 7, 8, 9 and 15, presents several challenges. First, there is the problem of omitted variables and
unobservable factors. For example, GDP growth can simultaneously affect the ecological footprint, greenhouse
gas emissions (SDG 13), and natural resource rents. There may also be reverse causality, where environmental
sustainability can influence GDP growth, CPIA macroeconomic management, and foreign direct investment. To
address these issues, we use the Generalized Method of Moments (GMM) adapted for dynamic panel data. This
method is based on the work of Roodman (2009a), which is an extension of that by Arellano and Bover (1995).
Indeed, three main reasons motivate our choice of the GMM. First, GMM is suitable for assessing whether past
environmental quality is related to current environmental quality, thereby explaining the persistence of environ-
mental quality in Asian countries. Second, to address the issue of endogeneity, the GMM approach is well-suited.
Third, the number of observations exceeds the number of periods for each country. In this paper, there are thirty-
four periods (1990-2023) for 45 countries. Following the study by Asongu and Odhiambo (2020), we have chosen
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the two-step procedure of the GMM technique with robust standard errors to ensure and control for heteroscedas-
ticity issues. It is important to highlight that the system GMM approach has been used in several studies on growth
(Bhattacharya et al., 2016). For this purpose, we consider model (3) as a dynamic panel model.

InDE;; = ay + BolnDE;;_1 + BInCPIA;; + BoInGFCFE;; + B3InTEC;; + L4InCRW;; + B5InTOP;, +

ﬂﬁlnGDPit + ﬁ7lnP0Pit + ﬁglnFDlit + ni + ft + Eit (4)
Where DE; ;_; is the quality of environment of last year, &, is the time constant, 7; is the country-specific effect.

3.2.2. The fixed effects model (FEM)

Fixed effects models are used for controlling unobserved heterogeneity when heterogeneity is constant over time
and correlated with the independent variables (Greene, 2002; LaMotte, 1983). If there are omitted variables, and
the variables are correlated with the variables in the model, then fixed effects models may provide a means to
control for omitted variable bias. Fixed effects model is a primary default model for establishing causal relationship
with panel data (Imai & Kim, 2016). The FEM is represented as:

InDE;; = a; + 1InCPIA;; + B,InGFCF;, + 3InTEC;, + [4InCRW;, + B5InTOP;, + BsInGDP;, +

[)’7lnP0Pit + ﬁglnFDIit + Eit (5)
Where, a; =z a for all the observable effects.

3.2.3. POLED OLS Regression with Driscoll-Kraay Standard Errors

This model allows for robust estimates in contexts where errors may exhibit complex correlations across time and
observations. It adjusts standard errors to account for issues of autocorrelation and heteroscedasticity. The POLED
OLS Regression model with Driscoll-Kraay Standard Errors is presented as follows:

InDE;; = a + B1InCPIA;; + B,InGFCF; + S3InTEC;, + L4 InCRW;, + B5InTOP;, + B¢InGDP; + B,InPOP;, +
BgInFDI; + €5 (6)

4. Data, Result and Discussion

4.1. Summary Statistics and Correlation Analysis

Our study covers the period from 1990 to 2023 for Asian countries. Only countries with a complete dataset were
included in the study. The data used is sourced from the World Bank Development Indicators (WDI) (Table 1),
while the summary statistics of the variables is presented in table 2. The dependent variables are the ecological
footprint, GHG emissions, and natural resource rents, measured respectively by Adjusted Savings: Natural Re-
sources Depletion as a percentage of GNI; CO» emissions in kg per PPP $ of GDP, and Total Natural Resources
Rents as a percentage of GDP. Net foreign direct investment inflows, measured in US dollars, are drawn from the
WDI and supported by the studies of Kastratovi¢, R. (2023); Ofori and al., (2021), Sahoo and Dash (2022), and
Alnafissa et al. (2022). On average, the value of foreign direct investment is 105,364.7 (Table 2), with minimum
and maximum values of -8,860,851 and 3.88e+07, respectively (See table 2). The expected sign is positive, indi-
cating that foreign direct investment improves environmental quality.

The proxy for information and communication technology (ICT) is the number of individuals using the internet as
a percentage of the population, obtained from the WDI and supported by Ofori and al., (2021) and Oyelami et al.
(2022). The average value for ICT is 24.43, ranging from 0 to 100. It is assumed that internet users promote
environmental sustainability. Trade openness is captured by the ratio of exports plus imports divided by GDP,
sourced from the WDI. The variable is supported by Kastratovi¢, R. (2023); Ofori and al., (2021) and Alnafissa et
al. (2022), with an average value of 4.19e+11, while it ranges between 46.71 and 1.79e+13.

Table 1. Variables used and there measurement and sources, source: Authors’ computation

Variable I Description I Source

Dependent Variables (QFE)

NRD Adjusted savings: natural resources depletion (% of GNI World Development Indicators (WDI)
CFP CO:z emissions (kg per PPP $ of GDP)

NRR Total natural resources rents (% of GDP)

Independent Variables

FDI Foreign direct investment, net inflows (% of GDP) World Development Indicators (WDI)
CPIA CPIA macroeconomic management rating (1=low to 6=high) World Governance Indicators (WGI)
ICT Individuals using the Internet (% of population) World Development Indicators (WDI)
TOP Trade (% of GDP) World Development Indicators (WDI)
CRW Combustible renewables and waste (% of total energy) World Development Indicators (WDI)
GDP GDP (current US$) World Development Indicators (WDI)
POP Population, total World Development Indicators (WDI)
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Table 3. Correlation Analysis, Source: Authors’ computation
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cpiamm gfcf tech crw opnness gdpg2 popl
cpiamm 1.0000
gfcf 0.3159 1.0000
tech -0.0897 0.0664 1.0000
crw 0.0282 -0.1424 -0.0114 1.0000
opnness 0.1239 0.2251 0.2163 -0.1444 1.0000
gdpg?2 -0.1757 0.0360 0.5960 0.2091 0.1732 1.0000
popl 0.1669 0.2584 0.0503 -0.1732 0.8201 -0.0327 1.0000
FDI -0.0265 -0.0573 -0.0129 0.2723 -0.0105 -0.0372 -0.0151

The analysis of table 3 indicates the presence of either a positive or negative correlation among the explanatory
variables. For instance, variables such as gross fixed capital formation (investment), combustible renewables and
waste, trade openness, and total population are positively correlated with the CPIA macroeconomic management
rating. In contrast, ICT, GDP growth, and foreign direct investment are negatively correlated with the CPIA mac-
roeconomic management rating. Furthermore, GDP growth is negatively correlated with population growth and
foreign direct investment. Regarding ICT, it is negatively correlated with combustible renewables and waste as
well as foreign direct investment, while it is positively correlated with trade openness, GDP growth, and population
growth. These relationships confirm the need for a dynamic model that would consider potential issues of hetero-
scedasticity.

5. Discussion

Table 4 presents the results concerning the relationship between ecological footprint, greenhouse gas emissions,
natural resource rents, and the CPIA macroeconomic management rating, gross fixed capital formation (GFCF),
individuals using the internet (TEC), combustible renewables and waste (CRW), trade openness (TOP), and for-
eign direct investment (FDI). The persistence of natural resource depletion, measured by the lagged value of the
natural resource depletion coefficient, has a negative effect, implying that the overexploitation of natural resources
over a long period can have adverse consequences.

In contrast, the persistence of CO; emissions and total natural resource rents have positive and statistically signif-
icant effects, respectively, indicating a steady growth in CO; emissions and total natural resource rents in Asia.
Negative and significant correlations with the previous year's natural resource depletion can therefore be observed
everywhere except in West Asia and Southwest Asia. Thus, natural resource depletion from the previous year
suggests a strong economic base that can reduce natural resource depletion in the following year. However, posi-
tive and significant correlations with the previous year's CO» emissions are observed throughout West Asia. Fur-
thermore, no exceptions are noted regarding the positive correlation with natural resource rents.

These results illustrate the complexity of the interactions between the exploitation of natural resources, greenhouse
gas emissions, and natural resource rents, with dynamics that vary according to regions and economic contexts.
The analysis of Table 4 shows that strengthening the CPIA macroeconomic management reduces the depletion of
natural resources across Asia, except in East Asia. This means that in most Asian regions, sound macroeconomic
management leads to more sustainable use of natural resources. However, in East Asia, where industrialization is
advanced, the increased consumption of resources may outpace management efforts, leading to persistent overex-
ploitation. Furthermore, more effective CPIA macroeconomic management would reduce greenhouse gas emis-
sions in Central Asia and East Asia. These results suggest that in these regions, effective macroeconomic policies
have led to more sustainable practices, such as environmental regulations. These efforts may include investments
in renewable energy, thereby reducing reliance on fossil fuels. In contrast, the assessment of CPIA macroeconomic
management increases greenhouse gas emissions in South Asia. This situation indicates that despite potentially
positive macroeconomic management, factors such as high industrialization and dependence on fossil fuels prevail.
It may also reflect a lack of infrastructure for renewable energy and insufficient environmental regulation, resulting
in increased emissions.

The analysis of the results reveals that the assessment of CPIA macroeconomic management reduces natural re-
source rents across Asia, except in South Asia and West Asia. This indicates that in most regions of Asia, effective
macroeconomic management tends to decrease reliance on natural resource rents, encouraging economic diversi-
fication. However, in South Asia and West Asia, this dependency may persist, suggesting that these regions have
not yet fully integrated strategies for diversification or optimization of resource use. Sahan et al. (2024) highlight
this effect in a systematic review of the literature on green human resource management (GHRM) and its impact
on energy-saving behaviours and environmental performance. The authors argue that GHRM practices, such as
training employees in energy conservation techniques, promoting eco-friendly behaviours at work, and integrating
sustainability into corporate culture, can significantly enhance environmental performance. Their review reveals
that organizations adopting GHRM practices not only reduce their ecological footprint but also benefit from long-
term economic advantages. Degbedji et al. (2024), examining the role of governance in promoting green economic
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growth, argue that strong institutions are necessary to foster an environment conducive to green growth, which
integrates economic development and environmental sustainability.

The results from Table 4 show that individual internet usage reduces natural resource depletion across all Asian
countries. This finding may be related to improved efficiency of processes through digitalization, access to envi-
ronmental information, and the promotion of more sustainable practices via online platforms. For example, the
internet facilitates better management of natural resources, optimizes supply chains, and encourages more envi-
ronmentally friendly technological innovations. However, this effect is positive in Central Asia and East Asia. In
these regions, we can say that the internet may primarily be used to support economic activities that require more
natural resources, such as mining or industrial production.

In most regions of Asia, the effect of internet usage on greenhouse gas emissions is negative and significant, except
in East Asia. This can be explained by the fact that digitalization reduces the need for certain physical activities,
such as travel for meetings through video conferencing, or the dematerialization of some services, thereby reducing
energy consumption and greenhouse gas emissions. Additionally, the internet encourages innovation in green tech-
nologies and energy efficiency. If the result is different in East Asia, it may be due to the high energy demand
associated with internet usage, particularly in countries like China, where a significant portion of energy is still
produced from fossil fuels. Thus, even though the internet may reduce some emissions, the increase in energy use
offsets these benefits.

Regarding natural resource rents, we observe a positive effect of internet usage across all Asian countries, but a
negative effect in South Asia and Southeast Asia. The first aspect of this result could indicate that the internet
promotes more efficient exploitation of natural resources, thereby increasing revenues from these resources. For
instance, digital technologies can improve resource exploration or enable more profitable management of natural
resources. The second aspect notes that internet usage seems to have a negative effect on natural resource rents.
This could signal a faster economic transition to less resource-dependent sectors, such as digital services or tech-
nology industries. This transition could reduce reliance on extractive industries and lead to a decrease in revenues
from natural resource exploitation. These conclusions are similar to those obtained by Usman et al. (2024), who
indicated that ICT has a positive and significant effect on environmental sustainability. Furthermore, they demon-
strated that technological innovations have a positive and significant impact on sustainable development goals.
The results from Table 4 indicate that the use of combustible renewable energy and waste increases natural re-
source depletion across all Asian countries. Indeed, the use of combustible renewable energy and waste, such as
wood or agricultural residues, tends to deplete natural resources in all Asian countries. This may seem surprising,
as these sources are labelled renewable, but in fact, if they are used too intensively, they can deplete resources
such as forests or soils. In contrast, the use of renewable energy and waste reduces greenhouse gas emissions in
Central Asia and Southwest Asia while increasing greenhouse gas emissions in East Asia. In Central Asia and
Southwest Asia, renewable energies (like solar and wind) and waste are used more efficiently to replace polluting
energy sources like coal or oil. This leads to a decrease in GHG emissions, as these clean energies generate sig-
nificantly less CO, when producing electricity or heat.

These countries may have stricter policies promoting renewable energies or benefit from favourable natural con-
ditions (such as abundant sunlight or wind), facilitating the transition to cleaner energies. On the other hand, in
East Asia, although renewable energies are utilized, they may coexist with fossil fuels like coal, which is still
widely used for electricity production. The increase in GHG emissions could be explained by the fact that the
energy production infrastructure is not fully adapted for an efficient transition to renewable energies, resulting in
a mix of technologies that do not reduce emissions as effectively. Regarding natural resource rents, the use of
renewable energy and waste increases natural resource rents across all Asian countries, except in East Asia and
Southwest Asia.

The use of renewable energy and waste can create economic opportunities in Asia, particularly by increasing
revenues generated from natural resource exploitation. For example, converting waste into an energy source can
reduce waste management costs while creating a new source of income. Thus, the use of renewable energy and
waste contributes to the increase in natural resource rents in most Asian countries by creating economic opportu-
nities and promoting sustainability. However, in East Asia and Southwest Asia, factors such as reliance on fossil
fuels, insufficient infrastructure, and inefficient use limit these benefits. Mohamed et al. (2024) revisit the Envi-
ronmental Kuznets Curve (EKC) hypothesis, which posits that environmental degradation initially increases with
economic growth but eventually decreases as countries develop and adopt cleaner technologies. The study focuses
on the role of renewable energy in reducing carbon emissions and ecological footprints in electricity production.
Their findings reveal that the consumption of renewable energy contributes to reducing emissions and decreasing
the ecological footprint, but the impact is more significant in countries with higher income levels and better insti-
tutional quality.

Our analyses reveal that trade openness increases natural resource depletion, greenhouse gas emissions, and natural
resource rents across much of Asia. Indeed, trade openness can lead to intensified exploitation of natural resources
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to meet the increased demand for products in the international market. Countries that open up more to trade may
exploit their natural resources (such as minerals, oil, and forests) at a faster pace to satisfy this demand, contrib-
uting to their depletion.

Moreover, an increase in trade often comes with a rise in the transportation of goods, which requires fossil fuels,
thereby contributing to greenhouse gas emissions. Additionally, intensified industrial activities for the production
of goods for export can also lead to higher emissions, especially if the technologies employed are not environmen-
tally friendly. While trade openness may exacerbate resource depletion and greenhouse gas emissions, it can also
generate higher rents for natural resources. Countries that export natural resources can benefit from higher prices
in international markets, potentially increasing revenues from the exploitation of these resources. This can create
economic incentives for governments to intensify resource exploitation, even if it has negative consequences for
the environment. Peters et al. (2011), examining the growth of emissions transfers via international trade from
1990 to 2008, highlight the importance of accounting for emissions based on consumption rather than production.
This study shows how international trade can lead to the displacement of emissions from developed countries to
developing countries, complicating efforts to reduce global carbon emissions.

The results from Table 4 indicate that GDP growth increases natural resource depletion across all Asian countries.
However, this effect is negative for Central Asia and East Asia. Indeed, it is observed that GDP growth leads to
greater use of natural resources throughout Asia. This may be due to increased industrialization, infrastructure
expansion, and the exploitation of resources (such as minerals, oil, gas, or forests) to support economic growth.
Nevertheless, unlike the trend observed across the countries, GDP growth appears to reduce natural resource de-
pletion in the two mentioned regions. This could be explained by greater efficiency in resource use, stricter envi-
ronmental policies, or a shift towards industries that are less dependent on natural resources. In East Asia, South
Asia, and West Asia, GDP growth is associated with a significant reduction in greenhouse gas emissions. This
phenomenon can be attributed to efforts to improve energy efficiency, the adoption of cleaner technologies, or
policies encouraging companies to reduce their emissions.

We also observe that economic growth reduces natural resource rents, which are the revenues generated from the
exploitation of these resources. This may indicate that economies are diversifying their income sources as they
grow, becoming less dependent on natural resources for economic prosperity. However, in regions like South Asia
and Southwest Asia, GDP growth increases natural resource rents, which could suggest that the economies in these
areas remain heavily reliant on the exploitation of natural resources to support their growth. According to Zhang
and Cheng (2009), who analyze the relationships between economic growth, energy consumption, and carbon
emissions in China, they established causal links between the variables, providing insights into the dynamics of
China's energy-intensive economic growth and its environmental consequences. Liu et al. (2015) propose a revised
estimate of carbon emissions from fossil fuel combustion and production in China. Their work highlights the
challenges associated with accurately measuring and reporting carbon emissions, especially in rapidly industrial-
izing countries. The findings of this study have important implications for global carbon accounting and efforts to
combat climate change.

Public investment negatively impacts natural resource depletion across Asia, except for South Asia and West Asia,
where it is not significant. Indeed, in regions where public investment is effective, it can be directed towards
sustainable development projects, promoting more responsible and sustainable use of natural resources. This in-
cludes initiatives such as resource conservation, implementing environmental regulations, and supporting sustain-
able technologies. However, in South Asia and West Asia, the lack of a significant effect may indicate that invest-
ments are not optimized for sustainability or are misdirected, leading to ongoing and unsustainable resource ex-
ploitation. Furthermore, investment reduces greenhouse gas emissions throughout Asia, except in Central Asia.
This may suggest that investments are focused on less polluting infrastructures and technologies, such as renewa-
ble energy, public transport, and energy efficiency. However, in Central Asia, the lack of emission reduction could
be due to a strong dependence on fossil fuels and a lack of infrastructure for alternative energy sources, making it
difficult to transition to more sustainable practices. On the other hand, investment increases natural resource rents
in Asia, except in South Asia. This result could indicate that investments contribute to increased exploitation of
natural resources, which can boost short-term revenues for governments and businesses. However, in South Asia,
the absence of such an increase may be attributed to structural challenges or ineffective policies that do not allow
for fully capitalizing on available resources. It is also possible that South Asia faces limitations in infrastructure
or exploitation capacity, which hampers the generation of rents from natural resources.

The results from Table 4 indicate that population growth increases natural resource depletion in Asian countries,
except for Central Asia and West Asia, where the effect is negative. In areas where the effect is negative, this can
be explained by a higher demand for resources to meet the needs of the growing population, such as energy,
agricultural land, and raw materials. In regions where the opposite effect occurs—where population growth is
associated with an increase in natural resource depletion—this result could be attributed to several factors specific
to these areas, such as economies that are less dependent on intensive natural resource exploitation or more effi-
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cient technologies in resource consumption. In Central Asia and East Asia, demographic growth leads to an in-
crease in greenhouse gas emissions. This could be explained by increasing industrialization and urbanization in
these areas, which are often accompanied by higher fossil fuel consumption and polluting industrial activities.

In contrast, demographic growth reduces greenhouse gas emissions in West Asia. This could be related to the use
of cleaner technologies or stricter environmental policies, as well as an economy that is less focused on heavy
industries that emit CO,. We also observe that population growth increases natural resource rents in South Asia,
Southwest Asia, and West Asia, but reduces them in East Asia. In these regions, where population growth leads
to an increase in natural resource rents, this may be linked to increased exploitation of natural resources to meet
rising domestic demand. Natural resource rents refer to the revenues generated from the exploitation of resources
such as oil, gas, minerals, etc.

Conversely, population growth reduces natural resource rents in East Asia. This could be due to economic diver-
sification, moving away from dependence on natural resources to focus more on other sectors like technology or
services, thereby diminishing the importance of revenues derived from natural resource exploitation. This work
emphasizes the importance of considering social practices and systemic factors in addressing environmental chal-
lenges, proposing a more holistic perspective on transitions toward sustainability. The United Nations' World Pop-
ulation Prospects report (2023) provides crucial demographic data and projections that have significant implica-
tions for environmental sustainability. Although the report is not exclusively focused on environmental issues, it
offers essential context for understanding the long-term challenges of sustainable development in light of global
population growth and demographic changes.

The results from Table 3 indicate that foreign direct investment (FDI) reduces natural resource depletion, green-
house gas emissions, and natural resource rents. However, the effect is reversed in East Asia for natural resource
depletion; in East and South Asia for greenhouse gas emissions; and in Central Asia and then South Asia for
natural resource rents in most Asian countries. This can be explained by the fact that FDI generally introduces
more advanced and efficient technologies, promoting a more rational use of natural resources. Additionally, for-
eign companies may be subject to stricter environmental standards, leading to reduced greenhouse gas emissions
and more sustainable management of natural resources. These results are similar to those obtained by Dossou et
al. (2023).

Indeed, they demonstrated that foreign direct investment has a positive and significant effect on environmental
sustainability. It is noteworthy that the variation in results also reflects differences in environmental regulation
across regions in Asia. Countries with stricter regulations may better channel FDI into ecologically sustainable
sectors, while those with weaker regulations may suffer the negative effects of FDI in polluting sectors. Lau et al.
(2014) study the Environmental Kuznets Curve (EKC) hypothesis in the context of Malaysia, integrating the roles
of foreign direct investment (FDI) and trade. Their results support the existence of an EKC for carbon emissions
in Malaysia, with FDI and trade playing significant roles in this relationship.

6. Robustness Checks

The analysis of Tables 5 and 6 indicates that the results are similar to those presented in Table 3. These results
show that the macroeconomic management of the CPIA and foreign direct investments have a negative and sig-
nificant effect on ecological footprint, greenhouse gas emissions, and natural resource rents. Furthermore, the
results reveal that individual internet use is negatively and significantly associated with natural resource depletion
and greenhouse gas emissions, suggesting that a policy aimed at increasing the number of internet users could
reduce natural resource depletion and greenhouse gas emissions. Most importantly, population growth increases
natural resource depletion and greenhouse gas emissions in several Asian countries.

Conclusion

This study analyzes the determinants of ecological footprints, greenhouse gas (GHG) emissions, and natural re-
source rents for 43 Asian countries from 1990 to 2023, emphasizing their implications for sustainable development
in alignment with the United Nations Sustainable Development Goals (SDGs 7, 8, 9, 13, and 15). The study em-
ploys the Generalized Method of Moments (GMM) estimator, supported by the fixed effects model (FEM) and
pooled OLS regression with Driscoll-Kraay standard errors, to provide robust empirical insights.

The findings reveal that macroeconomic management (CPIA), GDP growth, foreign direct investment (FDI), tech-
nology adoption, renewable energy consumption, waste management, investment, population growth, and trade
openness significantly impact environmental sustainability, particularly in relation to natural resource depletion,
GHG emissions, and natural resource rents. These factors influence sustainable development by determining the
balance between economic expansion and environmental conservation.

An improvement in macroeconomic management (CPIA) reduces natural resource depletion, GHG emissions, and
natural resource rents, except in South Asia and West Asia. This suggests that effective governance, economic
diversification, and institutional transparency promote sustainable economic policies that reduce environmental
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degradation, aligning with SDG 8 (Decent Work and Economic Growth) and SDG 9 (Industry, Innovation, and
Infrastructure).

The results reveal that technology adoption and individual internet use are negatively associated with natural re-
source depletion and GHG emissions, suggesting that digital transformation and technological innovations con-
tribute to environmental sustainability. Expanding internet accessibility and promoting digital economies may re-
duce environmental degradation and enhance resource efficiency, in line with SDG 9 (Industry, Innovation, and
Infrastructure) and SDG 13 (Climate Action). However, in South Asia and Southeast Asia, increasing internet
usage is linked to lower natural resource rents, indicating a shift toward technology-driven industries and reduced
dependence on resource extraction.

The findings also indicate that foreign direct investment (FDI) significantly reduces natural resource depletion,
GHG emissions, and natural resource rents, suggesting that sustainable investment inflows introduce efficient
technologies and cleaner production processes. However, in East and South Asia, FDI increases GHG emissions,
possibly due to industrial expansion and energy-intensive production activities. These findings highlight the im-
portance of sustainable FDI policies that promote clean energy adoption, resource efficiency, and environmentally
friendly business practices, aligning with SDG 7 (Affordable and Clean Energy) and SDG 13 (Climate Action).
The results suggest that GDP growth increases natural resource depletion in most Asian economies, but in Central
and East Asia, economic growth is associated with lower resource depletion due to higher efficiency in resource
use, environmental policies, and the expansion of knowledge-based industries. In East Asia, South Asia, and West
Asia, GDP growth reduces GHG emissions, reflecting the transition toward energy efficiency, cleaner technolo-
gies, and carbon-reduction policies. Furthermore, GDP growth is linked to a decline in natural resource rents,
indicating economic diversification and reduced dependence on natural resources, which supports SDG 8 (Decent
Work and Economic Growth) and SDG 9 (Industry, Innovation, and Infrastructure).

Population growth contributes to higher natural resource depletion across Asia. In Central Asia and East Asia,
population expansion is linked to rising GHG emissions, whereas in West Asia, population growth is associated
with lower emissions, possibly due to energy efficiency measures. These results emphasize the need for sustainable
population management, resource conservation, and urban planning to mitigate the environmental consequences
of demographic expansion, in line with SDG 13 (Climate Action) and SDG 15 (Life on Land).

Based on these findings, several policy recommendations are proposed to enhance sustainable development in
Asia. Strengthening governance and macroeconomic management can foster renewable energy projects, economic
diversification, and environmental accountability. Expanding digital access and technological innovation can con-
tribute to resource efficiency and emission reductions, while sustainable FDI policies should integrate green in-
vestment frameworks to attract eco-friendly industrialization. Economic growth policies should promote low-car-
bon industries, ecological taxation, and renewable energy subsidies, ensuring a balance between economic expan-
sion and environmental protection. Moreover, sustainable urban planning and resource management are essential
to mitigate the environmental impact of population growth and ensure the long-term conservation of natural eco-
systems.

This study contributes to the literature by identifying the key determinants of ecological footprints, GHG emis-
sions, and natural resource rents, emphasizing their role in sustainable development. Given variations in govern-
ance and environmental policies across different continents, future research should extend this analysis to other
regions. Additionally, country-specific studies with time-series data could provide deeper insights into individual
policy effectiveness. Further research may also explore the moderating role of governance quality and FDI in
shaping environmental sustainability outcomes. This study provides empirical evidence that sustainable develop-
ment requires a multidimensional approach, integrating macroeconomic policies, digital transformation, green in-
vestment, economic diversification, and population management. By aligning economic strategies with SDG 7,
SDG 8, SDG 9, SDG 13, and SDG 15, policymakers can foster a resilient and sustainable future for Asia.
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