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Abstract: This study analyses macroeconomic trends in Southeast Asian countries and their implica-
tions for climate change, focusing on urbanisation, GDP per capita, energy intensity, FDI, inflation,
and trade. Using panel data from 1970 to 2020, we investigate climate change drivers across Indone-
sia, Malaysia, the Philippines, Singapore, and Thailand through panel ARDL with PMG and MG
analyses, along with Hausman tests. Our results highlight the need for tailored urbanisation policies
for sustainability, as the consistent positive correlation between GDPs per capita and emissions,
underscores the challenge of decoupling economic growth from emissions. Urbanisation’s varying
impact calls for proactive planning, and mixed FDI results suggest nuanced investment approaches
aligned with sustainability. Inflation’s negative impact hints at environmental benefits during price
increases, necessitating integrated economic and climate policies. The positive relationship between
trade openness and emissions emphasises the need for eco-conscious trade agreements to mitigate
emissions from industrial activity. Our study stresses the importance of considering macroeconomic
heterogeneity in crafting climate policies. Policymakers must adopt multifaceted approaches that
prioritise sustainability across economic growth, energy efficiency, technology adoption, and trade
to balance development with environmental preservation. This approach enables Southeast Asian
countries to contribute effectively to global climate change mitigation.

Keywords: climate change; macroeconomic factors; ASEAN; panel ARDL

1. Introduction

Over the past two decades, the issue of global warming, propelled by the emissions
of greenhouse gases (GHGs), has risen to the forefront of global consciousness, sparking
widespread concern, and prompting concerted action. In response to the urgent need to
mitigate climate change, a series of diverse climate agreements have been forged, under-
scoring the collective commitment of nations to combat this existential threat. Among
these landmark agreements stands the United Nations Framework Convention for Climate
Change (UNFCCC), an international treaty aimed at coordinating global efforts to confront
climate change. The adoption of the Kyoto Protocol within the framework of the UNFCCC
marked a pivotal moment in the international community’s response to climate change,
representing a significant leap forward in addressing the complex challenges posed by
global warming. By establishing targets to manage emissions and striving to stabilise GHG con-
centrations at scientifically acceptable levels, the protocol laid the groundwork for subsequent
agreements and initiatives aimed at combating climate change and fostering global sustainability.
Despite criticisms regarding its effectiveness and level of ambition, the Kyoto Protocol served as
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a crucial initial step, galvanising international action, and providing a foundation upon which
ongoing efforts have been built (Gerden 2018; Tran 2022).

Moreover, recognising the disparities in technological and financial resources between
developed and developing nations, the Kyoto Protocol mandates that developed countries
facilitate the transfer of technology and provide financial assistance to support the emission
reduction efforts of their less developed counterparts (Atici 2022). This provision aims to
ensure equitable participation and progress in addressing climate change across the global
community with three adaptable mechanisms; the Clean Development Mechanism (CDM),
Joint Implementation (JI), and Emissions Trading (ET) (Miti¢ et al. 2017). These mechanisms
offer countries a flexible framework to pursue emission reduction targets while promoting
international collaboration in the fight against climate change. By fostering partnerships
and sharing expertise and resources, these measures aim to enhance the effectiveness and
efficiency of global efforts to combat climate change, ultimately contributing to a more
sustainable future for all nations.

The Climate Change Performance Index (CCPI) 2015 serves as a comprehensive
evaluation tool, analysing and contrasting the efforts of 61 countries that collectively
account for over 90% of the world’s energy-related CO, emissions (Burck et al. 2014). This
index provides valuable insights into each nation’s commitment and their effectiveness in
addressing climate change. In alignment with the urgent need for climate action, the Paris
Agreement sets ambitious targets aimed at curbing the alarming rise in greenhouse gas
(GHG) emissions. It stipulates that by 2020, countries must begin reversing the upward
trajectory of emissions. Furthermore, by the year 2050, emissions should be slashed to half
of their 1990 levels and reduced to one-fifth of their 2010 levels. These stringent targets are
designed to limit global warming to less than 2 °C above pre-industrial levels, a critical
threshold for averting catastrophic climate impacts.

The potential ramifications of climate change on the environment, society, and econ-
omy are poised to be substantial, yet the precise magnitude of climate sensitivity and
the resultant shifts in global temperature across varying concentration pathways remain
uncertain (Parry et al. 2001). Development is frequently intertwined with climate change
and its repercussions, with developing nations often under scrutiny for their perceived
contributions to the issue.

On the other hand, the development of economic development in ASEAN from 1970
to 2020 has experienced various phases and significant transformations. In 1967, ASEAN
(Association of Southeast Asian Nations) was founded by its five member countries, namely
Indonesia, Malaysia, the Philippines, Singapore, and Thailand, with the aim of increasing
economic and political cooperation among these nations. During its early years, ASEAN’s
focus was on basic economic development and job creation. Regional development pro-
grams, such as the ASEAN Free Trade Area (AFTA) established in 1992, aimed to strengthen
economic integration among member countries by reducing trade and investment barriers
(Pastpipatkul et al. 2022). Over the following decades, ASEAN experienced significant
economic growth, driven by various factors including trade liberalisation, foreign direct
investment, and growth in the manufacturing sector. In the 21st century, ASEAN has
transformed into one of the largest and most dynamic economic regions globally. The
launch of the ASEAN Economic Community in 2015 aimed to increase economic integration
and connectivity among member countries (Mohd Nor et al. 2020). However, challenges
remain, including development gaps between member countries, economic inequality;,
and the negative impact of the global financial crisis. Additionally, climate change and
the COVID-19 pandemic have had a serious impact on economic growth in the ASEAN
region (Ahmad et al. 2022). Thus, while ASEAN has achieved significant achievements in
economic development from 1970 to 2020, new challenges and opportunities will continue
to influence the direction and scale of economic development in the future. However, the
number of emissions produced increases every year, with Indonesia at the top. Figure 1
illustrates the amount of carbon emissions in selected ASEAN countries from 1970 to 2020.



Economies 2024, 12, 200

3o0f21

800
600
400
200

e NJ0ONESIQ === Mglaysia e==Philippines

e SiNgapore e=====Thailand

Figure 1. Total carbon emissions from selected countries in ASEAN in 1970-2020.

Various efforts are being made collectively through ASEAN institutions, such as the
ASEAN State of Climate Change Report (ASEAN 2021), which maps the road to carbon
neutrality by 2050 (Pereira and Shaw 2022). In this report, we document the implementation
of practices aimed at addressing climate-smart and nature-based solutions (NbS), including
agroforestry, the protection of mangrove forests, and support for initiatives to reduce
emissions from deforestation and forest degradation (REDD+) certification.

The study’s extensive sampling period affords a comprehensive overview of these
nations” impact on climate change through their economic endeavours. By delving into
the economic activities of these countries over the decades, the study aims to shed light
on their evolving role in shaping climate dynamics and to identify potential avenues for
bolstering their contributions to global emission reduction efforts. The relationship be-
tween macroeconomics and climate change in ASEAN as depicted in Figure 2 involves
understanding how various macroeconomic factors influence the emission of greenhouse
gases and subsequently impact climate patterns. Urbanisation, the migration of people
from rural to urban areas, often driven by economic opportunities, can lead to increased
energy consumption, infrastructure development, and industrial activities, all of which
contribute to greenhouse gas emissions. Economic growth, as measured by Gross Domestic
Product (GDP) per capita, is typically associated with increased consumption, industrial
production, and energy use, leading to higher emissions. Energy intensity, indicating
inefficiency in energy use, correlates with higher emissions in countries with high energy
intensity. Foreign Direct Investment (FDI) can stimulate economic growth and industrial
development, but its environmental impact depends on the nature of the investments and
the stringency of environmental regulations. Inflation, influencing consumption patterns
and economic activities, may temporarily reduce emissions if higher prices lead to reduced
demand and production. Trade openness can increase industrial activity and transporta-
tion, potentially leading to higher emissions through the import and export of goods with
significant carbon footprints. Understanding these relationships is crucial for policymakers
in ASEAN to develop effective strategies for mitigating climate change while promot-
ing sustainable economic growth. By considering the interplay between macroeconomic
factors and climate change, policymakers can design policies that encourage green invest-
ments, promote energy efficiency, and reduce emissions without compromising economic
development goals.

This study employs five Southeast Asian nations—Indonesia, Malaysia, the Philip-
pines, Singapore, and Thailand—that have not only witnessed consistent and robust eco-
nomic growth but have also actively engaged in initiatives aimed at curbing global emis-
sions under the Kyoto Protocol. Therefore, the objective of this study is to examine a cohort
of developing countries in Southeast Asia possessing considerable economic potential and
a steadfast commitment to sustainable development and emission reduction in the context
of efforts to mitigate climate change. For this purpose, we employ an Autoregressive Dis-
tributed Lag panel, which is able to handle heterogeneity, identify long-term and short-term
relationships, and overcome integration and cointegration problems. Furthermore, this
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study extends the model by reducing the sample size of countries to test the stability and
fit of the model.

Energy

Foreign
Urbanization Direct
Investment
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Figure 2. Graphical representation of macroeconomic variables impacting climate change.

2. Literature Review

The literature exploring the relationship between macroeconomics and climate change
reveals a spectrum of research findings, indicating the absence of a universally accepted
benchmark for measuring the impact of economic activity on climate dynamics. Studies on
this subject have yielded varying degrees of success and have employed diverse method-
ologies to analyse the complex interplay between economic indicators and environmental
outcomes. For instance, Pao et al. (2011) utilised co-integration techniques and causality
tests to examine the dynamic correlations between pollutant emissions, energy utilisation,
and actual production in Russia spanning from 1990 to 2007. Their findings unveiled an
elastic relationship between emissions and energy usage, implying that higher energy
consumption is responsive to changes in emissions over the long run. However, Waheed
et al. (2019) reported that energy usage has a positive correlation with environmental
impact. Industrial processes, which heavily rely on energy consumption, contribute to
increased carbon emissions and pollution. The results showed that emissions were inelastic
with respect to output, suggesting that increases in production did not significantly impact
emissions levels. Additionally, the study advocated for investment in infrastructure to
enhance energy efficiency and the implementation of energy conservation measures as
effective strategies for mitigating emissions. These findings align with the conclusions
drawn by Saboori and Sulaiman (2013), and Sharma (2011).

Economic development in Southeast Asia is a complex tapestry interwoven with
ongoing environmental challenges. Amidst this dynamic landscape, rapid economic growth
has emerged as a double-edged sword, delivering both progress and peril to the region’s
socio-economic fabric. On one hand, this surge in economic activity has propelled social
advancement, fostering improvements in living standards, reductions in poverty rates,
and expanded access to vital services such as education and healthcare. However, it
has also cast a shadow of environmental concern, as burgeoning industries and urban
centres strain natural resources and contribute to ecological degradation. This complexity
is connected to green finance, which involves comprehensive support from the financial
services industry for sustainable growth, resulting from the harmony between economic,
social, and environmental interests. Bennink (2023) states that public participation is lacking
appropriate affordance, not only because of the lack of transparency regarding the exact
qualifications of green products and production processes.

Yet, amidst these challenges, there exists a glimmer of hope for sustainable develop-
ment. Research conducted by Apergis and Payne (2010), Fong et al. (2020), and Shahbaz
et al. (2013) sheds light on a compelling correlation between economic growth and envi-
ronmental conservation. Their findings suggest that increases in GDP, the quintessential
measure of economic activity, could potentially herald a decline in CO, emission levels,
presenting a pathway towards a more environmentally responsible future. This nuanced
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relationship underscores the intricate interplay between economic prosperity and environ-
mental stewardship in Southeast Asia. It underscores the imperative for policymakers,
businesses, and civil society to embrace holistic strategies that reconcile economic growth
with ecological preservation. By fostering innovation, promoting sustainable practices, and
forging collaborative partnerships, the region can chart a course towards a prosperous and
sustainable future for generations to come.

However, while rapid economic growth has undeniably propelled social and eco-
nomic progress, it has also ushered in a host of detrimental effects on the environment.
From widespread forest degradation to ecosystem damage, and from pervasive air and
water pollution to the looming spectre of climate change, the environmental toll of rapid
development is increasingly evident. Menyah and Wolde-Rufael (2010) elucidated a funda-
mental truth: economic growth and carbon emissions share a symbiotic relationship, each
influencing the other in a complex interplay. As economies surge forward, so too do carbon
emissions, as industries clamour to meet escalating demands for goods and services. This
assertion finds resonance in the research of Nasir et al. (2019) who corroborated that swift
economic expansion invariably correlates with environmental deterioration. Waheed et al.
(2019) further underscored the adverse environmental repercussions of rapid economic
growth. Their findings elucidate a stark reality: the relentless pursuit of economic pros-
perity often exacts a heavy toll on our planet’s fragile ecosystems, jeopardising the very
foundations of sustainable development.

In essence, while economic growth holds the promise of prosperity and progress, its
unchecked trajectory poses formidable challenges to environmental sustainability. As we
navigate the complexities of global development, it becomes imperative to strike a delicate
balance—one that fosters economic prosperity without compromising the integrity of our
planet’s natural ecosystems. Only through concerted efforts to reconcile economic imper-
atives with environmental stewardship can we chart a course toward a truly sustainable
future for generations to come. These divergent findings underscore the complexity of the
relationship between economic growth and environmental sustainability and highlight the
need for further research to elucidate the nuanced mechanisms at play.

Urbanisation is another factor that influences climate change through CO, emissions.
Recognised as a key catalyst for economic advancement in developing nations, it exerts a
dual influence on CO, emissions, with both positive and negative implications. Urbanisa-
tion, the process of increasing numbers of people migrating from rural to urban areas, often
leads to significant changes in land use, energy consumption patterns, and greenhouse
gas emissions.

One of the main impacts of urbanisation is the increase in greenhouse gas emissions,
particularly from the transportation, industrial, and residential sectors. The rise in the
number of motorised vehicles, the use of fossil energy, and industrial waste in cities can
result in large amounts of carbon dioxide (CO,), methane (CH4), and other gas emissions,
contributing to global warming and climate change. Studies by Cole and Neumayer
(2004), and Poumanyvong and Kaneko (2010) underscore the positive correlation between
urbanisation and CO, emissions. Their research reveals that as urbanisation progresses,
CO; emissions tend to rise, reflecting the heightened energy demands and consumption
patterns associated with urban living.

However, urbanisation can also present an opportunity to mitigate the impacts of
climate change if managed wisely. Sustainable urban development, including the utilisation
of renewable energy, implementation of efficient public transportation systems, and adop-
tion of environmentally friendly urban designs, can contribute to reducing greenhouse gas
emissions and enhancing cities’ resilience to the effects of climate change. Martinez-Zarzoso
and Maruotti (2011) introduce a nuanced perspective, identifying an inverted U-shaped
relationship between urbanisation and CO; emissions. Their findings suggest that while
urbanisation initially contributes to escalating emissions, reaching a certain threshold can
precipitate a decline in CO; emissions. This inflection point signifies that at higher levels of
urbanisation, factors such as improved infrastructure, technological advancements, and the
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implementation of environmentally conscious policies may mitigate emissions, ultimately
leading to a reduction in CO, output.

Together, these research findings underscore the intricate dynamics at play in the
relationship between urbanisation and CO, emissions. While urbanisation can indeed
exacerbate emissions due to increased energy consumption and industrial activities, it also
presents opportunities for implementing sustainable urban planning strategies that can
effectively curb emissions. As urbanisation continues to unfold in developing countries,
it is imperative to leverage these opportunities to foster environmentally sustainable
growth trajectories.

Furthermore, research examining the repercussions of climate change-related economic
activities presents conflicting conclusions Paul and Bhattacharya (2004) delved into the
factors influencing alterations in the levels of energy-related CO, emissions. Employing
the decomposition method, they scrutinised observed changes through four components:
the pollution coefficient, energy intensity, structural alterations, and economic activity,
focusing on India’s primary economic sectors from 1980 to 1996. Their findings revealed
that economic expansion exerted the most substantial positive influence on changes in CO,
emissions across all significant economic sectors. However, Saboori et al. (2022) conducted
a study using Saudi Arabian data, uncovering no definitive long-term relationship between
energy use and growth. These results underscore the complexity of the interactions between
economic growth, energy consumption, and CO, emissions, suggesting that contextual
factors and varying methodologies may yield divergent findings.

Foreign Direct Investment (FDI) has been a subject of considerable interest in the
context of climate change mitigation and sustainable development. Scholars have explored
how FDI inflows affect environmental outcomes, particularly in terms of greenhouse gas
emissions (Chen et al. 2023). Some studies suggest that FDI can lead to increased emissions
due to the establishment of energy-intensive industries and the adoption of polluting
technologies in host countries (Buksa et al. 2022; Philip et al. 2021; Soussane et al. 2023).
However, other research argues that FDI can contribute to emissions reduction through
the transfer of cleaner technologies, improved environmental management practices, and
investments in renewable energy projects (Chang et al. 2022). The relationship between FDI
and emissions is complex and depends on various factors such as the sectoral composition
of FDI, host country regulations, and technological advancements. Understanding the
environmental implications of FDI is essential for policymakers to attract sustainable
investments and promote low-carbon development pathways.

Inflation, as a macroeconomic phenomenon, has implications for climate change
through its influence on consumption patterns, production activities, and policy responses
(Goodwin et al. 2022; Li et al. 2023). While inflation can temporarily reduce emissions by
dampening economic activities and consumer demand, its long-term impact on climate
change is less clear (Andersson et al. 2020). Some studies suggest that higher inflation rates
may lead to reduced investment in carbon-intensive industries and encourage the adoption
of energy-efficient technologies (Bassi et al. 2009; Dissanayake et al. 2020; Napp et al. 2014).
However, inflation can also create uncertainties in the economy, leading to short-term
policy measures that prioritise economic stabilisation over environmental concerns (Bistline
et al. 2023; Konradt and Weder di Mauro 2023; Xu et al. 2023). The relationship between
inflation and climate change is nuanced and requires further exploration to understand its
implications for long-term sustainability.

Trade plays a significant role in shaping global emissions patterns and environmental
outcomes. The expansion of international trade has led to increased production, transporta-
tion, and consumption, all of which contribute to greenhouse gas emissions. Studies have
shown that trade openness is associated with higher emissions, particularly in countries
that specialise in carbon-intensive industries and rely on fossil fuel-based energy sources
(Balogh and Mizik 2023; Meng et al. 2023). Additionally, trade can lead to the phenomenon
of carbon leakage, where emissions are displaced from countries with stringent environ-
mental regulations to those with lax standards (Olasehinde-Williams and Akadiri 2024).



Economies 2024, 12, 200

7 of 21

However, trade also presents opportunities for emissions reduction through the adoption
of cleaner technologies, the dissemination of best practices, and the integration of envi-
ronmental clauses into trade agreements (Brandi et al. 2020; Honma 2015). Balancing the
economic benefits of trade with environmental considerations is a key challenge for policy-
makers seeking to address climate change effectively. Table 1 summarises various relevant
literature by providing information on the countries that are the focus of the research, the

methodologies used, and the research results.

Table 1. Summary of the relevant literature review.

Author Country Indicator Analysis/Model Result
Apergl(szg?(% Payne 20 OECD countries EU, CO Cointegration, ECM EU 2 CO
Bassi et al. (2009) Us CLP, EU The [I-CPM models CLP — EU
Chang et al. (2022) China FD]J, CO DID FDI — AP
Chen et al. (2023) China FDI, GR, PE, ML 2SLS, GMM FDI = GI, FDI = PE,
ML — GI
Dissanayake et al. . CEP — INF, CEP —
(2020) Indonesia CEP, INF, ECO The GTAP-E model ECO
Lietal. (2023) 26 Selected countries INF, TE, ECO Panel Threshold INF — TE, ECO — TE
Martinez-Zarzoso and 88 Developing
Maruotti (2011) countries CO, URB GMM URB = CO
Meng et al. (2023) Deve%oped and' TR, CO Decomposition analysis TR — CO
developing countries
Menyah and . .
Wolde-Rufael (2010) South Africa CO, ECO, EU Granger causality ECO — CO, EU — CO
Nasir et al. (2019) ASEAN CO, ECO, FD, FDI DOLS, FMOLS ECO > CO, D = €O,
FDI — CO
. s The Continuously
Cgizekﬁfggﬁggggs 20 European Union EP, CL Updated Fully EP — CL
Modified (CUP-FM)
Pao et al. (2011) Russia CO, ECO, EU Cointegration, Granger  py _, o, gy 5 CO
causality tests
Paul and Bhattacharya India CO, ECO Decomposition ECO —s CO
(2004) approach
. CO, ECO, FDIJ, EU, Time-varying FDI — CO, ECO — CO,
Philip etal. (2021) Turkey URB parameter approach EU — CO, URB — CO
Saboori and Sulaiman Southeast Asian . N
(2013) Nations countries CO, EU Granger causality EU=2CO
Saboori et al. (2022) Oman CO,EXP,EU,ENV  ARDL, FMOLS,DOLs °XF 2 CO/EU = CO;
ENV — CO
Shahbaz et al. (2013) Indonesia ECO, CO, FD VECM Granger ECO= CO, EU=CO,
causality FD=2CO
Soussane et al. (2023) 200 selected countries FDI, ECO, CO FMOLS FDI 2 ECO, ECO2CO
Xu et al. (2023) China INF, CO Threshold regression INF — CO

Notes: CO = climate change (carbon emissions), EU = energy use, GR = green innovation, PE = policy environment,
ML = marketisation level, AP = air pollution, TE = temperature change, ECO = economy development/growth,
URB = Urbanisation, EXP = export, FD = Financial development, ENV = environmental impact, EP = environmen-
tal policies, CLP = climate policy, CL = carbon le, EU = energy use, CEP = carbon emissions policy.

Finally, these conflicting outcomes underscore the intricacies of assessing the nexus
between economic activities and climate change impacts. While some studies highlight
the predominant role of economic growth in driving climate change, others indicate a
lack of clear long-term relationships between energy use and growth. Such divergent
findings underscore the need for comprehensive and context-specific analyses to elucidate
the complex dynamics at play and inform effective policy interventions aimed at mitigating
climate change impacts.
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3. Data and Model Specification
3.1. Data Sources

This research aims to examine macroeconomic variables that can influence climate
change in ASEAN countries. We chose five countries, namely Indonesia, Malaysia, the
Philippines, Singapore, and Thailand, because they are the founders of ASEAN, have
relatively stable economic growth, and provide relatively accessible data compared to
other countries. Additionally, ASEAN was historically founded in 1967 by these five
countries and later developed with the participation of surrounding nations. In this study,
we used data covering a relatively long period, from 1970 to 2022. These data span from
the early days of independence and development in Southeast Asia to the modern era.
The five countries were chosen because they have consistently available data within the
specified time period. Meanwhile, data for other ASEAN countries are not available due to
several reasons, including limited data resources and infrastructure, accessibility problems,
reporting delays, confidentiality policies, and lack of regional collaboration.

This study used several macroeconomic variables: CO, emissions as a proxy of climate
change variable (LNClimate), measured in kilotons, resulting from the burning of fossil
fuels and the production of cement; the gross domestic product per capita, calculated
as gross national income at constant 2015 US prices divided by population (LNGDP);
and urbanisation (LNUrban), capturing the phenomenon of rural-to-urban migration,
which often signifies economic development in developing countries. Urbanisation data is
presented as annual growth percentages in these countries. Energy intensity is measured
using primary energy before its conversion into other forms of fuel for end-use purposes.
It is calculated by adding indigenous production and imports, subtracting exports, and the
supply of fuel to ships and aircraft involved in international transportation, then divided
by GDP per capita. Foreign direct investment (FDI) is calculated as the percentage of total
capital entering a country divided by gross domestic product (LNFDI). Inflation is the
annual percentage change in the average consumer’s cost of purchasing a basket of goods
and services (LNIn flation). Trade is quantified by the proportion of exports and imports
relative to GDP (LN Trade).

Our data is sourced from the International Energy Agency (IEA) (IEA 2023), and World
Development Indicators (WDI) (World Bank 2021). To minimise the occurrence of data
abnormalities and heteroscedasticity, all data was transformed into natural logarithmic
form. Table 2 presents the descriptive statistics of the variables in this study.

Table 2. Descriptive statistics.

Variables Mean Median Maximum Minimum Std. Dev. Observations
LNClimate 4.422 4.252 6.511 2.680 0.947 265
LNGDP 8.357 8.113 11.074 6.511 1.129 265
LNUrban 1.307 1.450 2.315 0.373 0.477 265
LNEnergy 0.227 0.070 1.844 —0.896 0.592 265
LNFDI 4.486 2.298 32.028 —2.757 6.321 265
LNInflation 5.943 3.863 58.451 —1.842 7.285 265
LNTrade 4.603 4.465 6.080 3.356 0.762 265

3.2. Model Specifications

The methodology employed in this research is grounded in the STIRPAT (Stochastic
Impacts by Regression on Population, Affluence, and Technology) framework. The STIRPAT
method offers a systematic approach to examining the impacts of emissions as pollutants
and is widely used in environmental studies. In this study, urbanisation (LN Urban) is used
as a proxy for population dynamics, the influence variable is operationalised using gross
domestic product per capita (LNGDP), and energy use (LN Energy) serves as a proxy for
technological advancement and utilisation. Climate change impacts are assessed through
CO;, emissions (LNClimate) data. The model can be represented as follows:

Model 1: LNClimate = Bo; ; + p1LNGDP;; + B2 LNUrban,; + B3 LNEnergy;; + €y (1)
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and it allows for an in-depth analysis of how urbanisation, economic growth, and energy
consumption influence climate change in ASEAN countries.

Then we added several macroeconomic variables such as LNFDI, LN Trade (Essandoh
et al. 2020), and LN Inflation (Bilal et al. 2022) creating Model 2. The equation is as follows:

Model 2 : LNClimatei,t = IBOi,t + +B1LNGDP;; + B2 LNU?"bl/‘lVlt/i + B3 LNEnergy;; + B4LNFDI; 1+

BsLN Inflation; , + BeLNTrade;; + €; @

In this study, we also calculated Model 2a based on Equation (2) by excluding Sin-
gapore from the analysis sample. Our assumption rests on Singapore being the most
developed country with the highest GDP per capita and a relatively small area in the
Southeast Asia region (Raihan and Tuspekova 2022).

Before carrying out the ARDL panel analysis, we performed several preliminary
tests. First, we conducted cross-sectional dependence tests, including Breusch-Pagan LM,
Pesaran Scaled LM, and Pesaran CD. Second, we carried out panel unit root tests using
the Levin, Lin and Chu and Im, Pesaran, and Shin methods on all variables. In these tests,
all dependent variables must be stationary at the first difference level, while independent
variables can be stationary at level 1(0) or first difference I(1) (Pesaran 2007). Third, we
performed a Kao cointegration panel analysis to determine whether the model used is
cointegrated among the variables (Kao 1999).

Following these preliminary tests, we conducted autoregressive distributed lag (ARDL)
panel analysis to evaluate the long-run and short-run relationships between the variables.
Standard ARDL models with distinct impacts may produce biased estimators due to
potential correlations between the mean-difference of independent variables and the white
noise component. To address these concerns, we applied the mean group (MG) and pooled
mean group (PMG) ARDL methods (Sarkodie and Strezov 2018).

The MG estimator is based on country-specific regressions (i) in a time series and
calculates the average coefficient. As described by Pesaran et al. (1999), the MG estimator
allows for heterogeneity among individual variables in each cross-section and averages
the estimated parameters. Moreover, the data from cross-sections can be grouped to
accommodate different intercepts (Asafu-Adjaye et al. 2016).

The PMG technique combines averaging and pooled coefficients, providing different
intercepts, error variances, and short-run coefficients across groups. However, the PMG
estimator constrains long-run coefficients to be identical across groups (Pesaran et al.
1999). The PMG estimator has several advantages: first, it can analyse data whether it
is I(0) or I(1) (as in the present study). Second, it can exclude short-run causality even
without cointegration in the model. Third, if the variables are in logarithmic form, long-run
coefficients represent elasticity.

The Hausman test is used to determine the ideal model between the MG and PMG
estimators. The null hypothesis for the Hausman test is that the PMG estimator is preferred,
assuming both PMG and MG are consistent, but MG is inefficient. Conversely, the alterna-
tive hypothesis is that PMG is inconsistent. If the p-value of the Hausman test is greater
than 5%, the PMG estimator is chosen; if the p-value is less than 5%, the MG estimator is
used, or vice versa.

The Autoregressive Distributed Lag (ARDL) symmetry method to examine the rela-
tionship between macroeconomics and climate change over short and long run. The panel
ARDL can assess co-integration in a single equation model (Pesaran et al. 2004). Therefore,
we converted Equation (2) into an ARDL panel format (p, 41, 92, 93, 44, g5, qs) as follows:

ALNClimate;; = Bo; + p1;LNClimate; ;1 + P2 LNGDP; ;1 + B3;LNUrban;; 1 + Py LNEnergy;, 1+
B5iLNFDI;; 1 + Bs;LNInlflation;, |+ B7;LNTrade;; 1 + Zle w*;iALNClimate; s+
T OEALNFDI;, i+ ®)

1 2 3
Y1 ;A LNGDP, j+ Y2 i ALNUrban, j+ ¥ af ALNEnergy;, ;+ L1, o

5 . 6
Y2 AALNInflation,, ;+ Y7o o5 ALNTrade;;j+e;
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where A represents the first difference form of variables, ¢ denotes yearly periods, and i
denotes countries. By, is the fixed effects coefficient and By;, Bai, Bai, By Psir Pei, By; are
scalars and lagged coefficients of the independent variables. ¢; ; represents the error terms
as white noise and varies among countries and over time.

4. Empirical Results

The utilisation of panel data allows for a comprehensive assessment of the dynamics
shaping climate change within the context of diverse macroeconomic conditions across
these Southeast Asian nations. By employing unit root panel tests, we ascertain the sta-
tionarity properties of the variables under consideration, laying the foundation for robust
statistical analysis. Through this rigorous methodological framework, our study aims
to contribute to the understanding of the complex interactions between macroeconomic
dynamics and energy-related climate change in Southeast Asia, providing valuable in-
sights for policymakers and stakeholders striving to promote sustainable development and
mitigate the impacts of climate change in the region.

Before conducting the ARDL panel analysis, we performed cross-sectional depen-
dence (CSD) tests, panel unit root tests, and cointegration tests. We used three types of
cross-sectional correlation tests: Breusch-Pagan LM, Pesaran Scaled LM, and Pesaran CD,
as shown in Table 3. The null hypothesis for these tests is that there is no cross-sectional
correlation (Pesaran et al. 2004). Table 3 indicates that the variables LNClimate, LNGDP,
LNUrban, LNEnergy, LNFDI, LNInflation, and LN Trade significantly reject the null hy-
pothesis, meaning that all variables do not exhibit cross-sectional correlation. Thus, we
conclude that the diagnostic CSD test confirms the stability of the model used, and the
possibility of spurious regression is eliminated. Next, we performed panel unit root tests
using Levin, Lin, and Chu (LLC) and Im, Pesaran, and Shin (IPS) methods in Table 4. The
LLC estimation results show that the variables LNUrban and LNFDI are not stationary at
I(0). However, the variables LNClimate, LNGDP, LNEnergy, LNInflation, and LN Trade
are stationary at I(0). We then carried out a first difference level unit root test, which showed
that all variables are stationary and do not contain a unit root. The IPS unit root test at level
1(0) indicates that only LNFDI and LNIn flation are stationary. Different results at the first
difference level show that all variables are stationary. The results of the panel unit root tests,
as shown in Table 4, meet the requirements for further analysis. Overall, these panel unit
root tests provide valuable insights into the stationarity properties of the variables under
examination, facilitating robust statistical analysis and interpretation of the relationships
between macroeconomic factors and energy-induced climate in Southeast Asia.

Table 3. Cross-sectional dependence tests results.

Variables CD Tests
Breusch-Pagan LM Pesaran Scaled LM Pesaran CD

LNClimate 423.05 *** 91.24 *** 20.44 ***
LNGDP 126.21 *** 24.86 *** 9.18 ***
LNUrban 456.72 *** 98.77 *** 21.28 ***
LNEnergy 189.53 *** 39.98 *** 0.19 ***
LNFDI 40.42 *** 5.68 *** 2.52 ***
LNInflation 211.54 *** 43.94 *** 13.88 ***
LNTrade 153.86 *** 31.05 *** 11.62 ***

Note: *** sign indicates a significance level of 1%.

The next analysis is the Kao panel cointegration test using trend and intercept. The
null hypothesis for this test is the absence of cointegration in the model. Table 5 shows that
there is cointegration between LNClimate and LNUrban, LNGDP, LNEnergy, LNFDI,
LNInflation, and LNTrade. This test rejects the null hypothesis and accepts the alternative
hypothesis, indicating that there is cointegration between these variables. With this confir-
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mation of cointegration, we are confident in proceeding with the ARDL panel analysis to
estimate both long-run and short-run relationships.

Table 4. Panel unit root tests.

Variables Level First Different
Levin, Lin & Chu t *
LNClimate —3.337 *** —7.189 ***
LNGDP 1.539 —9.359 ***
LNUrban —3.524 *** —6.452 ***
LNEnergy —1.507 * —5.059 ***
LNFDI —1.208 —12.210 ***
LNInflation —8.687 *** —17.836 ***
LNTrade —1.049 *** —4.401 ***
Im, Pesaran and Shin
LNClimate —0.882 —9.464 ***
LNGDP 1.130 —8.666 ***
LNUrban —0.165 —7.448 ***
LNEnergy —0.215 —7.226 ***
LNFDI —1.995 ** —13.53 ***
LNInflation —7.050 *** —16.72 ***
LNTrade —0.877 —8.812 ***

Notes: ***, **, and * indicate significance levels of 1%, 5%, and 10%, respectively.

Table 5. Kao cointegration tests (panel).

t-Statistic Probability
ADF —3.039 0.0012
Residual variance 0.009 —6.452 ***
HAC variance 0.004 —5.059 ***

Note: *** sign indicates significance levels of 1%.

This study investigates the interplay between macroeconomic variables and energy
utilisation to climate change across five key economies in Southeast Asia: Indonesia,
Malaysia, the Philippines, Singapore, and Thailand. We aim to understand how urbani-
sation, economic growth, energy intensity, foreign direct investment, inflation, and trade
impact climate change in these countries. The analysis spans from 1970 to 2022, provid-
ing a comprehensive view of the factors influencing climate change in the region over
an extensive period. By employing ARDL panel analysis, we seek to elucidate the dy-
namic relationships between these variables, thereby offering insights that can inform
policy and strategic decisions aimed at mitigating environmental impacts while fostering
economic development.

Table 6 presents the results of the macroeconomic and climate change nexus in the
ARDL panel, segmented into PMG and MG analyses. In this analysis, we divided the study
into three models. Model 1 is based on Equation (1), Model 2 is based on Equation (2),
and Model 2a is also based on Equation (2) but with the exclusion of Singapore from the
sample. This segmentation allows us to observe the impacts of macroeconomic variables
on climate change both inclusively and exclusively of Singapore, providing a nuanced
understanding of how these relationships vary with and without the most developed
country in Southeast Asia.
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Table 6. Panel ARDL results.
Variables Model 1 Model 2 Model 2a
PMG MG PMG MG PMG MG
NU 0.375 —0.075 ~0.113 —0.283 ~0.187 ~0.382
roan (0.192) * (0.207) ** (0.100) * (0.101) *** (0.089) ** (0.024) ***
LNCDP 0.483 1122 0.780 0.923 0.839 0.967
(0.132) *** (0.199) *** (0.085) (0.165) *** (0.136) *** (0.205) ***
0.400 0.370 0.721 0.092 —0.273 0.001
0.483(0.132) (0.405) (0.085) *** (0.185) (0.107) * (0.239) 0.072) *
~0.026 0.021 0.045 0.033
LNFDI (0.007) (0.019) (0.032) (0.020)
. ~0.005 ~0.016 —0.025 —0.021
LNInflation (0.006) (0.006) *** (0.008) *** (0.005) ***
0.001 0.005 0.005 0.007
LNTrade (0.001) (0.002) ** (0.002) ** (0.002) ***
ser —0.134 ~0.289 ~0.198 —0.402 —0.085 0300
(0.118) (0.107) **+ (0.149) (0.125) **+ (0.014) **+ (0.094) **+
ALNUP ~0.103 ~0.103 —0.056 ~0.0393 —0.080 ~0.001
roan (0.077) (0.087) (0.040) (0.045) (0.056) (0.031)
0.949 0.821 0.775 0.580 0914 0.784
ALNGDP (0.276) *** (0.211) *** (0.338) ** (0.270) ** (0.113) *** (0.228) ***
ALNEner 0.584 0.556 0.454 0.471 0.445 0.435
3y (0.141) *** (0.166) *** (0.133) *** (0.158) *** (0.167) *** (0.199) **
0.001 —0.002 —0.004 —0.007
ALNEDI (0.003) (0.005) (0.002) (0.003) **
. 0.001 0.003 0.001 0.003
ALNInflation (0.001) (0.001) ** (0.001) (0.001) ***
~0.001 —0.001 ~0.001 —0.001
ALNTrade (0.001) (0.001) (0.001) (0.001)
Constant 0276 (0.295) **  —1.158 (0.546)**  —0.859 (0.802)*  —1.766 (0.726)*  —0.174 (0.048) **  —1.262 (0.676) *
Obs 260 260 260 260 260 260
ModelSelection MG MG MG
Chisq = 13.85 Chisq = 59.77 Chisq = 5.86
Hausman

Prob > Chisq = 0.0031

Prob > Chisq = 0.0000 Prob > Chisq = 0.4394

Notes: Parentheses indicate standard error values. ***, **, and * indicate significance levels of 1%, 5%, and 10%,
respectively.

Model 1 investigates the determinants of climate change, focusing on the effects of
urbanisation, GDP, and energy intensity using both the Pooled Mean Group (PMG) and
Mean Group (MG) estimators, with the Hausman test employed to determine the preferred
model. In this model, the PMG estimator shows a positive significant long-run relationship
between urbanisation and climate change (3 = 0.375, p < 0.05). Economic growth also has a
significant positive impact on climate change (3 = 0.483, p < 0.001), while the relationship
between energy consumption and climate change is positive but not significant (3 = 0.400,
p > 0.05). In the short run, economic growth significantly affects climate change (3 = 0.949,
p <0.001), as does energy intensity (3 = 0.584, p < 0.001). The error correction term (ECT)
is negative but not significant (p = —0.134, p > 0.05), suggesting a slower adjustment to
long-run equilibrium.

On the other hand, the MG estimator for Model 1 indicates urbanisation has a negative
and significant impact, indicating that as urbanisation increases, climate change decrease
(B = —0.075, p > 0.05). Economic growth significantly and positively impacts climate change
(B =1.122, p < 0.001), and there is also a significant positive relationship between energy
intensity and climate change (3 = 0.370, p < 0.001). In the short run, both economic growth
(B =0.821, p < 0.001) and energy consumption (3 = 0.556, p < 0.001) have significant positive
effects on climate change. The ECT is significant and negative (f = —0.289, p < 0.001),
indicating a faster adjustment to long-run equilibrium.
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The Hausman test results (Chi-square = 13.85, p = 0.0031) suggest that the MG estimator
is preferred over the PMG estimator. These findings highlight notable differences between
the PMG and MG estimations. The PMG model suggests a significant positive impact
of urbanisation on climate change, while the MG model shows an insignificant negative
effect. Both estimators indicate a significant positive relationship between GDP and climate
change, but they differ on the significance of energy intensity’s impact. In the short run,
both models agree on the significant positive effects of GDP and energy consumption on
climate change, with the MG model indicating a significant faster adjustment to long-run
equilibrium. In conclusion, the Hausman test favours the MG estimator, suggesting that
this model provides a better fit for the data. The findings underscore the critical roles
of economic growth and energy consumption in driving climate change, with significant
policy implications. While urbanisation’s impact is less clear, addressing these factors is
crucial in managing climate change effectively.

The findings from Model 2 of the panel ARDL analysis, employing the MG estimator,
reveal nuanced relationships between climate change and various determinants. The PMG
estimator suggests a marginally significant negative association between urbanisation and
climate change (3 = —0.113, p < 0.10), while the MG estimator indicates a stronger negative
relationship (3 = —0.283, p < 0.001). In contrast, GDP exhibits positive relationships with
climate change, with only the MG estimation being statistically significant (3 = 0.923,
p < 0.001). Energy consumption shows a positive but nonsignificant relationship in the
PMG model ( = 0.721, p > 0.05), whereas the MG model reveals a significant positive
association (3 = 0.092, p < 0.05). Other variables such as FDI, inflation, and trade display
mixed results across the estimators. The significant negative coefficients for the Error
Correction Term (ECT) indicate a prompt adjustment to long-run equilibrium following
short-term shocks. Both estimators also show negative constant terms, with the MG model
demonstrating a significant negative coefficient (3 = —1.766, p < 0.01). The Hausman test
strongly favours the MG estimator over the PMG estimator (Chi-square = 59.77, p < 0.0001),
highlighting its superiority in explaining the data. These results emphasise the importance
of considering urbanisation, GDP, and energy intensity in understanding climate change
dynamics and informing policies for environmental sustainability.

In Model 2a of the panel ARDL analysis, employing both the PMG and MG estima-
tors, notable findings emerge regarding the relationship between climate change and its
determinants with all sample except Singapore. The PMG estimator indicates a statistically
significant negative association between urbanisation and climate change ( = —0.187,
p < 0.01), while the MG estimator shows an even stronger negative relationship ( = —0.382,
p <0.001). GDP displays a significant positive relationship with climate change in both esti-
mations, with slightly higher coefficients in the MG model (3 = 0.839, p < 0.001; 3 = 0.967,
p < 0.001). Energy intensity exhibits conflicting results, with the PMG model indicating
a negative but nonsignificant relationship ( = —0.273, p > 0.05), whereas the MG model
suggests a positive albeit weak association (3 = 0.001, p < 0.05). Other variables such as FDI,
inflation, and trade show mixed results across the estimators. The ECT coefficients are signif-
icantly negative in both estimators, indicating prompt adjustments to long-run equilibrium
following short-term shocks. The constant terms in both models are also negative, with the
MG model showing a significant negative coefficient (3 = —1.262, p < 0.05). The Hausman
test results indicate no significant difference between the two estimators (Chi-square = 5.86,
p > 0.05), suggesting that either estimator could be suitable for explaining the data. These
results underscore the importance of considering urbanisation, GDP, and energy intensity
in understanding dynamics and formulating effective environmental policies.

The results of the panel ARDL analysis across three models reveal significant insights
into the relationship between the dependent variable, climate change, and various in-
dependent variables. In Model 1, the MG estimator indicates a statistically significant
negative relationship between urbanisation and climate change (3 = —0.075, p < 0.05),
while GDP displays a significant positive association (3 = 1.122, p < 0.001). Energy intensity
also exhibits a significant positive relationship with climate change (3 = 0.370, p < 0.001).



Economies 2024, 12, 200

14 of 21

However, in Model 2, the magnitude of the coefficients changes notably. urbanisation now
demonstrates a stronger negative relationship (3 = —0.283, p < 0.001), while GDP per capita
maintains its positive association (3 = 0.923, p < 0.001). Surprisingly, energy intensity shows
a significant but weak positive relationship (8 = 0.092, p < 0.05), and FD], inflation, and
trade exhibit no significant associations.

Model 2a further refines these relationships, with urbanisation showing a substantial
negative coefficient ( = —0.382, p < 0.001) and GDP per capita retaining its positive relation-
ship (§ = 0.967, p < 0.001). Notably, energy intensity’s coefficient becomes almost negligible
(B =0.001, p < 0.05), indicating a weak positive relationship with CO, emissions. The
ECT coefficients in all models are significantly negative, suggesting prompt adjustments to
long-run equilibrium following short-term shocks. The constant terms vary across models
but generally exhibit negative coefficients, with Model 2a showing the most significant
negative coefficient (3 = —1.262, p < 0.05). These results underscore the complex interplay
between urbanisation, GDP per capita, and energy intensity in influencing climate change.
Then, we compare based on the Hausman tests in Table 6. All the three models within the
ARDL panel analysis framework, each examining the relationship between macroeconomic
variables and climate change using the Mean Group (MG) estimator. Model 1 is based
on Equation (1), Model 2 on Equation (2), and Model 2a on Equation (2) but excludes
Singapore from the sample.

The MG analysis across the three models reveals some consistency and variation in the
impact of various macroeconomic variables on climate change. One of the key consistencies
is seen with GDP per capita. In all three models, GDP per capita consistently shows a
strong positive impact on climate change. Specifically, GDP per capita has coefficients
of 1.122 (p < 0.01) in Model 1, 0.923 (p < 0.01) in Model 2, and 0.967 (p < 0.01) in Model
2a. This indicates that higher economic output per person is associated with increased
climate change across the models, underscoring the role of economic growth in driving
climate change.

Energy intensity also shows a generally positive relationship with climate change in
all three models, although the strength of this impact varies. The coefficients for energy
intensity are 0.370 (p < 0.01) in Model 1, 0.092 (p < 0.1) in Model 2, and 0.001 (p < 0.1) in
Model 2a. This consistency suggests that increased energy consumption is a significant
driver of climate change. Additionally, the ECT is significant and negative in all models.
The coefficients are —0.289 (p < 0.01) in Model 1, —0.402 (p < 0.01) in Model 2, and —0.300
(p < 0.01) in Model 2a. This indicates that deviations from the long-run equilibrium are
corrected relatively quickly, the system tends to return to equilibrium after a shock and
implying a stable long-term relationship between the variables.

However, there are notable differences in the results as well. Urbanisation shows a
variable impact across the models. In Model 1, urbanisation has a coefficient of —0.075
(p < 0.05), indicating a negative but statistically significant impact on CO, emissions. In
Model 2, the coefficient is —0.283 (p < 0.01), and in Model 2a, it is —0.382 (p < 0.01). This
suggests that the exclusion of Singapore in Model 2a may strengthen the perceived negative
relationship between urbanisation and emissions.

Inflation demonstrates a significant negative impact in Models 2 and 3. The coefficients
are —0.016 (p < 0.01) in Model 2 and —0.021 (p < 0.01) in Model 2a, indicating that higher
inflation rates might reduce CO, emissions. However, inflation is not included in Model 1, so
no comparison can be made for this variable across all three models. Trade openness shows
a significant positive relationship with climate change in Models 2 and 2a, with coefficients
of 0.005 (p < 0.05) and 0.007 (p < 0.01), respectively, suggesting that higher levels of trade are
associated with increased emissions. This variable is not included in Model 1, either.

The FDI is not included in Model 1 but shows a positive and statistically insignifi-
cant impact in Models 2 and 2a, with coefficients of 0.021 and 0.033, respectively. This
indicates that FDI does not have a consistent significant impact on climate change in the
analysed models.
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Overall, GDP per capita, energy use, and the error correction term show consistent
results across all three models, urbanisation, inflation, and trade openness exhibit variability
in their impacts depending on the model specification. The exclusion of Singapore in
Model 2a appears to accentuate the negative impact of urbanisation on CO, emissions.
This suggests that the inclusion or exclusion of certain countries can influence the observed
relationships between macroeconomic variables and CO, emissions.

5. Conclusions and Discussion

In this study, we examine the macroeconomic trends of Southeast Asian countries
considering their impact on climate change, particularly in the context of their adherence to
the Kyoto Protocol and commitment to sustainable development goals. Our analysis focuses
on three key macroeconomic variables: urbanisation, GDP per capita and energy intensity,
FD], inflation, and trade aiming to ascertain their influence on climate change dynamics.

The MG analysis across the three models reveals both consistencies and variations
in the impact of various macroeconomic variables on climate change. First, urbanisation
exerts a negative impact on exacerbating climate change. This phenomenon underscores
an advantaging of the population influx from rural to urban areas in Southeast Asian
countries. Termed traditional urbanisation, this trend primarily aims at fulfilling job
demands in urban centres but frequently results in resource depletion, traffic congestion,
and environmental deterioration. This unbridled urbanisation underscores the pressing
need for policymakers to prioritise the development of robust urban infrastructure and
comprehensive urban planning strategies. By doing so, they can effectively address the
burgeoning urban population and mitigate the adverse environmental impacts associated
with rapid urbanisation. Implementing sustainable urban development initiatives, such as
green infrastructure, public transportation systems, and renewable energy integration, can
help foster resilient and environmentally conscious urban communities in Southeast Asia.
Thus, policymakers must focus on proactive measures to promote sustainable urbanisation
and combat climate change in the region.

Urbanisation plays a pivotal role in shaping the economic and social landscape of
countries, with new-type urbanisation emerging as a critical driver of China’s develop-
mental trajectory, as highlighted by Wang et al. (2015). Distinguished by its human-centric
approach, new-type urbanisation aims to address pressing issues in economic and social
development while prioritising sustainability and quality of life. Unlike traditional urbani-
sation, which primarily focuses on increasing urbanisation rates, new-type urbanisation
emphasises augmenting urban population density—the number of individuals per unit
area—as a key metric of progress. The significance of urban population density lies in its
correlation with the efficient utilisation of urban resources, a hallmark characteristic of
new-type urbanisation. As population density increases, so does the potential for resource
optimisation, thereby enhancing economic productivity and social well-being. However,
the rapid growth of urban populations poses challenges to the carrying capacity of ecosys-
tems, necessitating a paradigm shift towards sustainable urban development practices.
Despite the laudable goals of new-type urbanisation, the findings from the mean MG
analysis reveal a surprising lack of significant correlation between the urbanisation variable
and climate change. Initially, urbanisation indicates a slight negative impact on climate
change, which becomes more pronounced when excluding Singapore from the analysis.
This could be due to Singapore’s unique urbanisation patterns and stringent environmental
regulations, which differ significantly from other ASEAN countries. This suggests that
tailored urbanisation policies promoting sustainable practices, such as green infrastructure
and public transportation, could help mitigate emissions. The studies with similar results
are Martinez-Zarzoso et al. (2007), and Martinez-Zarzoso and Maruotti (2011).

Second, the strong positive impact of GDP per capita on climate change in all three
models. This finding indicates that higher economic output per person is consistently asso-
ciated with increased the climate. This underscores the role of economic growth in driving
emissions and highlights the significant challenge of balancing economic growth with
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environmental sustainability. As Southeast Asia experiences rapid economic development,
characterised by increased industrial activities, urbanisation, and higher energy intensity,
it is imperative for policymakers to adopt sustainable growth strategies that decouple
economic growth from climate change impacts.

The analysis findings challenge the prevailing notion that developing countries sig-
nificantly contribute to climate change during their developmental phases. In transitional
economies, the misallocation of resources often leads to their inefficient utilisation, resulting
in heightened pollution as a negative byproduct of production processes. Additionally,
a notable hallmark of transitional economies is their heavy reliance on energy derived
predominantly from fossil fuel combustion. It is only in the latter stages of their transfor-
mation that we observe a gradual uptick in the proportion of renewable energy sources
integrated into their energy mix. However, the empirical insights gleaned from our analysis
in Southeast Asia diverge from this narrative. Despite experiencing economic growth, these
countries have managed to curtail pollution levels. This suggests a decoupling of economic
growth from climate change, possibly attributable to factors such as the adoption of more
efficient technologies, bolstered environmental regulations, and investments in renewable
energy infrastructure. Moreover, the impact of this variable supports the findings of Paul
and Bhattacharya (2004), which indicate that economic activity, as proxied by GDP, has a
positive effect on climate change.

Third, the energy intensity also shows a generally positive relationship with the climate
change across the models, though the strength of this impact varies. This consistency
suggests that increased energy consumption is a significant driver of the climate change.
This underscores the critical importance of addressing inefficient energy practices as a key
strategy to mitigate the adverse impacts of climate change. Recognising the urgency of the
situation, it becomes imperative to prioritise efforts aimed at enhancing energy efficiency
and promoting the adoption of renewable energy sources. The results of the impact of
energy intensity on climate change support the research of Menyah and Wolde-Rufael
(2010), and Pao et al. (2011).

Considering this imperative, countries in Southern Asia can spearhead efforts towards
sustainable development by transitioning towards renewable energy-based machinery
and infrastructure in their economic activities. By harnessing the power of renewable
resources such as solar, wind, and hydroelectric energy, these nations can significantly
reduce their carbon footprint while simultaneously fostering economic growth. However,
combating rising pollution requires a multifaceted approach that addresses not only energy
inefficiency but also the equitable distribution of resources and the promotion of renewable
energy adoption. Sustainable development efforts must be guided by an overarching
commitment to environmental stewardship, social equity, and economic prosperity.

Moreover, raising ecological consciousness among stakeholders is paramount in driv-
ing meaningful change towards sustainability. This entails enhancing public awareness
about the importance of environmental conservation, fostering a deeper understanding of
the interconnectedness between human activities and ecosystem health, and promoting sus-
tainable lifestyles and consumption patterns. Additionally, investing in new technologies
and innovation plays a pivotal role in addressing climate change challenges. By lever-
aging advancements in clean energy technologies, sustainable agriculture practices, and
eco-friendly manufacturing processes, countries can accelerate their transition towards a
low-carbon and resilient future. In conclusion, the fight against climate change necessitates
concerted efforts from all sectors of society. By prioritising energy efficiency, promoting
renewable energy adoption, addressing resource distribution disparities, raising ecological
consciousness, and investing in innovative technologies, Southeast Asian countries can
pave the way towards a more sustainable and prosperous future for generations to come.

Inflation demonstrates a significant negative impact on climate change in some models.
This relationship suggests that higher inflation rates might reduce the climate change. One
possible explanation is that higher prices reduce consumer demand, leading to a decrease
in production activities that typically generate emissions. This indicates that inflation can
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indirectly influence environmental outcomes by altering consumption and production
patterns. Although inflation control is not a direct tool for environmental policy, under-
standing its relationship with climate change can be valuable for designing comprehensive
economic strategies. For instance, policymakers can leverage this knowledge to craft poli-
cies that simultaneously aim for macroeconomic stability and environmental sustainability
(Antal and Van den Bergh 2013). During periods of inflation, the government can prioritise
investments in energy-efficient technologies and green infrastructure. By doing so, even if
economic activities slow down due to higher prices, the impact on climate change could be
mitigated through increased efficiency and reduced reliance on fossil fuels.

Furthermore, this relationship highlights the interconnectedness of economic and
environmental policies. As countries strive to control inflation, they must consider the
potential environmental benefits of reduced economic activity and adjust their policies
accordingly. For instance, a country experiencing high inflation might implement mea-
sures to stabilise prices while simultaneously promoting renewable energy sources and
sustainable practices in industry and transportation. In discussing the policy implications,
it is essential to recognise that while inflation control can have environmental benefits, it
should not be relied upon as the primary means of reducing the climate change. Instead, it
should complement other targeted environmental policies, such as carbon pricing, regu-
lations on industrial emissions, and incentives for clean energy adoption. By integrating
economic and environmental policies, governments can achieve a more holistic approach
to sustainable development.

Additionally, the negative impact of inflation on climate change may vary depending
on the structure of the economy and the specific sectors driving inflation. Policymakers
should conduct sector-specific analyses to understand how inflation affects emissions in
different industries. For example, inflation in the energy sector might lead to higher prices
for fossil fuels, encouraging a shift toward renewable energy sources. Conversely, inflation
in the agricultural sector could have different implications for emissions.

In conclusion, while inflation control is not a direct environmental policy tool, its
significant negative impact on climate change in some models provides valuable insights for
policymakers. By understanding this relationship, governments can design comprehensive
economic policies that contribute to both macroeconomic stability and environmental
sustainability. Integrating inflation control with targeted environmental measures can help
achieve a balanced approach to sustainable development, ensuring that economic growth
does not come at the expense of environmental health. The results of this research on the
impact of inflation strengthen the findings of Xu et al. (2023), which indicate that inflation
affects certain economic conditions.

Trade openness exhibits a positive relationship with climate change in certain models.
This finding suggests that higher levels of trade are associated with increased emissions,
potentially due to the intensified industrial activity and transportation demands accompa-
nying trade expansion. As developing countries with promising economies, their industries
expand to meet the growing demand for goods and services, typically resulting in an in-
crease in manufacturing and production activities. This finding is also in line with Idowu
et al. (2023), which indicates that energy consumption from the industrialisation process
has a positive impact on increasing carbon emissions.

This observation underscores the need for policymakers to address the environmental
implications of trade liberalisation. One potential explanation for the positive relationship
between trade openness and climate change is the phenomenon of pollution havens. In
pursuit of comparative advantage and cost savings, industries may relocate to countries
with lax environmental regulations, leading to increased emissions in those regions. More-
over, trade can amplify consumption patterns, resulting in higher demand for goods and
services, which in turn drives up emissions from production processes and transportation.

To address the climate change consequences of trade openness, policymakers should
adopt measures to promote cleaner technologies and impose stricter on climate change
reducing efforts within trade agreements. By incorporating environmental clauses into
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trade negotiations, governments can encourage trading partners to adopt sustainable
practices and mitigate the environmental impact of trade activities. Additionally, investing
in research and development of eco-friendly technologies can enhance competitiveness
while reducing emissions associated with trade-related activities.

Furthermore, discussions surrounding trade and environmental sustainability should
consider the concept of carbon leakage. While stricter environmental regulations in one
country may lead to emissions reductions domestically, industries may relocate to regions
with weaker regulations, resulting in a mere shift in emissions rather than an absolute
decrease (Savona and Ciarli 2019). Policymakers must address this challenge through
coordinated international efforts to harmonise environmental standards and prevent car-
bon leakage.

The positive relationship between trade openness and climate change underscores
the need for proactive environmental policies in the context of trade liberalisation. By
integrating environmental considerations into trade agreements and promoting sustainable
practices, policymakers can ensure that trade expansion contributes to economic growth
without compromising environmental integrity. Collaboration at the international level
is crucial to address the global nature of environmental challenges associated with trade,
ultimately fostering a more sustainable and equitable global trading system.

The FDI yielded mixed results regarding its impact on climate change across the
models. While FDI has the potential to stimulate economic growth, its environmental
repercussions hinge on various factors, including the nature of investments and industrial
sectors involved. The lack of consistent significance in the impact of FDI on climate change
underscores the complexity of this relationship. It suggests that the environmental effects
of FDI may vary depending on factors such as the sector in which investments are made
and the technological advancements accompanying them. This variability highlights the
importance of context-specific analyses and the need to consider the heterogeneity of FDI
inflows in environmental policymaking.

Moreover, the inconclusive findings regarding FDI's influence on climate change
emphasise the necessity of adopting a nuanced approach to attract foreign investments.
Policymakers should prioritise investments that align with sustainable development goals
and promote environmentally friendly practices. By incentivising green FDI and imple-
menting stringent environmental regulations, countries can leverage foreign investments
to drive economic growth while minimising ecological harm which can impact to climate
change. Research by Apergis et al. (2023) supports the results of this study by finding
that FDI flows from OECD countries do not impact carbon emissions and environmental
damage in BRICS countries.

Additionally, the absence of a consistent relationship between FDI and climate change
underscores the need for further research to elucidate the underlying mechanisms driving
this association. Future studies could explore how factors such as technology transfer,
sectoral composition, and environmental regulations influence the environmental impact of
FDI. By gaining a deeper understanding of these dynamics, policymakers can devise more
effective strategies to harness the potential benefits of FDI while mitigating its adverse
environmental consequences.

In conclusion, while GDP per capita, energy intensity, and the error correction term
show consistent results across all three models, urbanisation, inflation, and trade openness
exhibit variability in their impacts depending on the model specification. The exclusion
of Singapore in the analysis appears to accentuate the negative impact of urbanisation
on climate change. This suggests that the inclusion or exclusion of certain countries can
influence the observed relationships between macroeconomic variables and climate change.
Policymakers in ASEAN countries should adopt a multifaceted approach that promotes
sustainable economic growth, increases energy efficiency, leverages cleaner technologies,
and incorporates environmental considerations into trade and investment policies. By
doing so, they can achieve a balance between economic development and environmental
sustainability, ultimately contributing to the global effort to combat climate change.
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